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SAFETY/HAZARD AWARENESSNOTICE

This course does not require any special safety precautions other than those normally found on
the flight lines.
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HOW TO USE THISFTI

This Flight Training Instruction (FT1) is your textbook for the Weapons delivery stage and isthe
source document for all procedures related to Weapons. In addition, it includes suggested
techniques for performing each maneuver and making corrections.

Use your FTI to prepare for and afterward to review lessons and flights. This information will
help you effectively prepare for lessons: know all the procedures in the assigned section(s),
review the glossary, and be prepared to ask your instructor about anything that remains unclear.
Then, you can devote your attention to flying the T-45. After aflight, review the FTI materialsto
reinforce your understanding and to clarify any difficult maneuvers or procedures.

Note that this FTI also contains information on emergencies related to this stage. This section of

the FT1 amplifies, but does not supplant, the emergency procedures information contained in the
T-45 NATOPS Manual.
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INTRODUCTION
GENERAL CONSIDERATIONS

Military aircraft are designed to destroy an enemy's potential to wage war. The primary means to
accomplish thismission is by delivering various types of ordnance upon enemy personnel,
equipment, and installations. Accurate delivery of ordnance on surface targets is one of the
primary missions of naval aviation and is accomplished with awide variety of special and
conventional weapons. Delivery techniques vary as widely as the weapons themselves, and vary
from conventional dives of all anglesto computer-integrated loft maneuvers. To be atrue
professional, you - the Naval Aviator - must be thoroughly versed in air-to-ground delivery.

OBJECTIVE

The primary objective of the Weapons stage is to develop your basic skills of weapons delivery.
The most important of these skills involves developing consistency in two concepts - rolling in
and tracking. Y ou will find that the basic skills you already learned, such as formation flying and
instrument scan, will be helpful in the weapons delivery stage. The ultimate objective isto teach
you how to make the ordnance hit the target. This publication will emphasize the fundamentals
of weapons delivery and their application to various types of practice ordnance. The procedures
contained here, except those labeled techniques,” must be closely followed. For Training
Command purposes, the most important aspect of weapons delivery is consistency in roll-in and
tracking. Diversification can come later, after building basic skills.

GRADING

Because accuracy of delivery isthe goal of weaponstraining, it will be graded on all but the first
few flights. Y ou will determine accuracy by figuring the Circular Error Probability (CEP). The
CEP isadtatistical median, and is theoretically the radius of acircle within which half the pilot's
bombs could be expected to fall. Figure your CEP by arranging your hits from best to worst; the
CEP isthe middie hit of an odd number of drops or the average of the middle two hits of an even
number of drops. Count off-target hits of unknown distance as 500 feet. Four drops are required
to compute a CEP and complete aflight. All scored hits will count toward the flight CEP,
regardless of the pattern in which the individual bombs were dropped. Accuracy will be graded
in accordance with the guidelines found in the applicable master curriculum guide (MCG).

XV
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CHAPTER ONE
T-45 ARMAMENT CONTROLSAND INDICATORS

T-45C WEAPONS SYSTEM

100. T-45C WEAPONS SYSTEM INTRODUCTION
101. T-45C ARMAMENT SYSTEM - GENERAL

The armament system provides for the carriage, jettison, sighting, gun firing smulation, and
controlled release of external stores. Armament system controls consist of the jettison button,
master armament switch (forward cockpit), master arm override switch/master arm light (aft
cockpit), weapons rel ease button and gun trigger, Data Entry Panel, MFD stores display, and the
air-to-ground (A/G) T-45 mode button which provides both Manual (MAN) and Continuously
Computed Impact Point (CCIP) delivery mode sighting for bombs, rockets and simulated guns.
There is no data interface between the weapons station and the A/G stores display. Weapon
guantity and rocket firing mode must be set in by the pilot to match the weapons load.

102. T-45C ARMAMENT SYSTEM CONTROLSAND INDICATORS
Emer gency Jettison Button

The jettison button (Figure 1-1) in the forward and aft cockpit when pushed will jettison stores
on the wing pylons simultaneously with weight off wheels. Stores jettison occurs regardless of
the selected weapon or master armament switch position. Centerline external stores will not
jettison.

Master Armament and Master Armament Override Switch/Master Arm Light

The Master Armament switch (Figure 1-1) islocated in the front cockpit. All armament
circuits, except for jettison, are controlled by the master armament switch. With the master
armament switch in SAFE, the armament circuits are de-energized. In MASTER ARM, the
armament circuits are energized and the MASTER ARM light (Figure 1-1) isilluminated in the
aft cockpit.

The Master Armament Override switch (Figure 1-1) in the aft cockpit is a solenoid type toggle
switch which is energized when the front cockpit Master Armament Switch is selected to ARM.
The Override switch has two positions: FORWARD and SAFE. Thisis a safety switch that can
disable the armament system when placed in the SAFE (down) position, preventing an
undesirable weapons release. When the front cockpit Master Arm Switch is placed to SAFE, the
Master Override Switch is de-energized, allowing the spring loaded override switch to return to
the up or FORWARD position. The Master Armament Override Switch can aso be manually
switched back to the FORWARD position. When in the FORWARD position, the forward
cockpit controls the armament system.

T-45 ARMAMENT CONTROLSAND INDICATORS 1-1



CHAPTER ONE T-45 WEAPONS/STRIKE

Weapons Release Button and Gun Trigger

The A/G weapon release button or "pickle button” (Figure 1-1) is used to rel ease weapons from
the wing stations. With the master arm switch in ARM and a wing station selected on the stores
display, pressing the button releases abomb or fires arocket. The GUN trigger (Figure 1-1) is
used to fire the ssmulated gun. With the master arm switch in ARM and GUN selected on the
stores display, squeezing the trigger simulates gun firing.

Data Entry Panel (DEP)
The DEP (Figure 1-1) is used to adjust the MIL depression setting, select the HUD master mode,
and enter target height. The MIL depression setting of the depressed sight line is adjusted with

the SET DEP +/- rocker switch, HUD master modes - navigation, air-to-air, and air-to-ground -
are selected with the MODE button and target height is entered with the DEP buttons.

1-2 T-45ARMAMENT CONTROLSAND INDICATORS
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Figure1-1 T-45C Armament Control and Indicators
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CHAPTER ONE T-45 WEAPONS/STRIKE

MFD Air-To-Ground (A/G) Stores Display

The A/G stores display (Figure 1-2) options include delivery mode selection, weapon and station
selection, weapon quantity selection, weapon quantity, target height option selection, master
armament status (SAFE or ARM), and rocket delivery options.

Figure1-2 A/G Stores Display Controlsand Indicators

1. Weapon and Station Selection. Selects the respective weapon to the selective station.
Only one weapon/station combination may be selected at any given time. The default setting is
GUN.

2.  Bomb/Rocket Quantity Selection. Weapon quantity can be adjusted to meet the current
weapon quantity loaded on the aircraft after aircraft start-up.

3. Ddivery Mode Selection. Weapon delivery mode selection is the Mode of Delivery for
the selected weapon. There are two modes of delivery: Manual (MAN) and Continuously
Computed Impact Point (CCIP). The default setting isthe MAN mode.

4. Target Height Option. Available in the CCIP delivery mode only. When selected, will
show current active waypoint elevation or last manually entered target height (whichever
occurred last). Selecting THGT will open up a scratchpad in the HUD and MFD for manual
entry using the DEP.

1-4 T-45 ARMAMENT CONTROLSAND INDICATORS



T-45 WEAPONS/STRIKE CHAPTER ONE

5. Rocket Firing Mode. Indicates the selection of the rocket firing modes: SINGLE and
RPPL (Ripple). Subsequent selection of the firing mode option will cycle between the two.
Current firing mode status is shown below the aircraft |oad-out symbol as shown in Figure 1-2.

6. Master Armament Status. Indicatesthe Master Arm status. SAFE or ARM as selected
viathe Master Arm Panel.

7.  Weapon Quantity Indication. This serves as a counter only and has no interface between
the PMBR and the STORES page. The weapon quantity has default settings of RKT —7; BOMB
—6; and GUN - has no counter and isunlimited. It isimportant to select the correct bomb/rocket
guantity to match the actual load on the aircraft. Inflight, with the armament system energized,
each press of the weapon release button will cause the selected quantity to decrease by one.

103. T-45C AIR-TO-GROUND HUD SYMBOLOGY

The T-45C A/G mode may be entered by pressing the mode button on the DEP or by selecting
A/G on the stores display. The T-45C A/G HUD is designed to display two types of weapon
delivery modes. Manual (MAN) and Continuously Computed Impact Point (CCIP). These
delivery modes are selectable through the MFD Stores Display. The A/G HUD can beused in
either caged or uncaged mode. The system defaults to uncaged and is the normal and
recommended mode.

T-45C A/G HUD Manual Delivery M ode Symbology

The Manual delivery mode HUD symbology, in addition to the normal gear up NAV symbology,
provides: MAN mode indication, selected weapon indication, MASTER ARM status, the
Depressed Sight Line (DSL) aiming reticle and DSL mil setting indication, as shown in Figure
1-3. The MAN mode provides afixed impact point based on the planned parameters (e.g. dive
angle, airspeed and atitude) of weapon delivery.
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Figure 1-3 T-45C A/G HUD Manual Delivery Mode
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1. Mil Depression Setting (Manual mode). Indicates the mil depression setting of the DSL
reticle on the HUD and is shown in the MAN mode only. The setting is adjusted by using the
SET DEP rocker switch on the DEP. The system initializes at 12 for GUN, 140 milsfor BOMB,
and 30 for RKT. The sight can be adjusted from 0 to 270 mils, with O being coincident with the
top of the altitude and airspeed boxes (waterline or Armament Data Line (ADL)) and 270 being
toward the bottom of the HUD.

2.  Weapon Release Indicator. Thiscue appears asasmall X to the right of the selected
weapon. It isdisplayed for 2 seconds when the pickle button or trigger is actuated.

3. Weapon Type/ Master Arm Indication. The selectable weapons are: GUN, RKTS, and
BOMB. Master arm SAFE statusisindicated with an X through the weapon legend. Armed
statusisindicated by the absence of the X.

4. Depressed Sight Line (DSL) Aiming Reticle. This cueisanon-computing reticle which
overlays the point aweapon would impact in a no-wind condition, given the weapon type,
airspeed, atitude, optimum G and AOA. Thisreticle can be adjusted up/down on the HUD
using the SET DEP rocker switch on the DEP. Thereticleinner ring is 25 mils, and outer ring is
50 mils. Outside the rings are two (2) additional mil marks along the pitch ladder centerline: 75
and 100 mils (Figure 1-3).

T-45C Manual Delivery Mode - Objective

The objective of the manual delivery isto fly the aircraft in amanner asto arrive at or close to
the planned rel ease parameters (atitude, airspeed and dive angle) with the DSL aiming reticle
close to the intended aiming point. When the aiming reticle is about to overlay the target /
aimpoint, the pickle button / trigger should be actuated to initiate weapons release / firing. In the
Manual delivery mode, the pilot needs to manually compute error corrections required if
deviations occur from the planned release parameters as well as adjust for release wind direction
and velocity. Detailed instruction on techniques of Manual weapons delivery will be discussed
in later chapters.

T-45C A/G HUD CCIP Delivery Mode Symbology

In the CCIP mode, the HUD displays the same flight parameters asin MAN mode (compare
Figures 1-3 and 1-4) with the exception of the aiming sight. CCIP compensates a weapon release
solution based on current aircraft dive angle, bank angle, airspeed, altitude, and release altitude
wind to display a continuously computed impact point for a sel ected weapon.

In CCIP mode the HUD displays a continuously predicted impact point under the pipper, a
cruciform symbol. A Displayed Impact Line (DIL) is drawn from velocity vector to the pipper,
sometimes called aBomb Fall Line (BFL). It isonly availablein A/G BOMB mode, not in
RKTS or GUN. The bomb fall lineis an azimuth reference between the pipper and the velocity
vector that indicates wind and speed effects on the weapon. When the target and CCIP pipper are
coincident, you will command bomb release.
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Should you occasion to employ the HUD in caged mode, be aware that the bomb fall lineis
displayed between the caged (solid) velocity vector and the pipper; not between the true
(uncaged ghost) velocity vector and pipper. Correspondingly, your target may not track down the
bomb fall line, as during uncaged mode of operation. Therefore, employment of the A/G HUD
in the caged mode is not recommended and is highly discouraged.

Figure 1-4 T-45C CCIP Delivery Mode — Bombs

1. Delivery Mode Indication (CCIP). Indicates the current mode of delivery. Inthe Manual
mode, it shows the mil depression setting. Shown here (Figure 1-4) is the CCIP mode.

2.  Weapon Type/ Master Arm Status. Same asin the manual HUD display. Shows
weapon selection and Master Arm status. The selectable weapons are: GUN, RKTS, and
BOMB. Master arm SAFE statusisindicated with an X through the weapon legend. Armed
statusisindicated by the absence of the X.
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3. Displayed Impact Line. Sometimes referred to as the Bomb Fall Line, appears only in the
CCIP mode with bombs as the selected weapon. The DIL provides an azimuth steering
reference.

4. CCIP Release Cue. This cue indicates the computed weapons impact point based for
instantaneous weapon rel ease.

T-45C Continuously Computed Impact Point (CCIP) Delivery M ode — Rockets/ Gun

In addition to the normal NAV symbology on the HUD, the CCIP mode with Rockets or Gun
selected provides: CCIP mode indicator, selected weapon, master arm status and a CCIP release
Cue.

The CCIP release cue represents the impact point of the rocket or gun shell if the weapon isfired
immediately. In CCIP ROCKETS and GUN, the CCIP marker will flash three times per second
when the computed slant range exceeds 12,000 ft for rockets or 8,000 ft for gun. When inside
those slant ranges, the CCIP cue remains illuminated steady.

Figure1-5 T-45C A/G HUD CCIP —Bombs
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Figure1-6 T-45C A/G HUD —Gun/RKTS
T-45C CCIP Delivery Mode — Objective

The objective of a CCIP delivery isto fly the aircraft in amanner to arrive at or close to the
planned rel ease parameters (altitude, airspeed and dive angle) with the CCIP cue close to the
intended aiming point. When the CCIP cue superimposes the target, the pickle button / trigger
should be actuated to initiate weapons release / firing. In the CCIP delivery mode, the DEU /
weapons computer computes error corrections required if deviations occur from the planned
release parameters as well as adjust for release wind direction and velocity. Remember, the
CCIP mode is not magical. The computed impact point relies on the data entered and a smooth
tracking run to solve the bombing triangle equation. Detailed instruction on the techniques and
procedures of CCIP weapons delivery, getting the aircraft to arrive at or close to the planned
release parameters, will be discussed in later chapters.

Target Height (TGHT) Entry for the CCIP Mode

The CCIP delivery mode uses the radar atimeter for it’s height above target (HAT) computation.
When the radar altimeter is off (e.g. when above 5,000" agl, becomesinvalid, or turned off), the
system uses BARO dltitude minus either the active/sel ected waypoint elevation or the entered
TGHT, whichever was selected or entered last, for the HAT computation. When using the CCIP
mode, target elevation should be entered into the system. This prevents a“jump” in the CCIP
release cue when descending through 5,000 agl as the radar atimeter redisplays. During a
bomb run in rugged terrain, the pipper may jump around as the aircraft passes over terrain of
varying heights. To force the system to use BARO altitude, versus radar altitude, the radar
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altimeter must be turned off. However, turning off the radar altimeter in the T-45C, considering
our training environment is very rare.

104. T-45C AIR-TO-GROUND DATA ENTRY
MFD A/G Stores Display Data Entry

The T-45C is capable of carrying MK 76 bombs and/ or 2.75 FFARs. The gun is "always
available" and is simulated on the centerline station. It is presumed to have unlimited ammo;
therefore, no ammo countdown is provided.

The DEU/mission computer does not monitor status of the simulated gun, bomb racks, rocket
launchers, or weapons. Upon command to release a weapon (pickle button), the T-45C system
counts down according to the number of times the release button is depressed. Thereis not a
mechanical or electrical interface to wing stations; therefore, it is possible for the system to count
down, even though aweapon is not released or is "hung."

The T-45C navigation and weapons delivery system defaults to various displays. Before air-to-
ground sorties, you must assure that the STORES system is programmed to support your mission
plan (Figures 1-7 thru 1-9). Weapons programming and data entry will be retained in the system
memory for application in flight.

To select the A/G Stores Display, select: MENU / STRS/ A/G options on the MFD. Selecting
the weapon / station combination next will call up the specific default displays. The system
defaults to the manual (MAN) - GUN Delivery Mode.

MFD Air-To-Ground (A/G) Stores Display — (Manual Mode) Default Displays

Figure1-7 A/G Stores Display — Gun (Manual Mode) Default
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Figure 1-8 A/G Stores Display —Bomb (Manual Mode) Default

Figure 1-9 A/G Stores Display — Rocket (Manual Mode) Default
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Figure 1-10 Weapons Data Entry Sequence Flow Chart

Waypoint and Offset Data. Mission profiles determine in what manner you may employ
waypoints and offsets. Remember that each offset (0-359.9 degrees and 0-99.9 nm distance) is
associated with an active waypoint; changing waypoint coordinates del etes offset data associated
with that waypoint. Also, when selecting a waypoint, an offset causes replacement of CCIP
target height with that height.
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DECLUTTER

The declutter function works the same in the air-to-ground mode as in the navigation mode.
Declutter 1 or 2 (Figure 1-11) clears the left side of the HUD display of true airspeed, AOA,
Mach, and g. Since true airspeed is referenced for release and g is referenced for recovery,
declutter functions will not be used in the air-to-ground mode.

Figure1-11 HUD Declutter Modes
BREAKAWAY CROSS (BREAK X)

A large X appears in the center of the HUD when an immediate 4g pull-up is required to achieve
aground clearance of 1,000 feet. The Break X does not appear at dive angles of less than 15°.

1-14 T-45 ARMAMENT CONTROLSAND INDICATORS



T-45 WEAPONS/STRIKE CHAPTER ONE

Figure1-12 TheBreak X
VIDEO CAMERA SYSTEM (VCS) AND VCR SETUP

The Video Camera System (VCS) is atremendous asset to the learning environment in the
weapons stage. The HUD tape review following atraining event promotes error recognition,
analysis, and better overall understanding of the task at hand. It is strongly recommended the
tapes are ON from takeoff to after landing, as per the S.O.P. For details on VCS care and setup,
please refer to the current NATOPS manual .
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NOTES
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T-45A WEAPONS SYSTEM

105. T-45A WEAPONSSYSTEMS

Accurate weapons delivery requires that you correctly analyze and adjust for the effects of
altitude, airspeed, dive angle, and pipper to target to ensure ordnance release within prescribed
parameters. Y ou must be able to perform essential calculations and adjustments during the
tracking run. The HUD will assist you in performing these functions by permitting you to scan
flight instruments and aiming displays without scanning inside the cockpit.

Figure 1-13 T-45A Armament Controlsand Indicators
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Figure 1-14 Weapons Data Entry Sequence
106. T-45A AIR-TO-GROUND DATA ENTRY

After completing the interactive BIT and entering the altimeter and field height, you' re ready to
enter target datainto the HUD (Figure 1-13). First, press DATA on the data entry panel (DEP).
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The scratch pad displays wind direction (WD) and the last entered wind-direction value. Enter
the forecast wind direction for the rel ease atitude at the target and press ENT. The scratch pad
then displays wind speed (WS) and the current wind-speed value. Enter the forecast wind speed
for the release altitude at the target and press ENT. The scratch pad displays target height (TH)
and the current target height value. Enter the height of the target and press ENT.

Second, set the sight depression angle in mils. Set the weapons selector to BOMBS to get the air-
to-ground depressed sight line (DSL) submode for bombs. Just below the radar atitude, BOMBS
covered by an “X” and “140” will be displayed. BOMBS indicates that you are in the DSL
submode, X indicates that the master armament switch is set to SAFE, and 140 represents the
default mil setting for bombs. Y ou can increase the displayed mil setting by pressing the top “+”
of the SET DEP key or decrease the mil setting by pressing the bottom “-” of the SET DEP key.
Selecting ROCKETS or GUN A/G on the weapons selector will switch the display to the default
mil setting for rockets or guns. Their mil settings can be changed with the SET DEP key.

To set the continuously computed impact point (CCIP), press the MODE key after selecting one
of the air-to-ground modes on the weapons selector. Pressing the MODE key again will return
the display to the DSL submode. After entering air-to-ground data, set the weapons selector to
OFF to return the HUD to the navigation master mode.

Thetarget data, submode (DSL or CCIP), and the mil settings will be retained in the HUD’ s
memory even if the HUD is switched to another master mode or turned off in flight. In the target
area, place the weapons selector to BOMBS, ROCKETS, or GUN A/G and press the station or
gun select switch as appropriate for the weapon you are going to use. Also set the VCR switch to
ON or AUTO as briefed. Y ou can update target data and change mil settingsin flight by
following the same procedures listed above.

T-45A HUD AIR-TO-GROUND SYMBOLOGY

In air-to-ground mode the aircraft symbol is displayed on the waterline, and bank angle
indicators are not displayed. Because you are maneuvering in relation to the target, your specific
bank angle is not important; the pitch bars will still be displayed, and you can use them as a
wings level referencein the tracking run.

The“X” over BOMBS, indicating that the master armament switch on the weapons selector
panel is set to SAFE, is removed when the master armament switch is set to ARM . The DSL
A/G aiming reticle consists of two concentric dashed rings around the pipper. Theinner ring has
aradius of 25 mils and the outer ring has aradius of 50 mils. Below the outer ring are two
reference marks at 75 and 100 mils (Figure 3-10).

A breakaway cross appears in the middle of the PDU to indicate that you must initiate your dive
recovery immediately. The breakaway cross is removed when the aircraft beginsto climb. The
breakaway crossis displayed only when the HUD determines that, with normal pilot reaction
time and anormal 4g recovery, the aircraft would bottom out with 1,000 ft or less of ground
clearance. The breakaway cross function is disabled for adive angle of less than 15 degrees.
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T-45A CONTINUOUSLY COMPUTED IMPACT POINT (CCIP)

The CCIP submode (bombs, rockets, gun) compensates for dive angle, airspeed, atitude, and
target wind to display a continuously computed impact point for the selected weapon. The CCIP
submode display provides a cruciform symbol with a pipper in the middle which depicts where
the weapon will strike if released immediately. In CCIP BOMBS only, an aiming lineis
projected above the CCIP marker to provide azimuth steering guidance (Figure 3-11). When the
pipper of the CCIP marker is over the target, press the weapons release button. Remember, the
CCIP mode is not magical. The computed impact point relies on the data entered and a smooth
tracking run to solve the bombing triangle equation.

In CCIP ROCKETS and GUN, the CCIP marker will flash when the computed slant range
exceeds 12,000 ft for rockets or 8,000 ft for gun. The technique for using CCIP beginswith a
normal roll-in. For CCIP BOMBS, place the aiming line over the target and allow the CCIP
marker to move up to the target. For CCIP ROCKETS or GUN, place the CCIP marker on the
target and hold it there. Even though the computer compensates for all rel ease parameters, except
for pipper placement, releasing near your normal parameters will improve the system’ s accuracy.
Y ou may have to adjust your release aimpoint because the actual target winds may differ from
the forecast winds you entered into the HUD.

T-45A DECLUTTER

The declutter function works the same in the air-to-ground mode as in the navigation mode.
Declutter 1 or 2 clears the |eft side of the HUD display of true airspeed, AOA, Mach, and g.
Sincetrue airspeed is referenced for release and g is referenced for recovery, declutter functions
will not be used in the air-to-ground mode.
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Figure 1-15 Declutter Modes
T-45A VIDEO CAMERA SYSTEM (VCS)

The video camera system (V CS) records the view through the HUD. The sealed video moduleis
placed in the video interface module located in the aft cockpit, right console, and is secured by
placing the locking bar in the LOCKED position. In the RECORD position, the VCR begins
recording shortly after power is applied to the aircraft. With the aft cockpit VCR switch in STBY
or OFF, the forward cockpit VCR switch controls VCR operation. The forward cockpit VCR
switch has three positions:

1. ON, VCR dtartsrecording;

2. OFF, VCR operation is controlled by the aft cockpit;

3.  AUTO, VCR starts recording when the master armament switch is set to ARM.

T-45A VCR SETUP

1. Placetheentire sealed video module in the video interface module (VIM) located in the aft
cockpit, right console, and secure it with the locking bar. Then place the aft cockpit VCR switch
in STBY or OFF as briefed.

2. Check that the forward cockpit VCR switch is set according to instructions: ON, VCR

starts recording; OFF, VCR operation is controlled by the aft cockpit; AUTO, VCR starts
recording when the master armament switch is set to ARM.
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CHAPTER TWO
T-45 PRACTICE ORDNANCE

200. INTRODUCTION

Types of Ordnance. Inthe Training Command, you will use two types of practice ordnance: the
Mark 76 (Mk 76) / BDU-33 practice bomb and, if available, the 2.75” FFAR. Practice ordnance
consists of water-sand fills that simulate the ballistics of genera -purpose bombs. Practice
ordnance possesses the same delivery characteristics as more sophisticated weapons. Training
Command ordnance simulates combat ordnance and is more than adequate to prepare you for
advanced ordnance and delivery methods. The Mk 76 simulates an Mk 82 (500 Ib.) bomb, and
2.75" rockets have been used in combat with avariety of warheads. For in depth detail on
ordnance and suspension equipment, refer to the NATOPS Chapter 22.

201. MK 76/BDU-33

The primary practice bomb carried in the training command isthe MK 76. The BDU-33 isthe
Air Force designation for the MK 76 and may be used on rare occasions. They are amost
identical and have the exact same ballistics as each other. For our intention purposes, we will
focus mainly on the MK 76.

Figure2-1 MK 76/ BDU-33 Practice Bomb Characteristics
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Figure 2-2 Smoke Charge

202. PRACTICE MULTIPLE BOMB RACK (PMBR)/BRU-38A

Figure2-3 PMBR
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The Practice Multiple Bomb Rack (PMBR) is designed to carry from one to six practice bombs.
Ordnance load-out will vary as per the MCG, however, on atypical weapons sortie the |oad-out
will be four bombs per PMBR, for atotal of eight per aircraft. The normal bomb load-out per
PMBR will bein order of release: center aft, center forward, left aft, and right aft (Figure 2-3).

Figure 2-4 Typical Bomb L oad-out

203. PREFLIGHT INSPECTION OF ORDNANCE
Careful preflight inspection of your ordnance load will help to ensure a safe and successful
flight. Use the following procedures to preflight each type of ordnance you carry in the Training
Command.
1. BOMBS

a.  All cockpit armament switches — OFF, SAFE or Normal

i.  T-45C - Check Master Armament - SAFE

ii.  T-45A - Check Master Armament — SAFE, and;
- Weapons Selector - OFF

b.  Check that the weight on wheels bypass switch lever islocked to WEIGHT ON
WHEELS position (located in the nose wheel well).

c.  Check security of the practice multiple bomb rack (PMBR) to station with safety pin
installed from right-hand side (Figure 2-5).

d. Check electrical cable (pigtail) and cannon plug secure from pylon to PMBR (Figure
2-5).
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e.  Check each bomb for security to PMBR. Y ou may grasp each bomb by nose and tail
and cautiously check for movement; slight movement should be evident. Too much
play indicates improperly attached ordnance; a bomb with no movement at all may
not drop when you release it at the target. If you are in doubt, call an ordnanceman.
Do not attempt readjustment yourself.

f.  Attherear of the PMBR, check the station selector on SAFE (Figure 2-5).

g. Check the nose of each bomb for a smoke charge secured by a cotter pin (Figure 2-6).

Figure 2-5 Station Selector on PMBR
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Figure 2-6 Secure Smoke Charge
2. ROCKETS
a  Check Master Armament switch SAFE (Figure 1-1).

b.  Check that the weight on wheels bypass switch lever islocked to WEIGHT ON
WHEELS position (located in the nose wheel well).

c.  Check security of LAU 68 launcher to station with safety pin installed from right-
hand side.

d.  Check the pigtail from the parent rack to the launcher; the cannon plug should be
disconnected.

e.  Check that the shorting pin isinstalled.

f.  Check that theintervalometer ison L (for "load"), and the mode selector switch ison
SINGLE (Figure 2-5).

g.  Check that you have the correct number of rockets according to maintenance control.

h.  Check that the foil RADHAZ shield isin place on back of pod.
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Figure 2-7 Intervalometer and Mode Selector Switch on Rocket L auncher
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CHAPTER THREE
WEAPONSDELIVERY THEORY AND PRINCIPLES

300. INTRODUCTION
Basic Weapons Delivery Theory

This chapter will discuss the theory behind Air-to-Ground weapons delivery. Flying the aircraft
to the planned release parameters increases the likelihood of success. Some of the topics covered
will be the bombing triangle and it’ s definitions, the difference between Dive Angle and Flight
Path Angle, the factors affecting trajectory, error sensitivities and finish up with Z Diagram
development and basic weaponeering.

TheBombing Triangle

The bombing triangle is created at weapons release. It is composed of altitude, slant range from
the aircraft to the target, and the down range travel of the weapon. In the Training Command,
we reference the bombing triangle which is created with release altitude, the flight path of the
aircraft, and the distance over the ground from the aircraft to the point on the ground where the
flight path intersects.

Figure 3-1 The Bombing Triangle
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If we extend the flight path up to roll-in altitude, we can reference this line as being on, below, or
above the bombing triangle. Some refer to this planned flight path as being “the wire”.

Definitions
Now let’s define afew terms associated with the bombing principles.

1. Flight Path. Thisisthe path of the aircraft. It is also defined by the Velocity Vector in the
HUD.

2. Hight Path Angle. Thisisthe angle between the horizon and the Flight Path of the aircraft.

3. DiveAngle. Thisisthe angle between the horizon and tangent line across the top of the
airspeed and atitude boxes or waterline “W”.

4. Lineof Sight. Theline created by looking directly through the HUD to the target.

Figure 3-2 Bombing Triangle Definitions
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5.  Armament Datum Line (ADL). The origination of the sight angle, it is afixed reference
line through the longitudinal axis of the aircraft that parallels the flight path at 450 KTAS. The
ADL can befound in the HUD by drawing a straight line across the top of the airspeed and
altitude boxes.

NOTE

At 450 KTAS, the Velocity Vector and ADL are equal in a zero
headwind / tailwind condition. With a headwind, the ADL will be
shallower than the Velocity Vector and with atailwind, it will be
steeper than the Velocity Vector, “crabbing” the aircraft, in a
vertical plane, to maintain the aircraft’ s vertical flight path (flight
path angle).

6. Sight Angle. Theangle (in mils) below the ADL which isthe sum of the trajectory drop,
angle of attack and parallax of a particular dive. The setting can be found on the delivery data
table.

7.  Traectory drop. The amount the weapon falls during its ballistic time of flight due to
gravity effect, measured in mils. This can be found in the delivery data table.

8. Mil. A unit of angular measurement that subtends 1 foot at 1,000 feet. It is 1/6400 of a
circle. 1 mil = 1foot at 1,000'. There are 17.45 milsto every 1 degree.

9. Timeof Fall. Thetimefrom releaseto impact.
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Figure 3-3 Aim Off Distance/ Point / Angle

10. Aim-Off Distance. The distance measured from the target to a point the flight path
intersects the ground.

11. Aim-Off Point. A ground feature or point on the ground that represents the aim off
distance.

12. Aim-Off Angle. The angle created between the flight path angle and line of sight to the
target.

13. Target Depression Angle. The angle created between the horizon and line of sight to the
target. It isthe number of degrees the target is depressed below the horizon, the sum of the flight
path angle and target placement angle.

14. Target Placement Angle (TPA). The angle between the flight path and the line of sight to
the target derived for checkpoint altitude. Ensuring the TPA is set at checkpoint altitude will
provide a reasonable weapons solution very close to planned release dtitude. If the aircraft is on
the bombing triangle, setting the TPA resultsin the Velocity Vector overlaying the Aim-Off
Point.
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15. Initial Target Placement (ITP). Theinitial placement of the Velocity Vector above the
target upon roll-out at the beginning of the tracking run.

16. Attack Cone Distance (ACD). The optimal distance (planned Z diagram) from the target
from which the roll-in maneuver is commenced. If the roll-in is accomplished on the planned
roll-in altitude, the aircraft should be established on the bombing triangle at the beginning of the
tracking run. This point is sometimes referred to as the Roll-In Point or “RIP".

Figure 3-4 Target Placement Angle

Dive Anglevs. Flight Path Angle

For the most part, when we talk dive angle we reference the Ve ocity Vector for our dive angle.
If we are targeting a 30 degree delivery, we are looking at the Velocity Vector to be on the 30
degree pitch ladder. But, thereis a difference between Flight Path and Dive Angle.

The aircraft attitude or waterline “W” is the top of the atitude and airspeed boxesin the HUD.
Thisisthe same as the aircraft’s Armament Datum Line (ADL). At 450 KTASthe Velocity
Vector isequa to the waterline.

When the aircraft istraveling in a vertical plane, a headwind or tailwind component will cause
the Dive Angle to be slightly different to the Velocity Vector.
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Figure 3-5 Calm Wind

With a headwind component in adive, the aircraft will crab vertically (up) into the wind creating
slightly more of a shallow dive than what the Velocity Vector isindicating.

Figure 3-6 Headwind Component
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With atailwind component, the aircraft will crab vertically (down) into the wind, creating
dlightly more of a steep dive than what the Velocity Vector is indicating.

Figure 3-7 Tailwind Component

Thisis one reason why a headwind causes a shallow and atailwind causes a steep. The pipper
seeks the Offset Aim Point in all cases.

Yaw

A skid or sidedlip can a'so affect the trgjectory of the weapon by causing afalse sight picture.
Unlessthe ball is centered (balanced flight), the aircraft will not be moving in the direction the
pipper islooking. So, if the ball is out to the right (the aircraft yawing to the left) when you
release a bomb with the pipper on the target, your hit will be to the right of the target.
Remember, when we rel ease the bomb from our aircraft, we are imparting the Velocity Vector to
the bomb. Minus some negligible winds between release atitude and the target, the bomb will
travel where the Velocity Vector is pointed, just that it falls below it due to drag/gravity (i.e.
trajectory drop). In contrast to bombs, which depend on the aircraft for their velocity, forward-
firing ordnance tends to travel initially in the direction it was fired, even in unbalanced flight.
How this principle can be applied for correction with rockets will be discussed later in this
section.
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Figure 3-8 Yaw

Bank Angle

Because of the depression of the sight line below the line of flight, any bank will cause afalse
sight picture. Thiserror is caused by the pendulum effect (Figure 3-9), so that if you roll to the
left, your pipper will appear to move to the right along the ground. Thus, if you release with the
pipper on target while you are in aright bank, your hit will be to the right and short.

Figure 3-9 Bank Angle
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G at Release

Proper g at rel ease depends on dive angle. For a 30-degree delivery, about 0.87 gisrequired to
maintain astraight flight path. A 10-degree dive requires aimost 1 g. A 60-degree dive (not used
in the training command) would require only 0.5 g. The mil setting for each type of delivery is
valid only at the proper g. Incorrect g at release will change the angle of attack of the ADL and
will invalidate your mil setting by causing a false sight picture. Excessive g will cause an early
sight picture. So, if you apply excessive g to obtain the proper sight picture and have all other
parameters correct, your hit will be short. Insufficient g will cause along hit. In addition,
incorrect g will have another undesirabl e effect—changing your dive angle. Proper g resultsin a
straight flight path and a constant dive angle. Too much g will shallow the dive angle, and
insufficient g will steepen it.

By simply maintaining the Velocity Vector on a specific angle will result in the proper g at
release. Common error in weapons delivery is not being properly trimmed for release and
allowing the Velocity Vector to “creep” up asthe aircraft seeks 1.0g flight.

Figure 3-10 G at Release
Factors Affecting Trajectory

For each type of weapons run you make, you will have a mil setting, which will compensate for
the extent to which aweapon will drop below your aircraft flight path. Each mil setting is
calculated so that if you release your weapon at the proper altitude, with correct airspeed, dive
angle, and g, with wings level, zero yaw, and the pipper on the target, the weapon will hit the
target, assuming no wind. However, a change in any of these parameters will affect the trajectory
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of the weapon. The effect of changing each parameter will now be considered. The following
factors are discussed from a perspective of using a Depressed Sight Line (DSL) pipper in the
T-45C manua (MAN) bombing mode.

Dive Angle

Deviations from planned dive angle will also cause afase sight picture. A steep dive will cause a
long hit and a shallow dive a short one. Changing the dive angle will change the extent to which
gravity will bend the weapon trajectory below the line of flight. Suppose you release a weapon at
adive angle of 90 degrees. Since gravity works straight down, there will be no effect on the
tragjectory. Y ou can see that a steeper angle requires asmaller mil setting; if you release steep,
your mil setting istoo large and the bomb will strike beyond the target. If you are shallow, you
need a greater mil setting, just as you do for a shallow pattern, and your hit will be short.

(Figure 3-11)

Figure 3-11 Dive AngleError
Airspeed
Any deviation from planned release airspeed will cause afase sight picture. For example, afast
release will decrease your AOA and bring the pipper short of the impact point causing along hit.

A slow release will show the pipper long and cause a short hit. Airspeed also has an effect on the
weapon time of fal. (Figure 3-12)
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Figure 3-12 Airspeed Error

Altitude

Releasing high will increase the time of fall of the weapon, and so will increase the time during
which gravity can act to bend itstrgjectory. You are also rel easing a greater distance from the
target. Therefore, if you release high, with all other parameters correct, the weapon will hit short.
Similarly, if you release low, the hit will be long. (Figure 3-13)

Figure 3-13 AltitudeError
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Error Sensitivities

In order to make proper corrections, you must know how much each error will affect your
accuracy. We have already discussed in general terms the effects of deviating from each of the
various parameters such as airspeed, dive angle and atitude. For example, we showed that adive
angle steeper than planned will cause along hit, so releasing high can compensate for a steep
dive angle.

However, in order to actually make such a correction, you must know how high to release to
compensate for each degree you are steep. In other words, for each type of run, you must know
exactly how dive angle, airspeed, and altitude affect accuracy, and how they relate to one
another. Thetable (Figure 3-14) summarizes this information and should be memorized.

This table shows, for example, that a 1-degree error in dive angle in a 30-degree bomb run will
cause your hit to be 50 feet long or short, and that a 10-knot airspeed error will have the same
effect. How these relationships can be used in arun will be discussed in the Target Tracking /
Error Corrections section.

Figure 3-14 Error Sensitivities
wind

Y ou correct for wind effects by varying your bank angle as you fly around the pattern. During
the tracking phase you will need to make adjustmentsin your roll-in point and initial aimpoint.
Wind effect on the bomb after release is corrected by the offset aimpoint you calculate. An
offset aimpoint (OAP) is a point referenced from the target where the manual pipper is placed at
release to counter the effect release altitude wind has on bomb drift during the Time of Fall. The
offset aimpoint is only referenced during manual mode deliveries. The calculation of the OAP
will be discussed in alater chapter.
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The*“Z" Diagram and Basic Weaponeering

“Z" Diagrams are presentations of pattern and weaponeering information included on briefing
boards and kneeboard cards. In the Fleet, you will be responsible for developing your own “Z”
diagram tailored to the specifics of your mission. In the Training Command, these “Z” diagrams
are prepared for you. It isimportant for you to understand the concepts of weaponeering and the
basic components of the “Z” diagram so you can apply those concepts to your follow-on fleet
aircraft training. The“Z” diagrams and terminology used in Fleet aircraft will vary dlightly from
fleet to fleet and fleet to service based on training and tactics employed. The concepts, however,
are al the same.

Weapons delivery planning always begins with the target we plan to attack. The target type will
drive the type of ordnance we bring to the fight. In Basic Conventional Weapons Delivery
(BCWD), in order to give ourselves the best opportunity to deliver that ordnance as accurately on
the target as possible, we would want to drop as close to the target as we possibly can. The
steeper the planned dive, the more accurate the hits will be due to error sensitivities.

Threat isthe next item to be considered. The threat will drive our tactics. How low can we go?
There are four reasons which determine how low we can go and why we DO NOT want to
release lower than our minimum release altitude. They are: 1) Enemy Threat, 2) Weapon
Fragmentation, 3) Weapon Arming Time (fusing time), and 4) Terrain. The most critical of these
will drive our tactics and be the determining factor of our release altitude.

Figure3-15 “Z” Diagram

First, let’s discuss Enemy Threat. As previoudly stated, the closer we can get to the target, the
more accurate we can be. However, just as we would not like to be fired upon while attacking
the enemy, the enemy does not want to be fired upon in the first place. He will set up his
defenses to prevent us from attacking, creating athreat envelope. Our job isto get as close to
that threat envelope as possible, deliver our weapons, and get ourselves back to our altitude
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sanctuary. Our target attack planning should craft a solution to avoid or minimize our time spent
in this threat envel ope, thereby increasing our chances of survivability while decreasing his.

Weapon fragmentation from the weapon exploding can reach up and damage our aircraft. We
want to plan our release as to recover the aircraft above this “frag pattern”. Weapon Arming
Time (fusing) is a safety practice to reduce the possibility of our aircraft flying into the fragments
of the weapon we just delivered. Each weapon will have some type of fusing. A timedelay is
set on our fuses, alowing usto time to maneuver the aircraft safely away from the detonation. |If
we release too low, the time of fall of the weapon is decreased, the fuse doesn’t have timeto arm,
therefore causing the weapon to “dud”’. The Mk 76 has an instantaneous type of fuse which will
cause the smoke charge to detonate upon impact.

The last threat, and most importantly to us in the Training Command, isterrain. Since enemy
threat on araked range target is highly unlikely, the Mk 76 does not explode (but may bounce or
skip), and fusing is not a factor, hitting the ground with our aircraft becomes our number one
threat and consideration. We need to plan our release as to recover the aircraft at some safe
altitude without impacting the ground.

There needs to be a fine balance between how low, how fast, and how steep our aircraft is when
defining our release point. If we release steeper and/or faster than our planned release
parameters we will be increasing the altitude lost on our recovery/pull-out from the dive, driving
us closer to the threat.

The components of the T-45C “Z” Diagram are shown in Figure 3-16. The bottom line
represents the release atitude, the diagonal line represents the flight path, and the top line
represents the pattern altitude. The dive angle/Flight Path Angleis shown aswell as an
intermediate point during the tracking run called a* Checkpoint”. The checkpoint atitudeis
calculated to be 1.5 times the rel ease altitude and is a*“ how-goes-it” point.
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Figure 3-16 T-45C “Z” Diagram Components

Release Altitude is the planned rel ease dtitude, were as the Minimum Release Altitude, or
“Zmin” Altitude, isthe“No Lower Than” release dtitude. We will strive to release with the
pipper arriving at our aimpoint as close to the planned release altitude as possible. The
minimum release altitude is just that — the absolute minimum. Releasing below the Zmin altitude
WILL NOT BE TOLERATED. Consistently releasing well below the planned release atitude
will be reflected in your grades. Y ou need to recognize a developing late sight picture,
understand what caused it and make the appropriate adjustments on subsequent runs. Releasing
below the Minimum Release Altitude is consider ed to be unsafe. The causes of late sight
pictures will be discussed in detail in the Target Tracking Section of thistext.

Release Power Setting is the power setting prior to roll-in to achieve the planned release
airspeed. Aim Off Distance (AOD) and Aim Off Angle are shown below the Power Setting.
Thisis how far past the target our Velocity Vector needs to be to compensate for the trajectory
drop of the weapon. All altitudes are shown in AGL. A spaceisalotted on the Z diagramsto
add target elevation to the AGL altitudes thereby deriving the MSL altitudes flown in the
aircraft. ACD stands for Attack Cone Distance which is the distance from the target where the
roll-in from pattern altitude begins. Thisis also referred to as the Roll-1n Point or “RIP”.

Figure 3-17 shows the T-45C “Z” diagrams used for Mk 76 bomb deliveries.
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Figure3-17 Mk 76 “Z” Diagrams
All of the Z diagrams used in the training command are a ready supplied to you, the Data

Delivery Tables and their usein developing our Training Command Z diagrams will be covered
next in the Preflight Preparation chapter.
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CHAPTER FOUR
PREFLIGHT PREPARATION

400. INTRODUCTION

It would be nice to just show up at walk time, sign for the aircraft, head out and go drop bombs.
Unfortunately, to be a professional Naval Aviator and to give yourself the best chance of mission
success, the magjority of your time will be spent on preflight preparation and mission planning.

The Marine Corps has a saying “ The more you sweat in peacetime, the less you bleed in war”.
This holds true to many aspectsin life, but it especially holds true to our aviation profession.
Being prepared for the flight will not only make you more proficient but it will make you a safer
pilot. Knowing the“why’s’ behind what we do manifests alearning environment.
Understanding our limitations breeds safety and leads us to that well known Latin-LSO saying
“rectus non bustus’. So let’stake alittle closer ook at some of the preflight preparation
expected of you during your Weapons stage of training.

In this chapter we will discuss: the Delivery Data tables; Weapons Kneeboard cards; Offset
Aimpoint calculation and determination; Safety of flight issues such as aircraft and weapons
limitations, minimum gjection atitudes, and external stores considerations; Briefing board setup
and the normal flow of the Weapons preflight brief and what you can expect.

Delivery Data Tables

Figure4-1 Delivery Data Tables
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The data delivery tables for the T-45C can be found in the end of Chapter 22 of the NATOPS.
There are afew tables at the end of the chapter so always check the headings first to ensure
you're looking at the correct one. Shown here isthe table for the MK 76 Practice bomb.

In these tables you will find sight angle settings, recovery altitudes and weapon time of fall.
The numbers in the tables are dive angle, airspeed, and release altitude specific.

For example, let’ stake a closer look at the data delivery table for the MK 76. Thisisthe primary
weapon you’ll be dropping in the aircraft.

To use this chart, first, check to ensure you're looking at the right chart. Notice at thetopitis
labeled MK 76 MOD 5/BDU 33 PRACTICE BOMB.

Second, find the delivery parameters we will be releasing the weapon. We have already
determined that we will be dropping in a 30 degree dive, 450 KTAS, at 3,000". Y ou now follow
that line across for the information you need.

The info you'll become most familiar with is Time of Fall (TOF) and Sght Angle (SA).
For our example, TOF is 6.7 and SA is 128.
TOF isused in determining our offset aim point and will be discussed later.

The Sight Angle setting is the value we use when we set our mil setting for the manual delivery
mode pipper. Notice, the sight angleis the sum of the trgjectory drop, AOA, and Paralax in
mils.

Thisinformation is displayed above our release atitude line on or Z diagrams as shown below:

Figure4-2 Information for Z Diagram
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Altitude Lossin the Recovery

The recovery atitudesin the delivery data tables indicate the * bottom out” altitudes and are
based on a straight path dive release with the following assumptions:

1.

2.

Aircraft grossweight: 13,875 Ibs.

Straight flight path release.

1.0 second pilot/aircraft response delay after weapon release.
Wingslevel, G build-up to 4 G’'sin 1.25 seconds.

15 degree flight path run-out.

Constant throttle setting during release and recovery.

Single weapon rel ease.

Sealevel target.

Standard day as given in U.S. Standard Atmosphere, 1962.

Figure4-3 AltitudeLossin the Recovery
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These assumptions are sightly generous in that we normally operate at a gross weight less than
13,875 Ibs and our response and G build up times are slightly less than that assumed. Our Z
diagram release atitudes, pattern LAW settings and Break X computations are based upon the
above information.

To find the altitude lost in the recovery, simply subtract the recovery altitude from the release
atitude. For example, in a30 degree dive, 450 KTAS, 3000 release: 3000 — 1468 = 1532’ |ost.

Valid Break X Deter mination

With the above information, we could determine our expected valid Break X indication. Aswe
previously discussed, the Break X in the HUD indicates an immediate recovery (based on above
assumptions) to have the aircraft “ bottom out” at 1000° AGL. By adding atitude lost on
recovery (1532’) to 1000" we get 2532’ AGL. With the addition of the target elevation, we can
determine the MSL altitude we could expect the Break X to first illuminate. Weapon release
should NEVER be accomplished with avalid Break X and is one of our tactical abort criteria. If
you see avalid Break X appear, you are fixating on the target and “pressing the target”. Keep
atitude in your scan. Altitude progression isfirst your planned atitude, followed by your
minimum rel ease altitude, then comes the Break X indication, followed by the LAW tone. If the
LAW tone sounds before recovery initiation, you need to immediately and aggressively abort
your run as it will have the aircraft bottom out between 200" and 400" AGL.

Offset Aim Point

The pipper of the T-45C manual delivery mode reflects where the weapon will impact the
ground on ano-wind day, at our precise release parameters. VERY rarely, will you bomb on a
no-wind or calm wind day. During your first few simulator events, you will have the conditions
of no-wind so you can concentrate on aiming and releasing “ pipper-to-bull”. In the aircraft and
on late simulator events, you will be introduced to winds.

With wind, if we aimed at the target, the wind will cause the bomb to drift away from the
intended impact point. To counter this effect, we need to place our pipper in a position into the
wind and let mother nature take its course. Thereisaformulathat can be applied to find the
distance we need to offset our aim point. Here's where knowing the Time of Fall (TOF) of our
weapon from the delivery data table comes into play.
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Figure 4-4 Offset Aim Point (OAP) Calculation
To find the Offset Aim Point (OAP) we apply the following formula:
1.7 x Weapon Time of Fall (TOF) x wind velocity at release altitude (Vwind@Rel alt)

For example: The run-in heading for the target is 045 degrees. The winds at our 30 degree
release altitude (3,000") are 315/15.

1.7 x 6.7 x 15 = 170

Applying the above formula we derive that the aim off distanceis 170'. We move 170" in the
direction INTO the wind from the target and we find our OAP. Asshown here. It isimportant
to point out this OAP is the planned OAP. Release altitude wind will change over time and may
not be the same as computed during your preflight preparation. Mentally update the OAP
calculation in flight during the Mach Run by referencing the wind on your HSI. Following your
first run, evaluate where the pipper was at release, note where the bomb hit, evaluate any errors
and adjust the OAP to make the bomb go where you want it to go —that isto HIT THE
TARGET!
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TheWepsBriefing Card

Figure4-5 TheWepsBriefing Card

Thisis an example of aWeapons Flight Kneeboard card. Refer to local standardized kneeboard
cardsfor current card in use.
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The Weps kneeboard card is made out for each Weps flight and should contain the following:

1.

2.

6.

7.

A/C lineup, callsign, Weps syllabus event.

Target Data

Other pertinent admin data

Plot the planned Offset Aim Point based on forecasted release atitude winds
Off Target Rendezvous altitudes

The Z diagrams have spaces to add MSL altitudes

Any other pertinent specific datalead briefs.

Weapons Limitations

“Dirty Harry” Callahan once said: “A man’s got to know his limitations’. Anytime you change
an aircraft configuration, it almost always changes the associated limitations to that aircraft.
Knowing the limits before flight and operating within those limitations will keep you safe and is
paramount. Here are the configurations and limitations associated with T-45C Weapons training.
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Figure 4-6 WeaponsLimitations
Limitations associated with certain configurations are obtained from this chart: airspeeds, dive
angle, release G and configuration notes. LBA stands for Limit of Basic Aircraft. Only
authorized station loading and configurations are shown. Refer to the T-45 NATOPS
Limitations section for further detail.
The primary aircraft loadout will be a pylon, PMBR and 4 Mk 76 bombs on each wing station.
Carriage. Thelimit on how fast you can you can carry the nomenclature on the aircraft.

Jettison. The maximum and minimum airspeed envel ope to jettison the PMBRs from the wing
stations by selecting (pushing) the emergency jettison button.

Release. The maximum airspeed limit to rel ease the weapon.

Acceleration G. The G limits associated with symmetrical/unsymmetrical pulls, PMBR jettison
and normal weapon rel ease.
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Maximum Dive Angle. The maximum dive attitude for a normal weapons release.

Configuration Weights. Indicates the weight of each nomenclature. Example: anormal
weapons loadout for an aircraft flight is:

PMBR: 87Ilbs. X 2 = 1741bs.
Pylon: 771bs. X 2 = 1541bs.
Mk 76: 251bs. X 8 = 200Ibs.

264 Ibs per wing station. 528 Ibs. addition to the Basic Aircraft. Ensure your preflight
performance numbers reflect the additional weight.

Aircraft Limitations

The aircraft will have other limitations associated with carrying externa stores; landings and G
limits.

Landingswith External Stores

Refer to the NATOPS Limitation section. Landing with LAU-68 rocket pod (empty or full) or
PMBR/BRU-38A (with 1 or more bombs) shall not exceed 600 fpm.
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Figure4-7 External StoresLimitations
G Limitations

Overstresses. With limited assets available and with limited human resources on the line and in
the shop, we need to preserve those assets to the best of our ability. If you fly a good pattern, the
most amount of g you should pull at any one time should be between 4.2t04.8g’'s. You should
“target” 4.0 g'son the recovery, just asin performing aloop in FAMs. Thisisthefirst timeyou
are pointing your nose at the ground, hurling yourself towards earth at 450 KTAS and 3000'.

Y ou need to know the g limits of the aircraft.

Realize, when you are traveling at this airspeed, mostly all of the overstresses derive from quick
application of back stick or “snatching” on theg. Be SMOOOOOOOQOTH with your pulls.

The g limitsin the T-45C are broken down into two maneuvering envelopes, symmetrical (wings
level) and unsymmetrical (rolling pull).

Symmetrical Maneuvering

The limits for the symmetrical maneuvering are +6.5 and -3.0 below 5,000 MSL, which isthe
regime we spend all of our time pulling our g's.
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Figure4-8 Symmetrical Maneuvering

Unsymmetrical Maneuvering

For unsymmetrical limits, or rolling pullouts, the limits are reduced to +5.0 and -0.2 g's. Thisis
abig factor in your turn to the abeam in al patterns, as well as your turn while rolling-in to the
target in the low pattern. Remember, before turning the aircraft, relax your pull, roll, then
smoothly reapply the g.
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Figure 4-9 Unsymmetrical Maneuvering
Minimum Ejection Altitudes
This chart isfound in the NATOPS and should be reviewed and understood.
Always review the notes at the bottom of the chart.
For a 30 degree dive, the minimum gjection atitudeis 650° AGL.
For a 20 degree dive, the minimum gjection atitudeis 450° AGL.
For a 10 degree dive, the minimum gjection atitudeis 200 AGL.
These are AGL altitudes and need to be converted to MSL altitudes for target elevation.

As the notes say, these are based on initiation of the g ection system, pilot reaction time is not
included.
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Know them cold.

Figure4-10 Minimum Ejection Altitudes
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Weps Briefing Boar d

The standard flight briefing will be from the standardized e-brief in the squadron spaces. When
on detachment or when the e-brief system is not available, you will have to construct a briefing
board the old fashion way. Below is an example of the items required for the Weps Briefing
Board. It isyour responsibility to ensure all information on this board is accurate and up to date.
Do not rely on previous flight boards for their accuracy.

Figure4-11 WepsBriefing Board
The Weapons Flight Preparation Procedures - Summary
The following will cover what you can expect on how the Weapons brief will take place.
Thoroughly familiarize yourself with all preceding information.
Y ou should show up to the brief with the weapons briefing board filled out (either electronically
or manually) with the line-up, A/C assignments, de-conflicted Tac Freq, and weather to include
target winds at 5k, 3k, 2k, and 1k. You should compute the offset aimpoint for the patterns you
intend to fly that day. The briefing board should have the target drawn with the respective rings

(to include run-in line and heading), OAP plotted, error sensitivities for the patterns to be flown,
and pattern diagram with position calls. Kneeboard cards will be filled out for the entire flight.
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TheBrief

The Weps lead conducts the brief for the flight. MCG requirements for each SNA will be
discussed. Flight Leads should target 45 minutes for their brief. Once the flight lead brief is
complete, each SNA will cover weapons techniques and inter-cockpit emergencies with their
respective IP's.

Accuracy isnominal on WEP-08, as long as the comm is smooth, the pattern is tight, and the
SNA actualy sees all other aircraft in the pattern. Early flights should emphasize good basic
formation, the Weps pattern, Communication, and the Off Target Rendezvous. Good hits on
target will come after the basics are mastered.

To do well in Weps, you need to break down the flight into four separate flights wrapped up into
one: Division Form, Weps, Division Form, and FCLPs.

Flight Admin
The Flight Lead will cover the following admin:

Resolve ORM/TTO issues.

Formation Composition. Callsigns, aircraft, lineup, mission/syllabus requirements, Weapons
load-out, back-ups available, succession of lead, and bump plan should be discussed. See Weps
supplement for local and detachment detailed information.

Target. Target name, coordinates, elevation, run-in, pattern direction and primary and secondary
frequencies.

Timing. Brief, walk, marshal/taxi, T/O, target times, and target No-Go.

Wesather. Forecast weather for the target areato include winds at rel ease atitude and on deck.
The OAP should be calculated for al flights. Quick Rule of Thumb, 11 ft per knot of wind in the
30 degree pattern, 10 ft per knot in the 20 degree pattern, and 9 ft per knot in the 10 degree
pattern.

Weather at divert fields.

Weather requirements (Weather No-Go): 30 degree — 10,500/5; 20 degree —8500/5; 10 degree —
4000/5.

Fuel Plan. Joker and Bingo.

COMM: Positive check-ins only. Volume control, COMM 1 T/R, COMM 2 T/R&G, tactical
Freguency, single radio plan, “Get Well” frequency and channelization.

PREFLIGHT PREPARATION 4-15



CHAPTER FOUR T-45 WEAPONS/STRIKE

Waypoint/Nav Plan. Waypoints, O/Ss, elevations, course lines, TACAN. See Weps supplement
for local and detachment detailed information.

Conduct/Sequence of Events. Post brief tasks — answer unresolved questions, ensure tapes are
re-wound, update of the weather and resolve confliction of target use.

Sequence of events are covered in the remainder of this text.

Emergencies/Contingencies. Refer to Emergency/Contingency chapter of this text.

Review Limitations. Carriage, release, jettison, overstress and error sensitivities.

Establish the Bets. Worst pays the best: 1% hit / overall hit / CEP.
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CHAPTER FIVE
GROUND OPERATIONS

500. INTRODUCTION

The Ground Operations in the Weapons stage will be, for the most part, exactly what you learned
in the Division Formation stage with the addition of ordnance preflight, setting up the A/G
STORES page after engine start, and arming procedures.

Ordnance Preflight

Refer to Chapter Two — T-45 Practice Ordnance, current NATOPS, and local directives for
detailed instructions on ordnance preflight.

A/G STORES Page Setup

Refer to Chapter One — T-45 Armament Controls and Indicators for instructions on STORES
page set-up. Generally speaking, the A/G STORES page setup is usually completed in the line
following engine start and sometime between waypoint programming and the Plane Captain
checks. Following the A/G STORES page set-up, ensure the NAV mode is selected prior to
signaling to the Plane Captain you are ready for the Plane Captain checks.

To perform the A/G STORES page set-up:

1. MFD - Select MENU / STRS/ A/G (defaultsto MAN/GUN)

2. Select either wing station / weapon combination, (i.e. left wing station / BOMB).

3. Adjust QTY to match PMBR/BRU-38/A |oad-out

4.  Select the other wing station / weapon combination (i.e. right wing station / BOMB)

5. Adjust QTY to match PMBR/BRU-38/A |oad-out

6. DEP-Adjust MIL setting for first intended pattern to be flown

7.  MFD —Select CCIP

8. TGHT —Verify / Adjust asrequired (Entry of a“+” or “-” required before elevation entry)
9. A/G Delivery Mode — Select first intended mode (i.e. MAN or CCIP)

10. NAV HUD master mode — Select
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The system is now set for your first run on the target. All that remains for weapons delivery
setup isto select A/G HUD master mode on the “Fenced In” call and place Master Arm Switch
to ARM ontherall in.

Arming Procedures

Refer to local directivesfor al arming procedures.

Thetypical sequence of the Mk 76 Arming procedures:

1. A Lead Ordnanceman will position himself in front of the aircraft and signal for you to
place your hands up.

2. Place your hands up above the canopy rail to be completely in view during weapons
arming. Hands should beidle unless a safety/emergency situation dictates.

3.  TheLead then signals to an ordnanceman under the wing to remove the Safety Pin from the
PMBR/BRU-38/A.

4.  The Ordnanceman under the wing removes the PMBR/BRU-38/A Safety Pin and places
the Station Selector to “1”. He then shows you the pin(s) he removed.

5. The Ordnanceman then hands the pins to the Lead Ordnanceman standing in front of the
aircraft.

6. The Lead Ordnanceman will indicate he has the two pins, secure them in a pouch, then pass
you off to the Plane Captain for taxi instructions.

Rocket arming will be accomplished as per local / airfield directives.

Marshalling / Taxi Procedures

Marshalling, Comm check-in, and Taxi procedures are accomplished asin Division Formation.
For special procedures/Detachment operations, refer to local course rules and directives.
Takeoff Procedures

Division Interval Takeoff procedures are the standard takeoff plan. Weather may dictate
deviations to the standard and will be accomplished as briefed by the Weapons Flight Lead.
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Figure5-1 Takeoff Procedures
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CHAPTER SIX
ENROUTE PROCEDURES

600. INTRODUCTION

The enroute procedures during the Weapons stage will be, for the most part, the same as what
you learned in Division Formation with afew exceptions. This chapter will briefly cover the
general scope of the initial join-up, cruise positioning and considerations while transiting from
the departure airfield to the target area complex.

The lnitial Join-up

Theinitial join-up will be as briefed by Lead. It could be a CV Rendezvous, a Running
Rendezvous or a combination of the two. All procedures which you have learned to date will
still apply. For many of you, the Division Formation stage was completed a good time ago.
Now isthe timeto “shake off the rust” and compartmentalize. When you are flying formation,
concentrate on formation flying. From this point forward, formation will get you TO the
mission, instead of formation BEING the mission. Y ou will be expected to perform as such and
will be held to a higher standard.

You will find adlight difference in aircraft performance on the join-up. This corresponds to the
amount of drag the aircraft has due to the bomb racks and weapons being carried. The aircraft
will slow down alittle easier, especially in the climb. So, pay attention to stagnation on the join-
up, but at the same time, don’t be overly aggressive. Be expeditious, but most importantly - Be
Safel

Regardless of the join-up Lead briefs, they all will end up with everyone joining in parade
position. Take this opportunity to complete an Integrity Check on the aircraft in front of you to
ensure there are no loose panels and all weapons remain onboard. Once EVERONE isin parade
position, Lead will signal the flight to take the cruise position.

The Cruise Position

The Advanced Stage Division Cruise position keeping varies slightly from what you’ ve
experienced in Basic Division Form Cruise in that you will be expected to remain on your
respective side during maneuvering flight. All comm check-in and check-out procedures should
be standard from previous experiences.

Once placed in the cruise position, this can be used a reminder to reset your LAW setting. Being
placed in cruise gives Lead afew more sets of eyes to scan for traffic conflicts enroute. Bein
position; however, keep the eyes scanning for VFR traffic, skydivers, and/or birds!

Now is not the time to be an over-achiever and select the A/G Master Mode prior to Lead calling
for the “Fenced In” check. Thiswill be discussed in detail in the following chapter. This
includes setting your MFD to the STORES display. At this point you should have the ADI on
the left MFD and the HSI on the right. Y ou can take this time ensure your HSI is properly
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displayed and set to the proper range scale as well as noting the wind at atitude. This may be of
some use as it applies to flying the pattern.

On your first few trips to the range, take the opportunity to see what’ s around you to build your
SA. For example: Divert airfields, landmarks/reporting points for Tower (such as being on
Detachment). Take notice to any smoke on the ground, this could give you avisual reference to
the direction of the wind on the deck.
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CHAPTER SEVEN
TARGET AREA PROCEDURES

700. INTRODUCTION

This chapter will cover the basic proceduresin the target area. It begins with the “Fenced In”
call and ends with the “Fenced Out” cal. In between, we'll cover the Mach Run, the break into
the pattern, the three different patterns with or without target waypoint distance, pattern action
points, pattern positions, pattern communications, pattern transitions, and the Off Target
Rendezvous. We'll also discuss the Pop-to-Attack pattern.

The“Fenced In” Call

Approaching the target area and over sparsely populated terrain, Lead will “Fence In” the flight.
Thistypically occurs after checking in with range control and /or the target controller. The
“Fenced In” call isasignal to the flight that your system is properly set-up and you are ready to
attack thetarget, i.e. your “combat checks’. Most of your combat checks should have been
completed on the ground with the only items remaining are to select A/G Master Mode,
configure your MFDs as desired, and place your Master Arm switch to ARM.

When Lead isready to fence the flight “In”, typically Lead will do so over Tactical frequency,
but is not limited. A typical fence-in cal is: “ (Call sign) Flight, On Tac. One Fenced-In, good
Gs, (fuel state)”. When Lead makes the call, the flight members should select the A/G Master
Mode at that time (typically by pressing the HUD Mode button on the DEP twice). When Dash
2 isready, Dash 2 calls: “ Two Fenced-in, good Gs, (fuel state).” Therest of the flight will call
“fenced-in” in order. The A/G Master Mode may also be entered viathe MFD by selecting
MENU / STRS/ A/G. The recommended MFD set-up is. Left MFD — ADI or STORES page;
Right MFD — HS.

CAUTION

Do not select A/G Master Mode prior to Lead making the “ Fenced
In” call. There have been instancesin the past when the selection
of the A/G mode caused a Mk 76 to fall from the aircraft. It's not
supposed to happen, but it did. For that reason, DO NOT select the
A/G Master Mode until Lead callsfor it. Realize, by selecting A/G
on the STORES page, you enter into the A/G Master Mode.

The weather in the target area may dictate a change to the pattern initially planned. If an audible

is caled, ensure you have the correct LAW setting and Mils (MAN delivery) for the pattern to be
flown.
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The Mach Run

The primary objective of the Mach Run isfor Lead to over-fly the target at release altitude and
airspeed and for you to trim the aircraft for release airspeed of 450 knots true.

Approaching the target area, Lead calls out the target location and advises “ setting up for the
Mach Run”. With about 45 to 90 degrees of turn to go onto the run-in heading, the flight
assumes echelon for the break.

The flight takes a double the interval cruise position. When trimming the aircraft, first trim out
the standby ball first (rudders), then aileron, and finally pitch. Once established in the pattern,
resist the urge to trim for pattern airspeed. If you do, as the aircraft acceleratesto release
airspeed in the dive, it will naturally seek the trimmed pattern airspeed causing the nose /
Velocity Vector to rise, resulting in the pipper tracking faster than optimum, thereby causing an
early sight picture or high release - ultimately resulting in a short hit. Fight the urgeto trim
while in the pattern and | et the nose seek 450 KTAS on the dive.

Figure7-1 The Mach Run

On the Mach Run, scan the release altitude wind. Thiswill give you a better indication on where
the offset aimpoint truly is, rather than just going with the OAP derived in the brief.

Recommended technique (if able) is to set the Heading Bug to the wind direction. Multiply the

wind speed by 11 for arough distance from the target for the 30-degree pattern; multiply by 10
for the 20-degree pattern, and; multiply by 9 for the 10-degree pattern. The displayed HDG Bug
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will show the direction of the Offset Aimpoint and the wind speed determines the distance from
the target. Worst case, go with the briefed OAP and adjust on subsequent runs.

Approaching the target, Lead will call out the True Airspeed, Barometric Altitude, and wind
readout from hisHSI. At thistime, verify Lead’ sinformation roughly matches theindicationsin
your cockpit. If you are more than 200’ or 20 knots off, call it out. A third aircraft should chime
in and be the tie breaker. Otherwise, silence is consent and Lead will continue with the Breaking
Maneuver.

Passing over the target, everyone should take amoment and “clear” the target, ensuring there are
no unwanted visitorsin the target area. Everyoneisa Range Safety Officer, Lead is ultimately
responsible. If you see something that does not look right, say so.

The Break into the Pattern

Slightly before the target, Lead will call out “One breaking, High (Mid/Low) Pattern”. Dash
Two maintains altitude and heading and breaks at an eight second interval for afour plane. The
break interval for athree planeisten seconds. When it’s your time to break, call out what Lead
said on his break into the pattern. For example: “Two breaking, High (Mid/Low) Pattern.”

Once thelast aircraft in the flight has called “breaking”, Lead will make his position call with
fuel state. When Two arrives at the abeam, Two will make his position call, “ Two Abeam, 2.4”
(for example). When Three arrives at the abeam, Three makesit’s position call, unless the flight
isathree plane. Thelast aircraft in the flight will hold the position call until Lead calls “ Off”,
then the norma comm cadence begins. Pattern communications will be discussed in detail |ater
on in this chapter.

Figure7-2 The Break into the Pattern
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The mechanics of breaking into the pattern is similar to the breakup and rendezvous asin
Division Form except that you'll be selecting MRT and climbing up to the pattern as well as
timing 8 to 10 seconds between aircraft. The procedureisto roll the aircraft about 45 degrees
AOB away from the echelon, then smoothly apply up to 4 g's, simultaneously select MRT and
fly the jet to the Abeam position. A good rule of thumb (technique) isto pull up to the pattern
the same number of degrees you will be going down. For example, if flying a 30 degree pattern,
nose up no greater than 30 degrees; 20 degree pattern, climb out at 20 degrees; 10 degree pattern,
no greater than 10 degrees to pattern altitude. Angle of bank and g force as required getting to a
good Abeam position. Typically, theinitial 90° of turn requires 3—4 g's, with the second 90° of
turn being a gradual reduction from 3 g'sto 1 g. Around 1000’ prior to the pattern altitude,
reduce the power (around mid range) and relax the back-stick pressure to allow the aircraft’s
noseto fall to level flight. Trade excess airspeed for atitude and fine tune basic airwork to fly
the jet to the proper pattern altitude, airspeed, and position.

The Pattern Objectives

The overall pattern objectives and the reason we fly the patternisto:

1.  Arriveat the Roll-in Point roughly 30 degrees off the run-in heading.

2. Build consistency in the Roll-in Technique leading to consistent results.

3. Last, but above all, Safety of Flight. There are severa reasons why weroll-inon a
particular run-in line, which are too many to mention at this juncture. For our administrative

purposes, we will al reference the same run-in line.

These basic objectives should be remembered when you are flying the weapons pattern.
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The T-45C Weapons Raked Range Pattern
Breaking down the pattern into action points, we can better dissect the proceduresin the pattern.
The PRIMARY objective on early simulator and aircraft eventsis pattern consistency. Hits and
target tracking are not the primary concern. Developing consistency in the pattern will lead to
getting good starts to the tracking run. Over time with practice, the basic airwork of flying the
pattern will become second nature, allowing for full concentration on refining your tracking
techniques, error corrections and pipper placement. It has been proven time and time again, the
students who master the pattern early in training end up being the best bombers overall. Take the
time to master the pattern from the beginning.
IMPORTANT NOTE

Fly theaircraft whilein the pattern. DO NOT just fly the HUD

around the pattern. The HUD and target waypoint distance

areinstruments referenced while flying the air craft around the

visual weapons pattern.
The pattern is broken down into the:
1. Abeam,
2. Turn Point,
3. Approach Turn Arc,
4.  Approaching or Power-up Point,
5. Attack Cone Distance (ACD) or Roll-In Point (RIP),
6. Tracking Time,

7.  Recovery, and

8.  Pull to the Abeam.
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Figure 7-3 The T-45C Weapons Raked Range Pattern
Let'stake alook at the patterns we will be exposed to in the Training Command.
There are three patterns flown in the Training Command. They are: the High Pattern, the Mid
Pattern and the Low Pattern. After defining each of these patterns, we'll break down the
respective action points associated with the pattern.
The“High” Pattern: 30-Degree
Pattern Altitude/Airspeed: 8,000'/250 KIAS
Abeam: 1.7-1.8
Turn Point: 2.3
Approach Turn Arc: 2.7-2.8
Attack Cone Distance (ACD): 2.3
Approaching power setting: 92% - 94%

Initial Sight Picture (1SP) and Target Placement Angle (TPA): 3° and 5° respectively
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Figure7-4 The®High” Pattern: 30-Degree
MIL Setting: 128
Release Altitude/Airspeed: 3,000'/450 KTAS
Aim Off Distance: 1188 ft. / Aim Off Angle: 7 degrees

Westher requirements: 10,500/5
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Figure7-5 The®High” Pattern: 30-Degree
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30-Degree Pattern and Z Diagrams

Figure 7-6 30-Degree Pattern and Z Diagrams
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The“Mid” Pattern: 20-Degree

The 20-degree pattern substitutes for the 30-degree pattern when the ceiling is unsuitable for 30-
degree deliveries.

Pattern Altitude/Airspeed: 6,000'/300 KIAS

Abeam: 20-2.1

Turn Point: 2.7

Approaching: 3.0-3.1

Attack Cone Distance (ACD): 2.7

Approaching power setting: 95% - 97%

Initial sight picture and TPA: 3° and 5° respectively
MIL setting: 130 mils

Release Altitude/Airspeed: 2,000 /450 KTAS

Aim Off Distance: 1541 ft. / Aim Off Angle: 7 degrees

Weather requirements: 8,500/5

Figure7-7 The“Mid” Pattern: 20-Degree
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Figure7-8 The“Mid” Pattern: 20-Degree
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20-Degree Pattern and Z Diagrams

Figure 7-9 20-Degree Pattern and Z Diagrams
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The“Low” Pattern: 10-Degree

The 10-degree pattern simulates high drag or forward firing ordnance deliveries. Because of the
higher pattern airspeed, somewhat more g and AOB will be maintained in the pattern.

Pattern Altitude/Airspeed: 2,500'/350 KIAS

Abeam: 1.8-2.0

Turn Point: 2.3

Approaching: 2.7-2.8

Attack Cone Distance (ACD): 2.2

Approaching power setting: MRT (Just prior to roll-in)
Initial Sight Picture and TPA: 2° and 4° respectively
Releaserpm: MRT

MIL setting: 117 mils Bombs/ 47 Strafe/ 26 RKTS

Release Altitude/Airspeed: 1,000’ /450KTAS (Bombs)
1,300 — 1,000 (Strafe)

Aim Off Distance: 2199 ft. / Aim Off Angle: 6 degrees

Weather requirements: 4,000/5

Figure7-10 The“Low” Pattern: 10-Degree
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Figure7-11 The“Low” Pattern: 10-Degree
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10-Degr ee Pattern and Z Diagrams

Figure 7-12 10-Degree Pattern and Z Diagrams
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701. THE PATTERN ACTION POINTS-PROCEDURES (WITH TARGET
WAYPOINT DISTANCE)

Now let’slook at the positions in the pattern and discuss the procedures of flying the pattern as
well as introduce some techniques to help you fly a more precise pattern.

The Abeam Position

Upon rolling wings-level at the abeam, the target should appear just above the canopy rail. In
the aircraft, the PMBR/BRU (or middle of wing) should bisect the target.

The Abeam position is dlightly inside Attack Cone and varies depending on the specific pattern
flown, typically between 1.8 and 2.1 nm from the target. Just asin the landing pattern,
remember, thisisavisua pattern, flown by looking out the window. The T-45C hastools at its
disposal which will enhance the visual pattern; we will use those tools to our advantage. Once
established in the pattern, upon arriving at the Abeam, we should have about a 15 degree ground
track differential from the reciprocal of the run-in line (Run-in reciprocal + 15). Arriving at the
Abeam, roll wings-level and track the reciprocal run-in heading +15 degrees to the Turn Point.
The use of the Ground Track Marker on the HSI for your heading reference will give you the
desired pattern track, creating a wind corrected track, keeping the pattern consistent over the
ground. The only time a 15° turn away at the Abeam would be required would be following the
initial break or an off-target extension.

Figure 7-13 The Abeam Position
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Ground gouge, when available, should be used to aid in pattern consistency. When arriving at
the abeam for the first time, take notice of the land feature directly below the aircraft. It could be
a T-shaped intersection of roads, small dune mounds, a pond, mountainous terrain, or just an
open area. Locating this ground feature when pulling to the abeam will help you develop the
motor skills required to build consistency on later flights.

Upon arriving at the abeam, take notice to the target position asit relates to the wing, then cross-
reference the target waypoint distance in the HUD/HSI to build an “eyeball cal” for the proper
abeam distance. Normal abeam position for the 30-degree pattern, for example, isto have the
target bisect the wing at the PMBR/BRU. If the target appears to be too far out or too closein,
cross-check the target waypoint distance to verify. Eventually, you will gain visual reference
knowledge of what a good abeam position looks like with or without a target waypoint.

The Abeam to the Turn Point

From the Abeam position, awings-level period to the turn point is maintained. If the proper
Abeam distance is achieved at the Abeam, the standard 15 degree ground track is maintained.
This ground track can be adjusted slightly based on the abeam distance achieved at the Abeam as
to arrive at the proper Turn Point over the ground.

The wings-level period lasts for about 8 — 10 seconds. During this time, the target will disappear
under the wing. With target waypoint distance available, the turn to the Approach Turn Arcis
commenced based on distance from the target. Typically, it corresponds to the same distance as
the Attack Cone Distance for the pattern flown. The distances of the Turn Point are 2.3 nm for
the 30-degree and 10-degree patterns and 2.7 nm for the 20-degree pattern.

The Turn Point

The turn to intercept the Approach Turn Arc is commenced at the Turn Point. Upon rolling into
an angle of bank, the target will once again reappear. At thistime, locate the target and place it
abeam your inside shoulder. Angle of bank is not referenced in the turn; however, around 60°
AOB — cam wind — can be used asinitial guidance to fly the aircraft to the Approach Turn Arc.
Again, thisisaVISUAL turn accomplished by referencing the target - complimented with quick
cross-checks of target waypoint distance - to verify the accuracy of the turn. Aswith the Abeam
distance, an “eyeball cal” of the Approach Turn Arc distance should be developed asto gain
knowledge of what a proper approach turn looks like visually, with or without waypoint target
distance.
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Figure 7-14 The Turn Point
The Approach Turn Arc

The Approach Turn Arc is 0.4 — 0.5 nm outside of the Attack Cone Distance or Roll-in Point.
The angle of bank will need to be varied in order to maintain the proper approach turn arc
distance. For the 30-degree and 10-degree patterns, this would equate to 2.7 — 2.8 nm from the
target. The 20-degree patternis 3.0 —3.1 nm. Common errors are to over-bank too much
resulting in a“tight” approaching position or not over-bank enough resulting in a*“ deep”
approaching position.

Strive to make thisavisual turn, placing the target on your inside shoulder and reference the
HUD waypoint distance. Ground gouge for the roll-in point will aid in developing a consistent
approach turn.

The Approaching Turn Corrections

Y ou should strive to achieve a good, consistent Approach Turn. If you find the approach turn to
be off the planned numbers due to pilot error, the Approach Turn needs to be adjusted. To adjust
for a pattern deviation:

1. If theapproach turnistoo tight (2.5—2.6 nm): Wingslevel away from the target, drive
out, then hard pull to the run-in line/roll-in point.

2. If theapproach turnistoo deep (2.9 — 3.1): Hard pull towards the roll-in point initialy,
drive wings level to run-in line/roll-in point.

Remember, the overall pattern objective isto arrive at the run-in line roughly 30° off the run-in
heading at the Attack Cone/ Roll-in Point. Anything more or less than roughly 30°, you will be
hurting yourself by either losing sight of the target initially (roll-ahead) or lose tracking time
(bringing your nose to the target), rolling out lower in the dive.
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The Approaching Turn — Adjustment for Strong Winds

Wind at altitude will affect your pattern. You will need to adjust your pattern for strong winds.
Anything less than 20 knots at atitude are considered minimal. When you start to see 30 to 40
knots or greater at altitude, minor adjustments will be required. It'svery similar to the approach
turn in the landing pattern.

A Headwind will cause you to be shallow. Move your approaching turn arc in slightly and roll-
in slightly closer to target.

A Tailwind will cause you to be steep. Move your approaching turn arc out slightly and roll-in
dightly farther away from target.

Remember, the overall pattern objective:

1.  Arriveat the Run-in line roughly 30° off the run-in heading at the Attack Cone/ Rall-in
Point.

The“ Approaching” Position — The Power-up Point

When a good pattern is flown in the simulator, the target should remain in the field of view while
on the Approach Turn Arc. Inthe aircraft, the target should always be visible. In both cases, the
target will move dightly forward of your inboard shoulder as the nose of the aircraft approaches
perpendicular to the run-in line.

Hereiswhere you set your release power setting and place the Master Arm switch to “ARM”
(with the exception of forward firing ordnance; in that case, DO NOT select Master Arm to
ARM until the noseis pointed at the target).

Figure 7-15 The* Approaching” Position — The Power-up Point
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Powering-up at the Approaching Position — The Gouge

Set the release power setting when the nose of the aircraft is perpendicular to therun-inline, i.e.
the 90° approaching position. Refrain from using the HDG bug on the HSI as a crutch to
indicate the 90° position. This only promotes head’ s down/instrument flying. A good scan
combination of the target, run-in line and roll-in point will enable you to better evaluate the pull
required for you to get the aircraft to the roll-in point. Scanning the HSI / CRS Line would only
be required in the event the target does not have a displayed Run-in Line on the ground.

AsaTechnique for setting the power: Power-up by “feel” first, place Master Arm Switch —
ARM, then fine tune power setting by checking N2 gauge. Thiswill allow for RPM spool-up
time.

Y ou should strive to be as close to pattern airspeed as possible. In the event you have deviated
from the pattern airspeed, set power based on current airspeed.

For example, in the 30° pattern: Use 94% as the base rel ease power setting for 250 KIAS, and
adjust +/- 1% for every 10 KIAS off of 250. The Z diagram calls for 92 — 94%.

250 KIAS —94% (simulator use 93% as the base)
260 KIAS —93%
240 KIAS — 95%

Be consistent with the power-up point. Set the release power setting at the same place in the
pattern every time to have some type of basis for power setting.

Note the airspeed at release — adjust as necessary on follow-on passes (1% for every 10 knots of f
450T).

One of the reasons for inaccuracy of hitsis due to slow scan development of airspeed at rel ease.
Most common error isto be too fast, causing long hits, especially in the Low Pattern.

The Approaching to the Roll-in Point

Never in the pattern can this be more emphasized to be an outside/inside scan. DO NOT fly the
aircraft exclusively referencing the instruments without referencing the target!

Extend the run-in line out visually and vary your pull to arrive at the roll-in point roughly 30° off
run-in heading. Visually, 30° off equates to the outside target ring (300" ring) touching the base
of canopy bow.

Maintain alevel turn across horizon. A common error isto let Velocity Vector sag in turn —
losing altitude, resulting in ashalow Initial Sight Picture.

If the Attack Cone Distance (ACD) is reached prior to this point (nose more than 30° off), the
approaching position was too tight. Y ou will need to commence the roll-in at the ACD or the
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result will be asteep Initial Sight Picture. This also resultsin greater altitude loss during the roll-
in, which equates to the loss of tracking timein the dive.

If the ACD is not reached at this point (nose less than 30° off), the approaching position was too
deep. Do not continue the turn past the run-in heading / the target. The choices are to either
relax the pull and slightly overshoot the run-in line or to pull to the target, roll wingslevel, drive
to ACD and perform roll-ahead. The setback of performing aroll-ahead maneuver islosing sight
of thetarget prior to commencing theroll-in.

TheRoll-In Point (RIP) or Attack Cone Distance (ACD).

The Roll-In Paint (RIP) or Attack Cone Distance (ACD) is the point at which the aircraft should
start down from pattern atitude, begin the tracking run as to have the aircraft established on the
bombing triangle or planned dive wire. Arriving at this point in space is the focus of flying the
pattern.

The Roll-In Point or Attack Cone Distance Sight Pictures

Here are two views of the same Roll-In. The picture on the left is what we see if we were
looking out the window and the picture on the right is what we seein the HUD. Notice, the nose
isabout 45° off the run-in heading of 045°. We have hit our ACD (2.3), so we must commit our
nose low and roll-in onto the target.

Figure 7-16 The Roll-In Point or Attack Cone Distance Sight Pictures

TARGET AREA PROCEDURES 7-21



CHAPTER SEVEN T-45 WEAPONS/STRIKE

TheRoll-In

At the Roll-In Point or Attack Cone Distance we begin our pull down to the target. Thisis
accomplished simply by over-banking the aircraft, placing the lift vector on the target and
pulling 15 to 17 units AOA, pulling the target through the standby compass, through the center
of the HUD (between the Airspeed and Altitude boxes).

The Lift Vector isthe top of the canopy bow. A technique for proper lift vector placement isto
use the Standby Compass light switch located on the canopy bow just above the HUD. Over-
bank, line up the standby compass with the target and smoothly pull, as shown here.

Figure 7-17 TheRoall-In

It isimportant to develop consistency in the roll-in maneuver. When attacking the target, be
smoothly aggressive. After placing the lift vector on the target, pull 15 to 17 units AOA, just
under the nibble of buffet. If you encounter “pitch-buck”, you're pulling too hard and stalling
the stabilizer. If trying to be too smooth, you'll float the pull, causing excessive adtitude lossin
the maneuver, resulting in loss of tracking time.

If upon roll-in the lift vector is placed above the target, the result will have the aircraft above the
bombing triangle (above the wire) causing a steep Initial Sight Picture (ISP).

If upon roll-in the lift vector is placed below the target, the result will have the aircraft below the
bombing triangle (below the wire) causing a shallow ISP.
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An Adaptive Roll-In technigque can be used to correct for errors at the roll-in point and will be
discussed in detail in afollow-on chapter. However, the ultimate focus of the T-45C Weapons
Stage isto develop a consistent roll-in maneuver, leading to consistent results —that being —
agood initial sight picture. Theinitial smulator events and aircraft flights will concentrate on
developing a consistent roll-in. Once consistency is proven, the adaptive roll-in technique can

be introduced and utilized.

The Roll-out

As part of the Roll-in procedure, the Roll-out onto the target begins the tracking run. By placing
the lift vector on the target on roll-in, the target will be lined up with the standby compass and
the vertical center of the HUD combiner glass. It isimportant to keep your eyes on the target as
you pull the nose of the aircraft to the target and not just focus totally on the HUD symbology.
Remember, the HUD is an instrument we look through, not at.

Asyou pull the target into the HUD combiner, the target should travel between the airspeed and
altitude boxes. Once thetarget isin between the boxes, briefly relax the pull and crisply roll
wingslevel. Thisshould line up the pipper with the target on a no-crosswind day.

With a crosswind, the above technique may not achieve the ultimate results you desire. The
ultimate goal of the Roll-out is to roll wings level with the Velocity Vector directly above the
target (2 ¥2 - 3 degrees above for straight path tracking) as well as have the target centered
verticaly in between the pitch ladders (as shown here). Simply “flying the Velocity Vector”
above the target seemsto work for most. At no time should the Velocity Vector travel below the
target on theinitial roll-out.

If you find the Velocity Vector traveled below the target, the cause was due to overbanking too

much on the roll-in (lift vector below the target). If the Velocity Vector ends up greater than 3
degrees above, you didn’t overbank enough.
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Figure 7-18 The Roll-out
For aleft hand pattern, if the Velocity Vector and pitch ladders are left of the target upon initial
roll-out, you rolled out too late or too slow. If the Velocity Vector and pitch ladders are lined up
right of the target, you rolled out too soon or too quick.
Discussion on line-up control will be covered in detail in the following chapter.
The Tracking
Target Tracking Techniques will be discussed in detail in the following chapter.
The Recovery
Pickle, Pause, Pull, then Power. Pressthe weapons release button until the release tone is heard,
pause, then begin the recovery. Release should be with 0 AOB and no lower than Z min for the
delivery being used. Pause a half a second to allow the bomb to clear the aircraft, then smoothly
apply 4 g'swings level, with a 2-3 second gradual onset. Once the nose is established in the

recovery, place the Master Arm Switch to SAFE. Once the velocity vector climbs above the
horizon, apply MRT.
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NOTE

In some Fleet aircraft, you will be told to add power prior to the
“pull” on the recovery. The T-45C does not support this technique
asit will result in excessive dtitude loss during the recovery. To
minimize the altitude loss, recover at the release power setting then
apply MRT once the nose is above the horizon.

The Pull to the Abeam

After recovery, at a pitch attitude of 10 degrees above the horizon, ensure MRT, relax g, roll to
approx. 60 degrees AOB, and initially apply 4 g's to reach the abeam position slightly inside the
cone. During theturn, you will have to locate your interval (the aircraft immediately preceding
you in the pattern). Proceduresin the event you cannot locate your interval are given later, under
"Safety." After 90 degrees of turn, maintain 2-3 g's and begin to reduce power to arrive at the
abeam position on pattern altitude and airspeed. Approaching the abeam position, the g required
should be reduced to approx. 1.5 - 2 g's. Usethis g application as areference for your turn, to
help you understand a constant g is not maintained from off target to the abeam. The proper
procedure is to fly the aircraft to the abeam position based upon the visual reference to the target,
backed up with target waypoint distance (if available). The use of abeam distance ground gouge
will aid in the development of the muscle skillsinvolved in pulling to the abeam by simply
flying the aircraft over a spot on the ground which equates to the proper pattern abeam distance.
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702. PATTERN COMMUNICATIONS (PATTERN COMM)

This portion of the chapter will discuss pattern communications. Thiswill be the first time, for
those who have yet to fly Tac Form, which you will fly in adynamic environment and talk at the
sametime. Pattern Comm is one of the four basic items your instructor will be primarily grading
you on your first three flightsin the aircraft. Communications whilein the patterniscrucia to
the safety of aWeapons flight. The old adage, “as the comms go, so goes the flight” could not
be more emphasized in this stage. To become a successful Naval Aviator you must be able to
talk and fly at the same time. Patten Comm is one of those items which can be extremely
difficult to reproduce while in the ssmulator and usually a suffering point on early aircraft flights.

During this section, we will discuss the pattern comm positions, the comm cadence and sequence
(who says what when), other standardized calls which are not part of the normal comm flow, and
lastly, the pattern transitions.

Pattern Comm: General

Pattern Comm is extremely important on early flights. Y ou want to be concentrating on the
basics on your first few aircraft flights;, Comm, Pattern, Form and OTR. Pattern Comm is tough
to duplicate in Sim due to IP constraints. Get with your buddies, walk around your living room,
ride bikes in a parking lot, or whatever it takes, but PRACTICE the comm prior to your first
flight in the aircraft!

In Weps, there are no bonus points for proper English. Drop the S's. Example “THREE” vice
“THREE'S’.

On low visibility days (i.e. 5-6 sm), it can’t be overemphasized how extremely important comm
becomes. You will be blind amost every time coming off target on your interval and Lead needs
to hear the proper callsigns of the aircraft rolling in on the target. Proper position calls
accompanied by the correct aircraft callsign enhances situational awareness (SA). When the
comm breaks down, so does the SA.

It's not a contest on how fast you can say it, it'show timely it issaid. If you speak too fast, no
one will understand aword you said. Speak calmly and clearly.

Position Calls

The position call isthe most often missed call on the early aircraft flights. In the simulator,
you'll call Abeam when you're at the Abeam and no other aircraft are in the pattern. Some Sim
P’ swill do their best to simulate the comm, but it is usualy difficult to simulate other aircraft
communication and instruct you at the same time. The best way to not missacall isto anticipate
your call when you are pulling to the Abeam. To assist you in knowing when the aircraft behind
you is caling off, try and locate the aircraft in the dive, this will enhance your overal situational
awareness in the pattern. Obviously, you need to find your interval first or take the precautions
to avoid running into your interval by executing the lost interval procedures if blind.
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The position call is based on your position in the pattern. It is associated with the location of
your aircraft in the “piece of the pie”’ at the time you make the call. The positionsin order of
flying the pattern are: Crosswind, Prior, Abeam, Past, and Approaching. Prior issometimes
confused with Approaching. Prior or Past are references to the Abeam position.

If you find yourself in between two positions, the safe bet isto call the previous position, such
as: if you find yourself between Prior and Abeam, call “ PRIOR" .

Figure7-19 Position Calls
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The Comm Cadence

There is a specific order in who says what, when they say it in the pattern. It has acadenceto it
when the pattern is flowing well. Listen up! Wait for your time to speak and only speak when
it'syour time to talk.

The one who initiates the comm sequence is the one calling “OFF, SAFE”. The " OFF, SAFE”
call isimmediately followed by the aircraft ahead of the “OFF” aircraft. The aircraft ahead of
the “OFF" aircraft callsits current position relative to the target with itsfuel state. Then the
“IN” call, with the direction the aircraft isrolling in from (such as N, NE, E, SE, S, SW, W, and
NW), can be given. If thereis someone scoring the hits, whether it's Lead, other IP's, or the
scorer on a scored range, the score usually follows the “IN” call.

Sample Comm Flow/Sequence:

FOUR: “ Four off safe.”
THREE: “ Three abeam, one point eight.”
LEAD: “Onein West.”

TARGET: “ Roger, one.”
TARGET: “Four, your hit: onefive zero at three thirty.”

If the flight isafour plane, there will always be one aircraft that remains quiet. It isthe aircraft
between the position call aircraft and the “IN” aircraft. In athree plane, there will be anatural
pause between the position call and the “IN” call. Inthiscasethe“IN” aircraft will hold its call
until it isjust about to roll-in.

Other Standard Comm Calls

Some of the other standard comm calls you will hear or possibly make while in the pattern are as
follows:

“IN” Call.
Given after the position call and includes the direction from which the aircraft isrolling
infrom. Itisthereciprocal direction of the run-in heading. “IN, (Card. Dir.), COLD”
means you have no intention of dropping on that pass.

“WINCHESTER"
The“ WINCHESTER’ call ismade onthe“IN” call on the run following your last bomb
expended. Thiscall lets Lead or the scorer know you have no more bombs remaining. In
doing so, the scorer knows not to look for anymore impacts from your aircraft. Lead
usually marks you off in some form and it helps Lead in his planning for pattern
transitions and/or Off Target Rendezvous.
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“OFF, SAFE, NO DROP”
The* OFF, SAFE, NO DROP” isagood call on to make on your “ OFF” call if you did
not drop on that pass. Thisway the scorer does not have to waist time expanding his
search looking for an impact outside the immediate target area.

“CROSSWMIND” and “ EXTENDING”
If at anytime the aircraft which calls“ CROSSMND” asit’s position call, the “ OFF”
aircraft will immediately follow the “CROSSWIND” call with “ (callsign), EXTENDING” ,
then the“IN” call can take place.

When extending off target, continue your nose up pull until your Flight Path Vector
reaches 20 degrees, pause about 2 seconds, then continue with your pull to the Abeam.
Normally, by the time you call “ EXTENDING” you can almost start your turn to the
Abeam. You DO NOT need to wait until your interval is abeam you before you begin
your pull to the Abeam.

“ SAY POS’
If you are pulling to the Abeam and you have lost sight of your interval, normal
procedure is to continue flying the pattern. DO NOT EXTEND! Continueto fly the
pattern with the exception of altitude. Remain 2,000" below the High and Mid patterns
and 1,000" below the Low pattern until at the Abeam position. If you are still blind on
your interval, call “ (your interval’s callsign) SAY POS’. If your interval responds with
“ (callsign) APPROACHING” , you are now de-conflicted by position, therefore, you can
now climb up to pattern atitude. In doing so, you will then acquire sight of your interval.
If your interval responds with “ ABEAM” or “ PRIOR’ remain in your altitude sanctuary
for lost interval, get your head on aswivel, look all around, fly your aircraft to get
established in a better position.

“ ABORT, ABORT, ABORT”
If you hear “ ABORT, ABORT, ABORT” and your nose is pointed at the target. Place the
MASTER ARM switch to the SAFE position while smultaneously, begin your off target
recovery. Have situational awareness of where you are. If someone calls“ABORT” as
you arejust rolling wings level in the dive, you might not need to be overly aggressive on
your recovery. If, however, someone sees your aircraft pressing the target and your
LAW toneis going off, get the pull on.

This leads to the proper procedure for aborting the run. If someone calls“Abort” and it is
you who needs to abort. Immediately recover the aircraft from diving nose low to either
level flight or to aslightly climbing attitude. Call “ (callsign), ABORTING” Reduce
power as required to slow to pattern airspeed, continue to fly over the target flying the
pattern track over the ground, once over the target, make your “ OFF, SAFE, (NO DROP
if applicable)” call and continue with the pattern.

“ ABORT” calls are made by aircraft other than the one in the dive. It isamost aways

for asafety of flight issue. Some things that come to mind are interlopers that
compromise safety. We have seen other aircraft (civilian) wander into the target area as
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well as people wander into the target area (motorcycles, ATV'’s). If you abort arun due
to one of the mandatory abort criteria, thereisno need to call “ ABORTING” to everyone.
Keep flying the aircraft within safe parameters, safe up the system, call “ OFF” whenitis
time to and continue to fly the pattern.

“JOKER’ and “ BINGO”
The*“ JOKER” call is madein conjunction with your position call. Lead will
acknowledge the call and have the entire flight “RESET BINGO” . Once one aircraft cals
JOKER, there should be no others calling it. One call isgood for the entire flight since
the flight can only fly as long as the aircraft with lowest fuel state.

If you hit “ BINGO” while still in the pattern, call it out at anytime. Thereisno need to
call out “ BINGO” when executing the Off Target Rendezvous. Y ou are on your way
home at that point. However, if you find yourself in a situation where you NEED to put
the needle on the nose to execute an immediate BINGO profile, call it out and do it.

Instructor Note: Have students to reset BINGO setting when they are within 100 |b of
JOKER. They should know that 1.2 for example equals “JOKER”. When they get to the
position call with 1.2, they call “JOKER” not 1.2. Y ou do not need to wait for the
BINGO to flash to report “JOKER”. If they get to the position call with less than
“JOKER” and “JOKER” has yet to be called, then they will report “JOKER MINUS
ONE (as applicable)” Also, thiswill prevent the BINGO from going off on the first run
in the 10 degree pattern and prevent an aborted run.

“IN, (Card. Dir.), CCIP”
The“IN, (Card. Dir.), CCIP” isacall to let Lead know you are dropping in the CCIP
mode. CCIP hits are not counted in your overall CEP. Some of our aircraft are not
properly boresighted and drop long, so unless you want bad hitsin your CEP, it'd be wise
to state that you are dropping in the CCIP delivery mode.

“9MO RUN, SMO RUN”
A Smo run is acondition when you have two aircraft occupying the same piece of sky
not knowing that the other aircraft isthere. The name results from two aircraft
simultaneously running on the same target or attacking the target at the same time.
Aircraft collision would be immanent. Although a Simo Run can take place at any point
in the Weps pattern, there are two places in the pattern in particular which it is more
likely to occur; those being the Abeam and the Roll-in.

A Simo Run at the Abeam occurs when the “OFF” aircraft sees an aircraft at the Abeam,
thinksit's hisinterval and pulls to the Abeam referencing that aircraft when in fact his
interval isactually Prior or Crosswind. Thisis also where calling the proper position on
your position call is crucial to Situational Awareness.
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The other place a Simo Run islikely to occur is at the Roll-in. When one aircraft fliesa
deep pattern or goes deep to avoid a cloud at the approaching, the following aircraft
either flies atight pattern or cutsinside that same cloud, the flowing aircraft is“belly up”
to thefirst aircraft and the first aircraft is looking at the target.

If you hear “SIMO RUN” while in the pattern, first step isto clear the airspace around
you. If you arein anose low attitude, level your wings and smoothly pull to a clear piece
of sky above you. Look all around and whoever called it can direct the two aircraft
involved.

703. PATTERN TRANSITIONS

The T-45C Weapons syllabus is designed to introduce to you the basic procedures and
techniques of delivering practice ordnance from a“high” diveand a“low” dive. For the
majority of the syllabus, you will be required to deliver your ordnance from the highest available
pattern. There may be times when the weather will preclude you from delivering from the
“High” pattern; therefore, the “Mid” or “Low” pattern may substitute. For this reason, and when
the weather is favorable, we practice the transition to the lower pattern on every flight. As
specified by the MCG, atypical flight will start out in the “High” pattern and transition to the
“Low” pattern.

Pattern Transitions— The Comm

There are calls made going “IN” and coming “OFF” during the pattern transition. Bottom line,
say what ONE says going in, say what ONE says coming off. Normally, to initiate the transition
of patterns from the High Pattern to the Low Pattern, lead will say “ONE, IN, (CARD. DIR.),
HIGH TO LOW, HIGH TO LOW’ followed by: “ ONE, OFF SAFE, LOW PATTERN" .
Substitute “ MID” in place of “LOW?” if transitioning from the High to the Mid pattern.

Pattern Transitions— The Procedures
You may be“ WINCHESTER” on the transition. If so, call it.

Normal recovery atitude from the 30 degree pattern is around 2,000" agl. Y our new pattern
atitudeisonly 2,500" agl; you only have 500" or so to climb. Oncethe Velocity Vector is
dlightly above the horizon (about 2 to 4 degrees), relax, roll, start the turn, reduce power and
begin adlight climb to the 10 degree pattern altitude. Once established in the pattern, a nose high
attitude of 10 degrees nose up will suffice when pulling to the abeam; i.e. the same going up asis
the same going down.

If transitioning from the High to the Mid patterns, pull to the abeam asif in the High pattern with
the exception of only 20 degrees nose up vice 30 degrees, the same as the pattern transitioning to
going down.

WATCH FOR ROLLING PULLS inthe Low pattern!!!! Thisiswhere you can easily overstress
the aircraft with rolling pulls. Always stop your roll prior to applying g on the aircraft.
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“RAM” Checks

Three major things to do when transitioning patterns:
1. Don’t climb above the new pattern altitude
2. Reset theLAW (Radalt) And

3. Reset theMilg/sight angle.

After making your position call, verify the “RAM” checks have been completed. Thisasoisa
good time (if not previously done) to update the BINGO setting to prevent the Bingo “caution”
from illuminating during the first run, causing you to abort.

704. OTHER PATTERN PROCEDURES
Fixing the Pattern Interval

To some extent asin the landing pattern, the pattern interval is adjusted during the off target pull
to the abeam. When the pattern is flowing properly with four aircraft, one aircraft is calling off
the target, hisinterval is“abeam” and the following aircraft is calling “in” and the remaining
aircraft (silent) is between the “abeam” aircraft and the “in” aircraft. If coming off target your
interval is other than “abeam”, you will need to adjust your pull to the abeam accordingly.

Normally, you will recover from the dive, come off target until your nose reaches 10° nose up,
relax, roll, pull to the abeam. If your interval cals, “Past” or “ Approaching” you will need to
start the turn to the abeam sooner, cutting down the distance or close the gap between you and
your interval. If your interval calls “Prior” or “Crosswind”, you will need to delay the turn to the
abeam to generate a bigger gap as well as prevent the two of you from meeting at the abeam at
the same time, which as previously mentioned, is a'so known as a Smo Run at the abeam.

A common technique to help you understand this concept is to use the pitch ladders as a
reference for your turn. Upon calling “off safe”, listen for the position call from your interval. If
the interval calls “past”, stop theinitial off target pull at 5° nose up, relax, roll, and pull;
“Abeam” - 10° nose up; “Prior” - 15° nose up; and “Crosswind” - 20° nose up, pause, call
“Extending” and start the turn.

Bottom line, if thereis alarge gap between you and your interval, you need to start the turn to
the abeam sooner. To increase the gap if you are tight on your interval, extend and turn later.

The Off Target Rendezvous (OTR)
During the final run, the flight lead will call “ One In cold (Card. Dir), last pass, last pass.”
Coming off target, the lead will call “ One off safe, off-target rendezvous,” and will normally

continue straight ahead while climbing to the pre-briefed rendezvous altitude and slowing to 250
KIAS. Other flight members repeat the call asthey come off target, adding to the call the total
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number of aircraft they havein sight. A typical call would be, “ Three off safe, off-target
rendezvous, two in sight.” If blind on everyone, say “ (#) off safe, off target rendezvous, Blind.”
Once sight is gained, update your status to lead until you have the required number of aircraft
preceding you in sight. Example: “ Four hasthreein sight.”

When -2 calls off, lead will begin a 250 knot, 30-degree AOB turn in a pre-briefed direction,
usually in the same direction as the pattern. Finding the lead can be a daunting task, but knowing
where to look will help you efficiently gain sight. As-2 comes off target, lead should be at the
12 o'clock to 11 o’ clock position. As -3 comes off, lead should normally be about the “prior” or
10 o' clock position. As-4 comes off, lead should normally be at the “abeam” or 9 o’ clock
position. Regardless of the number of aircraft in sight, each member of the flight climbsto their
sanctuary altitude, which is 500 ft below the preceding aircraft, and performs a standard CV
rendezvous on lead. Stay 500 ft below the preceding aircraft until fuselage alignment, bearing,
and closure are under control. Never climb above your interval during the rendezvous. Once the
preceding aircraft vacates its atitude sanctuary, the following aircraft may step up to the
preceding aircraft’s old altitude sanctuary, until everyone hasjoined. Itisnot required or isit
desired to wait until the preceding aircraft is fully joined before leaving your atitude sanctuary.

For example: During the OTR, -2 has gained fuselage alignment and relatively on bearing, -2
now can vacate its atitude sanctuary and climb to lead’s OTR altitude. Once -2 vacatesits
altitude, -3 can now step up to -2’ s old altitude and -4 to -3's old altitude, and so on, until all
aircraft have either joined or are established on bearing and atitude.

If you come off target and do not have your interval in sight, climb to your sanctuary atitude and
begin a 250 knot, 30-degree AOB turn in the direction of the flight until you regain sight. Lead
should give his position relative to target positions (prior, abeam, past, etc.) or will giveit
relative to the target waypoint (*2.3, SW”). DO NOT delay your climb while looking for your
interval.

At the rendezvous, you should have expended all your ordnance. If you have not done so, plan
on performing a Hung (unexpended) Ordnance Approach. Rockets must be released prior to the
last run as you must not fire forward into the rendezvous — the last rocket run is always cold.

Hung Ordnance Check / “ Fenced Out” Call

The hung ordnance check is made during the off-target rendezvous. On the join-up, the flight
typically joins crossing under to Parade Turn Echelon Away, asin Divison Form B&R'’s. Inthis
case, -2 will checkout lead on the cross-under; -3 checks out -2; lead checks out -4 prior to the
cross-under; and, -4 checks out -3 on the cross-under. The flight lead places the flight in cruise
at which time -2 balances the formation. Upon lead’ s command, the flight members check in and
report “ (#) Fenced Out, (Highest g pulled), (fuel state)” ; -4 adds“ Flight's Clean” or states
which aircraft have ordnance remaining. The aircraft with ordnance remaining will then
communicate to lead whether or not the ordnance remaining is actually hung or unexpended.
Thisinformation is helpful to lead’ s flight path planning, to Tower/Ground and to Maintenance
Control. Either way, in the event of ordnance on board, plan on executing a HOA/straight-in
approach.
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If for some reason the OTR precludes the flight from joining in parade turn away, such asjoining
in arunning rendezvous, it will be the responsibility of -4 to check the flight for ordnance.

It is aso important to mention, the purpose of the Hung Ordnance Check is not only for checking
each aircraft for ordnance remaining. This check is sometimes referred to as an Integrity Check.
When checking over an aircraft, you are checking for all items such as loose panels (gear pin
door, refueling panel, access panels), frag damage, and / or bird strike damage, just to name a
few.

705. POP-UP ATTACK PATTERN

There are times in combat when you will arc around the attack cone prior to rolling in, usually
while providing cover to your wingman while heis attacking. Most times, however, you will
intercept the attack cone from an ingress heading and just pass briefly through it. Y our first look
at thiswill comein the pop-up pattern, where we practice ingressing from low altitude and
popping up to the attack cone. The methods and patterns of getting to the roll-in point vary
dightly between the two “ Styles’ as described below. The objectives, dive parameters and off
target procedures all remain the same.

“Navy Style’ 30/30 Pop-to-Attack Pattern

Unlike the standard weapons pattern, the pop-up pattern is along racetrack pattern. The pattern
is1,000 AGL. When initially entering the pattern, wingmen will perform alevel break at al5-
second interval to provide extra spacing in the pattern. The abeam position will be slightly wider
than the standard 2 miles. At the beam, track outbound on the reciprocal of the run-in heading for
35-40 seconds. Perform alevel 90-degree turn towards the run-in line and roll out. Approaching
the run-in line, add power to MRT and execute a 15-17 unit level turn inbound to arrive over the
run-in line with the target approximately 4 miles off the nose. Adjust altitude to ingress toward
the target at 700-1,000 AGL. Do not arm the Master Arm switch until your nose is pointed at the
target!
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Figure 7-20 “Navy Style” 30/30 Pop-to-Attack Pattern
“Navy Style” Pop M echanics

The pop is designed to quickly elevate you from ingress altitude to roll-in altitude. The pop is
offset to one side so that you can keep the target in sight while climbing. To perform the pop,
ingress to the target level at 700-1,000 AGL. At approximately 2.5 nm, the target will be about 5
degrees down in your HUD. With the power still at MRT, roll 30 AOB away from the pattern
and pull the nose 30 degrees up using al7-unit pull. Thiswill generate approximately 30 degrees
of heading change. Reaching 30 degrees nose up, roll wings level in the climb and quickly
reacquire the target. Passing 2,000 AGL, roll to put your lift vector on the target and pull down
to establish the aircraft in a 10-degree dive. The amount of time between rolling wings level in
the climb and initiating your pull down into the target is only afew seconds. This maneuver
should put you in astandard 10-degree dive toward the target over the run-in line.

“Marine Style” 30/30 Pop-to-Attack Pattern
The“Marine Style” Pop Pattern differs dightly than the “Navy Style” Pop Pattern in that the

Final Attack Heading to the target will attempt to be as close to the Run-In Line as possible, vice
beginning the run on the Run-In Line and popping/offsetting off it.
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The “Marine Style” Pop Pattern somewhat resembles the standard weapons pattern, with the
exception the pop-up pattern has alonger downwind leg from the abeam. The pattern atitudeis
1,000 AGL. When initially entering the pattern, wingmen will perform alevel bresk at a
15-second interval to provide extra spacing in the pattern. Initially out of the break, parallel the
run-in line until at the abeam. The abeam position will be close to the standard abeam distance
of the 10 degree pattern - around 2 nm. At the abeam, track outbound on the reciprocal of the
run-in heading plus 15 degrees (rounded to the nearest 5 degrees), utilizing the Ground Track
Marker to provide awind corrected ground track. Continue this ground track to 4.0 nm from the
target (without target waypoint distance timing is required for 35-40 seconds from the abeam).
Perform a 12 unit AOA level 90-degree turn towards the run-in line and roll out for about 2
seconds to clear the turn. Add power to MRT and execute a 12 unit AOA level turn inbound to
place the target on the nose approximately 4 nm. Adjust altitude to ingress toward the target at
700-1,000 AGL. Do not arm the Master Arm switch until your nose is pointed at the target!

“Marine Style” Pop Mechanics

The pop is designed to quickly elevate you from ingress altitude to roll-in altitude. The
advantage of the “Marine Style” pop isthe ability to keep the target areain sight throughout the
entire maneuver. To perform the pop, ingressto the target level at 700-1,000 AGL. At
approximately 3.3 nm, with the power still at MRT, perform alevel 30° turn away from the
pattern, roll wings level, briefly pause and pull the nose up (smoothly, but aggressively) to 30
degreesusing a4 g/ 17 unit pull. Reaching 30 degrees nose up, cross-check the target and run-in
line. Passing 1,900 AGL, roll to put your lift vector on the target and pull down to establish the
aircraft in a 10-degree dive. The amount of time between the climb and initiating your pull down
into the target is only a few seconds. This maneuver should put you in a standard 10-degree dive
toward the target over the run-in line. Adjust the pop distance as required on subsequent runsto
get as close to the planned release flight path angle of 10 degrees.

“Marine Style” Pop-to-Attack Z Diagram and Pattern

Figure 7-21 “Marine Style” Pop-to-Attack Z Diagram and Pattern
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Figure 7-22 “Marine Style’ Pop-to-Attack Z Diagram and Pattern
Contingency “Marine Style” Pop-to-Attack Z Diagrams
There may come atime when you are range-space limited and cannot achieve a450 KTAS at

release. Here are some additional Z diagrams for the use for your target attack planning
pUrposes:
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Figure 7-23 Contingency “Marine Style” Pop-to-Attack Z Diagrams
Target Tracking

Therest of the run is conducted exactly like your low pattern run-ins, except that during your
pop-up sorties you will be bombing using CCIP mode. In CCIP, the computer will help you
correct for any deviationsin dive angle, airspeed, and release atitude; however, the closer you
are to the planned parameters, and the smoother you fly, the better hits you will get. Do not just
“dimeit in there” and hope that the computer will do all the work for you or your hits will
suffer. Any significant longitudinal stick inputs during the final seconds of the tracking run are
likely to cause large deviations in your hits. Fuel can be critical on these events so make every
run count.
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Off-Target

After release, recover straight ahead to 1,000 AGL, make your off call, and perform alevel 2-3 g
turn to the abeam at 1,000 AGL. Adjust for gapsin the pattern by “ cutting the corner” during the
turn to the abeam or extending slightly if you are too close to your interval.

706. COMMS

In the pop-up pattern you will use the same calls you made in the standard weapons pattern but
with the addition of the “downwind,” “turning in,” and “popping” positions. The aircraft coming
off-target initiates the sequence with his* off” call, and the interval follows with his* abeam”
call. Due to the extended spacing in the pop-up pattern, the interval will normally be past abeam
or downwind. The aircraft coming in will call “turningin,” “ popping,” or “in Card Dir” as

appropriate.
Example Pop-Up COMM

THREE: “ Three off safe’

TWO: “ Two downwind, 1.6”

FOUR: “ 4, Popping”

FOUR: “4in Card Dir.”

TARGET: “ Roger 4, three your hit one two two at nine”

De-Confliction/Lost | nterval/L ame Duck

Dueto the low altitude of the pattern and the extended interval between aircraft, de-conflictionin
the pop-up pattern is done primarily viacomm. If your interval is prior to the abeam when you
call off, you should extend off-target to increase your separation. If you don’t have sight of your
interval during the turn to the abeam, climb above 1,500 AGL. Rolling out abeam, if you still
don’'t have your interval in sight, ask for his posit. Once sight/SA is regained, descend wings
level back down to pattern atitude. Do not descend in aturn. Asin the low weapons pattern, the
lame duck pattern will be flown 1,000 ft above the briefed off-target rendezvous altitude.

Off-Target Rendezvous
Procedures for the off-target rendezvous are identical to those for your previous weapons sorties.
Y ou should realize, however, that due to the increased interval in the pop-up pattern, you can

expect to have to work off alot more angles during the rendezvous because lead will be further
around the turn circle than usual.
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CHAPTER EIGHT
DELIVERY PROCEDURESAND TRACKING TECHNIQUES

800. INTRODUCTION

In this section we'll cover the Attack Cone and Attack Cone Distance or Roll-In Point, review
the Z Diagram, and introduce target depression angles, initial sight pictures, setting the target
placement angle and basic target tracking techniques.

The Attack Cone Distance (ACD) or Roll-in Paint (RIP)

Depending on the community you go to or the background of your instructor, you will hear these
terms used synonymously. The Attack Cone is the shape which is created based on the aircraft’s
altitude and distance from the target which at any given point on the cone, the aircraft can roll in
and establish the planned dive angle. In alow threat environment, one, two, three or four aircraft
can literally arc around the target on this cone and could take turnsrolling in and delivering
ordnance onto atarget. The only time this can be performed isin alow threat type of
environment aswell asin atraining type of environment. Thisisamost never used in any type
of tactical scenario.

Figure8-1 The Attack Cone and Attack Cone Distance
The distance from the target if aroll-in is commenced at the planned roll-in atitude resulting in

the planned dive angleis called the Attack Cone Distance (ACD). The AV-8B community still
references the Attack Cone and Attack Cone Distance as does our training and Z diagrams.

DELIVERY PROCEDURESAND TRACKING TECHNIQUES 8-1



CHAPTER EIGHT T-45 WEAPONS/STRIKE

In the F/A-18 community, the Attack Cone Distance is referred to as the Roll-In Point or “RIP”.
The Roll-In Point iswhat it sounds like, the point at which you roll in on the target based on your
altitude, the distance from the target, resulting in being on the planned dive angle. Attack Cone
Distance and Roll-in Point are terms which can be used interchangeably.

The Z Diagram Review

As previoudly discussed in Weapons Theory, the Z diagram represents our “plan of attack” on
the target. It iscomprised of: the pattern atitude on the top, the PLANNED dive angle, the
checkpoint atitude (which is 1.5 times your release altitude), and your planned release altitude.

Hereisthe 30 degree pattern Z diagram and associated parameters.

Figure8-2 Z Diagram Review
The Pattern Objective: Consistency

One of the primary objectives for your Weapons training is to build a consistent Roll-In leading
to consistent results of a good initia sight picture. To excel in the Weps stage of training, being
consistent in the pattern is acrucial el ement to your early success. There are three basic
variablesto the roll-in which resultsin agood start to your tracking run. Just like flying the ball
and in the landing pattern, if you have three variables, by keeping two of them consistent and
adjusting the third will get you the results you desire. Our GOAL on our roll-inisto get to a
good Initial Sight Picture (ISP).
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The three variables on our roll-in are:

1. Altitude,

2. Theroll-in maneuver, and

3. Theroll-in distance (or Attack Cone Distance (ACD)).

By keeping two of the three variables constant, we can adjust the remaining one to achieve our
goal of agood initial sight picture. Being ON the planned pattern altitude, keep our roll-in

maneuver the same, then all that remainsisto adjust the roll-in distance at which we commit our
nose to the target.

Figure 8-3 Roll-In Components
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Target Depression on the Tracking Run

Before getting into what a good Initial Sight Pictureis, we must first discuss the Target
Depression Angle and understand the target will move down the pitch ladders as we progress
from the roll-in atitude through the checkpoint and to the release atitude. The Target
Depression Angle is the angle between the horizon and the Line of Sight to the target. Simply
stated, it isthe location of the target as it appears on the pitch ladders looking through the HUD.
To further explain this, Figure 8-4 is an example of what is called the straight path target tracking
technique, the most basic of all tracking techniques and the one most often used in fleet aircraft.

Notice in Figure 8-4, the Velocity Vector isinitially placed 2 %2 to 3 degrees above the target
immediately upon rolling wings-level at the beginning of the tracking run. The RESULTANT
flight path angle which is created by doing so is then maintained for the rest of the tracking run
until release altitude. The target will gradually become more depressed below the Velocity
Vector as you proceed to the checkpoint altitude. At the checkpoint altitude (4,500 in this case),
with no headwind or tailwind component, the target will be 5 degrees depressed below the
Velocity Vector. Continuing on to release, the target ends up being 7 degrees depressed. In the
T-45C, the important angles we are concerned with are the initial target placement (ITP) and the
checkpoint (TPA) angles, the 3 and the 5 in this case respectively. The angle at release, called
the Aim Off Angle is the least important due to the fact your concentration at that point should be
on the pipper overlaying the aimpoint.

The most crucia point during this entire run is the Target Placement Angle at the checkpoint.

Asshown in Figure 8-4, if by placing our Velocity Vector 3 degrees above the target at 7,000
agl resulted in the Velocity Vector being on the 30 degree pitch ladder, the target would be 33
degrees depressed from the horizon; around the 33 degree location on the pitch ladders. By
maintaining the resultant Flight Path Angle achieved at the roll-in, the target becomes 5 degrees
depressed below the Velocity Vector; the target will be 35 degrees depressed at the checkpoint
atitude. At release, it becomes 37 degrees depressed below the horizon. By maintaining the
Velocity Vector above the target, the target will continue to depress as you get closer to the
ground.
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Figure 8-4 Target Depression Angles

Now with that said, let’slook at what a good Initial Sight Picture (1SP) looks like in your HUD
at theinitial roll-out at the beginning of the dive bombing run.

The Roll-in Objective: A Good Initial Sight Picture

Using the 30 degree bombing pattern, the pattern altitude is 8,000" agl. If performed correctly,
you should only lose about 1,000" to 1,200’ on your roll-in maneuver. Y ou should be rolling out
wings level on the target around 7,000 agl. If you are seeing more aong the lines of 6,500 to
6,000 consistently, then you are hurting yourself because you are losing valuable tracking time,
AND, the 3 degrees depressed isONLY VALID at 7,000’ agl, not 5,000 agl.

The purpose of the Initial Sight Picture is to determine how well you accomplished the roll-in.

Just like when flying the pattern your GOAL was to get to a good roll-in position; your GOAL
on your roll-inisto get to a GOOD Initial Sight Picture.
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Figure8-5 Initial Sight Picture
Hereiswhat agood initial sight picture looks like. Notice by placing the Velocity Vector 3
degrees above the target at 7,000' mdl, it results in the planned flight path angle of 30 degrees.
Notice the target is 33 degrees depressed.

Initial Sight Pictures

Figure 8-6 Shallow/Good/Steep Initial Sight Pictures

There are three types of Initial Sight Pictures. They are either: Shallow, Good, or Steep. Just
looking at the target in relation to the pitch ladders, notice the figure on the left shows the target
laying closer to the 30 degree pitch ladder or less than 3 degrees depressed from the planned dive
angle. Thisiscalled aShallow Initial Sight Picture. The figure in the middle shows the target
pretty much half way between the 30 and 35-degree pitch ladder or 2 %2 to 3 degrees depressed
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from the 30-degree (planned) dive angle. Thisiscalled aGood Initial Sight Picture. Finaly, the
figure on the right displays the target lying closer to the 35 degree pitch ladder or more than 3
degrees depressed from the planned dive angle. Thisiscalled a Steep Initial Sight Picture.

Note that in all of these cases, the sight pictures can be determined by simply placing the
Velocity Vector 3 degrees above the target and the resultant flight path angle determines if you
are shallow, good, or steep referenced to the planned dive angle.

Initial Sight Picture—The Goal
As previoudly stated, the GOAL of your roll-in isto get to a GOOD Initial Sight Picture.

If the Initial Sight Picture (ISP) is other than GOOD, you need to understand what caused a
Steep or Shallow ISP and make adjustments on subsequent runs.

By keeping your pattern altitude and roll-in technique consistent, moving the ACD (Roll-In
Point) in or out will get you to that GOOD Initial Sight Picture. Now let’s take alook at the
causes of Steep or Shallow ISP.

Causes of a Steep or Shallow ISP

As previoudly discussed, there are 3 variablesin theroll-in: Altitude, Roll-in Technique, and the
Attack Cone Distance (Roll-in Point). Asshown here, if werolled in at our planned roll-in
altitude, committed our nose down to the target (rolled IN on the target) by over-banking,
placing the lift vector on the target, pulling 15 to 17 units AOA, and rolled in at the planned
distance from the target (ACD / RIP), we should be on our planned Flight Path Angle. Thisis
also referred to as being “ on the bombing triangle” or “on the wire”.
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Figure8-7 Causes of a Steep or Shallow (2 graphics)

Any deviations from those variables which cause your aircraft to be above the planned “wire”
will cause you to obtain a STEEP Initial Sight Picture. Likewise, any deviation which causes
you to be below the “wire” will cause you to obtain aSHALLOW Initial Sight Picture. Let's
look at the causes of a Shallow.

Causes of a Shallow Initial Sight Picture

First variable is Altitude. If you begin your roll-in below your planned roll-in atitude, at the
correct ACD, this puts you below the “wire”. Thisiscommon early on in the Sims and first few
flightsin the jet. Usualy it happensjust prior to theroll-in, if you allow the Velocity Vector to
“sag” in the approach turn. Instead of rolling in at 8,000 agl, you roll inat 7,700 agl. Thiswill
lead you to a shallow.

Second isthe Roll-in Technigue. If you over-bank too far, placing the lift vector well below the
target, you are pulling the aircraft below the “wire”, leading to a shallow. Over-bank; place the
standby compass on the target and pull. Resist the tendency of allowing the Velocity Vector to
go below the target upon initial roll-out.

8-8 DELIVERY PROCEDURESAND TRACKING TECHNIQUES



T-45 WEAPONS/STRIKE CHAPTER EIGHT

Figure 8-8 Causes of a Shallow ISP

And finally we have the Attack Cone Distance (ACD). Thisisthe distance (nm) from the target at
which we over-bank and commit our nose low to the target. If weroll-in too far away from the
target, it will result in a Shallow ISP.

To best way to fix the Shallow ISP is understand what caused the Shallow in thefirst place. Just
like in the landing pattern, we don’t want to fly the whole hop getting “low ball starts’. You
NEED to fix it on follow-on passes. If we keep our pattern altitude consistent and our roll-in
consistent, then the only other variable which remainsisto roll-in closer to thetarget. Thiswill
get you to the good I1SP.

Effect of a Shallow and Corrections for a Shallow

The effects of ashallow dive will lead you to alate sight picture or LOW release. The correction
iseither to add power and go faster, releasing on altitude; or just prior to release altitude,
smoothly adjust the pipper past the aimpoint (50" per degree past the aimpoint for the 30 and 20
degree patterns; 80" past for the 10 degree pattern) and pickle on atitude. In the 10 degree
pattern, correcting by going faster is not an option, since our power setting is already set to MRT.
The options available are either aim past your aimpoint or abort your run. See the error
sensitivities for details.

HOWEVER, TAKE NOTE!!! RELEASING LOW TO CORRECT FOR A SHALLOW ISNOT
ACCEPTABLE!!! Releasing with avalid Break X could constitute an unsatisfactory grade.
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Abort Criteriafor a Shallow Initial Sight Picture

If the ISP shows the target above the 30 degree pitch line or your Velocity Vector is shallower
than 28 degrees (27 or less). Do not attempt to release on that pass. Just realized that if you are
3 degrees shallow, it will cause you to get alate release solution (pipper arrives at the aimpoint)
100’ low for every degree shallow. Inthiscase, 300’ low. You will get aBreak X appearing
very closeto that. DO NOT fixate on the target and release low. Shallows lead to alate sight
picture/late weapons rel ease solution and will cause you to release low. Understand what caused
you to be that far shallow and FIX I T on the next run.

Figure 8-9 Too Shallow — Abort
Causes of a Steep Initial Sight Picture
Now let’slook at the causes of a steep initial sight picture. Reviewing the three variables of the

roll-in which are Altitude, Roll-in Technique, and Attack Cone Distance (or Roll-in Point), just
the opposite of ashallow istrue for a steep.
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Figure8-10 Causesof a Steep ISP

Again, thefirst variable we'll addressis Altitude. 1f you begin your roll-in above your planned
roll-in altitude, at the correct ACD, this puts you above the “wire”. Thisiscommon early onin
the Sims and it occurs due to poor basic airwork in the pattern. Most common error of altitudeis
in the approach turn while looking at the target/run-in line and pulling to the Attack Cone, the
aircraft beginsto climb. Instead of rolling in at 8,000 agl, theroll-in occurs at 8,200 agl. This
will lead you to a steep. Y ou NEED to be looking out the window at the target in the approach
turn, but you also need to be referencing your altitude while in the turn. Be on altitude and keep
the Ve ocity Vector level “on the horizon” in the turn.

Second isthe Roll-in Technigue. If you don’t over-bank enough, place the lift vector well above
the target, or float the pull-down (not enough AOA), you are pulling the aircraft above the
“wire”, leading to a steep. Over-bank; place the standby compass on the target and pull. Avoid
letting the Velocity Vector go more than 5 degrees above the target upon initial roll-out. You
should strive to roll-out with the Velocity Vector 3 degrees above the target.

And finally we have the Attack Cone Distance (ACD). If we are on our altitude and our roll-in
maneuver performed correctly, rolling-in too close to the target it will result in a steep I1SP.

To best way to fix the steep ISP is understand what caused the steep in the first place. Just like
in the landing pattern, we don’t want to fly the whole hop getting “high ball starts’. You NEED
to fix it on follow-on passes. If we keep our pattern atitude consistent and our roll-in consistent,
then the only other variable which remainsisto roll-in farther away from the target. Thiswill
get you to the good ISP on the next pass.
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Effect of a Steep and Correctionsfor a Steep

A steep dive will result in an early weapons release solution or high release. The correctionisto
release when the pipper arrives at the aimpoint, which will be 100" high for every degree steep.
See the bomb error sensitivities below, slight difference for the 10 degree pattern versus the 20
and 30 degree patterns. In the 10 degree pattern, the pipper will arrive at the aimpoint 70’ high
for every degree steep.

Since a steep will cause you to release high, thisis better than releasing low. So if you were to
error, error to being on the steep side. Releasing high will increase your foot/mil dispersion,
thereby decreasing your accuracy and chances in getting a“Bullseye”. Striveto achieve being
on the planned dive angle which will lead you to being closer to your planned rel ease altitude.

T-45C / Mk 76 Error Sensitivities:

Impact Error/
Dive Angle Airspeed Altitude Pipper Correction
30 degree: +/- 1 deg = +/- 10 kts = +/- 100 ft = 50" error
20 degree: +/- 1 deg = +/- 10 kts = +/- 100 ft = 50" error
10 degree: +/- 1 deg = +/- 10 kts = +/- 70 ft = 80’ error

Abort Criteriafor a Steep Initial Sight Picture

If there is atime when the ISP shows the target bel ow the 35 degree pitch line or your Velocity
Vector is steeper than 32 degrees. Do not attempt to release on that pass. Just realized that if
you are steep, it will cause you to get an early release solution (pipper arrives at the aimpoint)

Figure 8-11 Too Steep - Abort
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100’ high for every degree steep. In this case, 300" high. Although deemed to be safein
releasing high, your accuracy will be slightly degraded. Steeps lead to an early sight
picture/early weapons rel ease solution and will cause you to release high. Understand what
caused you to be that far steep and EIX I T on the next run.

Wind Effect on the Roll-in ACD

Remember, the Z diagram and pattern distances are based on ano wind condition, with the
exception to the Abeam distance. A tailwind at altitude will cause the aircraft to be blown
towards the target faster, therefore requiring you to roll-in slightly farther out than planned. The
oppositeistrue for a headwind; you will need to roll-in slightly closer to the target. The
approaching arc distance also needs to be adjusted to compensate for the approach turn.
Typicaly, adjust the pattern numbers 0.1 nm for headwind/tailwind component above 25 knots.

Thisis one of the reasons atailwind causes a steep and a headwind causes a shallow. The effect
wind has on your dive will be discussed in more detail later in this chapter.

O

Figure8-12 Z Diagram
Thelnitial Sight Picture- Review
The Initial Sight Pictureisonly used to evaluate how well you accomplished theroll-in. If your
ISP is anything other than good, you need to understand what caused you to be either steep or

shallow. By keeping your atitude and roll-in technique consistent, you can then adjust your
ACD or Roll-in Point to get you to that good ISP you are seeking.
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A good ISP for the 30 and 20 degree patternsis 2 2 to 3 degrees depressed from your planned
dive angle (32 ¥2to 33 and 22 Y2 to 23 degrees respectively). For the 10 degree patterniitis
closer to 2 to 2 %2 degrees depressed (12 to 12 %4 degrees).

Just like in the landing pattern, a good start equals a good tracking run which in turn equals good
hits. The fewer corrections you need to make in the dive the more you can scan altitude,
airspeed, line-up, Target Placement Angle at the checkpoint, and pipper placement at release.
Thiswill lead to your hits being grouped closer to the intended impact point.

Finally, the ISP is only valid upon initia roll-out onto the target with minimal loss of atitude in
theroll-in.

Initial Sight Picture, Velocity Vector Placement and Line-Up Guidance

When selecting the A/G HUD Mode, the HUD initializes to the UNCAGED mode. THISISA
GOOD THING! In the uncaged HUD mode, the Vel ocity Vector and pitch ladders show where
the aircraft is actually going. The Pipper, Altitude and Airspeed boxes are fixed locations on the
HUD.

When we release the bomb by pressing the “pickle” button, we are essentially taking the
Velocity Vector and placing it on the bomb. Due to the fact the bomb does not have a Rolls
Royce engine strapped to it set at 94%, it will fall below the Velocity Vector a certain number of
mils (128 milsin our case) due to Trajectory Drop. Thisisthe distinct advantage we have in the
T-45C which isnot in the T-45A. We use this for our line-up guidance.

Figure8-13 T-45C Uncaged HUD
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On this tracking run you will see the Velocity Vector is placed close to the 12:00 position,
relative to the target as you are seeing it, not relative to the run-in line on the ground. Here, the
run-in line was slightly overshot. By placing the Velocity Vector above the target asit is seen
will ensure the bomb falling on an imaginary plumb line which falls directly below the Velocity
Vector and in between the inner tick marks of the pitch ladders. Thislinewill be visiblein the
CCIP délivery mode and is called the Bomb Fall Line or BFL and is used in determining line-up
in the CCIP mode. Inthe MANUAL delivery mode, you should strive to fly the jet in a manner
that placesthe TARGET (the Bullseye) directly in between the inner tick marks of the 35 degree
pitch ladder (or the respective 5 degree pitch ladder below your intended planned dive angle).
Thiswill lead to your pipper seeking the proper aimpoint (offset aimpoint with winds) at release.
By using the Velocity Vector in the uncaged mode for line-up, we solve for the 3:00 — 9:00
portion of our hits.

NOTE

As shown in Figure 8-15, there is no need to correct back to the

run-in line if you are within the Abort Criteria of plus or minus 15

degrees of the run-in heading. Run-in Line 045 degrees.
Use the pitch ladders and Velocity Vector for your line-up guidance, not the pipper mil rings.
Thiswill become VERY apparent on high crosswind days and will help you better in placing
your bombs on target. All of your hits should be on the 12:00 to 6:00 line.
Now let’stalk about setting the Target Placement Angle and Checkpoint Altitude.
Target Placement Angle (TPA)

Target Placement Angle or TPA, is defined as the Angle between the Velocity Vector and the
target.

Figure 8-14 TPA —On Planned Dive
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Figure 8-15 TPA - Slightly Shallow Dive
TPA for the T-45C is 5° for 30° and 20° pattern; 4° for 10° pattern.
The Velocity Vector placed 5 degrees above the TARGET. Not the offset aimpoint.
Resultant FPA isthen maintained to release.
The Checkpoint Altitude: Setting the Target Placement Angle

The Checkpoint Altitude isa“how goesit” and a correction atitude. Thisisthe point in the dive
we ensure our Velocity Vector is placed a certain number of degrees above the target so that our
pipper arrives at the aimpoint close to our planned release dtitude. It is also the point where our
last second corrections need to be applied if we have errors to the PLANNED dive parameters.

The Target Placement Angle (TPA) is set at the checkpoint atitude, not after. As previously
stated, the TPA is the angle (measured in degrees) between the Velocity Vector and the target.
The TPA for the 30 and 20 degree divesis 5 degrees and for the 10 degree dive, it is 4 degrees.

ITISEXTREMELY IMPORTANT to set the TPA at checkpoint and not just the planned dive
angle. No ATTEMPT should be made to set the planned dive angle without first respect of the
TPA. Set the TPA and accept the resultant FPA which it givesyou. If you are off the planned
dive by one degree or less, hold what you have and release on pipper placement. Being off your
planned dive angle by one degree or less will cause you to get less than 100’ high or low release
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sight picture in the 30 and 20 degree patterns and 70’ high or low in the 10 degree pattern. At
the rate and speeds of descent on the run, seeing 100’ high or low at release may be difficult to
determine. The exact release altitude will be apparent during HUD tape review or during
simulator events, however, where the “freeze on release” function is utilized. The importance of
recognizing a shallow will equate to alate sight picture/low release cannot be over emphasized.
Do NOT pressthe run below 100’ in any case. If setting the TPA at checkpoint yields between
one degree and 3 degrees steep or shallow, make the appropriate error corrections. More than 3
degrees off, do not drop, abort the run. But FIX IT on the next pass.

Thisis an example of what a good TPA looks like at the checkpoint. Results in about %2 degree
shallow.

A good technique in determining 5 degrees above the target is to use the pitch ladders. Since
there are exactly 5 degrees between the pitch ladders, wherever the target liesin relation to the
35 degree pitch ladder, place the Velocity Vector the same relation to the 30 degree pitch ladder.
For example: If the target lies dightly above the 35 degree pitch ladder, place the Velocity
Vector dightly above the 30 (shallow). If the target lies slightly below the 35, place the Velocity
Vector dightly below the 30 (steep).

Once again, NO ATTEMPT should be made to just set the planned dive angle without respect to
the TPA!

Figure 8-16 Checkpoint - TPA

DELIVERY PROCEDURESAND TRACKING TECHNIQUES 8-17



CHAPTER EIGHT T-45 WEAPONS/STRIKE

Release Sight Picture

From checkpoint altitude to release altitude, the resultant FPA obtained at the checkpoint is
maintained. Common error isto be not trimmed for 450 KTAS resulting in the Velocity Vector
“creeping” up. When the Velocity Vector “cregps up” it causes the pipper to track to the
aimpoint faster, causing the pipper to reach the aimpoint earlier than desired. To fight this
“creep”, you need to freeze the Velocity Vector, or hold it, on the FPA. Realize in doing so, you
will feel dlightly “lighter in the seat” because you will be at the optimum g for the dive.

INSTRUCTOR NOTE

Optimum G for any dive isthe cosine of the dive angle. GisNOT
scanned on the dive run, but is reviewed on the HUD tape debriefs
to determine pipper validity. Optimum G on the HUD debriefs
are: 30 degree, 0.8-0.9; 20 degree, 0.9; and 10 degree, 1.0.

A very common error for the students early on is allowing the VV
to rise above the resultant FPA approaching release. Thisis partly
due to the fact the simulator does not replicate g forces, aircraft not
being trimmed for 450 KTAS, and eyes transitioning from
scanning the V'V to the target initially, then to scanning pipper to
the aimpoint at the end. This common error will occur in both
MANUAL and CCIP mode deliveries.

The pipper will naturally track to the aimpoint as the target continues to move down the pitch
ladders.

Release Sight Picture

Hereisablow up view of the release sight picture. The pipper seeks the Offset Aimpoint.
Release altitude wind was 315 / 15 for and OAP of 170’ at 09:00. The target is 128 mils below
the Ve ocity Vector. At the moment the pickle button is pressed, the scan isto: 1) know where
the pipper was when you pressed the button; and 2) quickly note the airspeed and altitude.
Pulling to the abeam, record the hit and evaluate. If the hit went long, correct the pipper
placement (aimpoint) on the next run by releasing short of this aimpoint by the same amount of
feet you werelong. This hit was actually 26" at 5:30.
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Figure 8-17 Release Sight Picture
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801. TARGET TRACKING

Tracking Time and References

Figure 8-18 Tracking Time/ References

Normal tracking time is usually between 12 and 14 seconds, depending on wind. Nine seconds
from roll-out to checkpoint, four seconds from checkpoint to release. When you first begin
pointing your nose at the ground early in the syllabus, your scan will naturally be slow. You'll
struggle initially with the roll-in, line-up control, etc. Knowing what to scan, when to scan it, is
crucial to your HUD scan development. Initialy, the total time spent in the run will seem like it
isfour to five seconds at most, but over time as your scan improves, it will appear to be more
than adequate.

Let’s take a moment to focus on what is referenced during the tracking run to promote
standardization throughout your training and to aid in your HUD scan development. From roll-
in to the checkpoint, we reference the Velocity Vector to the target. From checkpoint to release,
we switch to the pipper to the aimpoint. Referencing the Velocity Vector to the target during the
first part of the run standardizes the scan and referencesin ALL modes of delivery, both Manual
and CCIP. Referencing the pipper to the aimpoint at release is essentia asto best evaluate your
Offset Aimpoint and parameters. We ALWAY S keep our altitude in our scan and NEVER just
look at thetarget. That's called target fixation. At the same time, we never just release
exclusively on altitude, there has to be a good mix between the two.
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Tracking Techniques

Tracking techniques are like opinions and you know what they say about opinions. Everyone's
got one. There are many different ways you can get to release atitude, on parameters, release
the weapon and have it impact the target.

By definition, atracking technique is a means by which an aircraft obtains a weapons release
solution at the planned release atitude; or, more simply, how we get from roll-in to weapons
release.

Taketrust in the fact there are MANY types and variants of tracking techniques used throughout
the world today. They will vary between Service and Fleet, Service to Service, and Country to
Country. We will introduce to you one basic technique for you to master, then, possibly, expose
you to some advanced techniques to put into your “bag of tricks’ so you can use them when the
situation warrants their use. In the aircraft, we teach the most widely used technique which is
straight path tracking. However, once again, you may be exposed to two or three in the sim.

The first technique, which is arguably the easiest technique of all, is called the Straight Path
technique. The second techniqueis Curvilinear to Straight Path technique. Thereisathird
technique, which is an advanced technique, called “Harp Angle Bombing” which combines the
use of both Straight Path and Curvilinear to Straight Path techniques. Y ou need to understand
you must walk before you run so we'll concentrate on the first two basic techniques.

Sraight Path tracking is maintaining a specific Flight Path Angle from roll-out to release. In the
T-45C, upon initia roll-out on the target, the Velocity Vector placed a number of degrees above
the target and the resultant Flight Path Angle is maintained all the way to release. In theory, if
you roll-in with minimal atitude loss, setting the correct measurement above the target initially
will lead to the target being accurately depressed at checkpoint and the pipper on the aimpoint at
release altitude. The aircraft istaking one straight flight path all the way down the dive.

Curvilinear to Sraight Path tracking is where the checkpoint Target Placement Angle is set upon
initial roll-out, a constant slight bunt is maintained to keep the TPA sight picture constant from
roll-out to checkpoint. At the checkpoint, the bunting stops and the resultant Flight Path Angleis
then maintained from checkpoint to release. Thisis called a compound technique because it calls
for two types of maneuvers during the run. It has validity for use.

The only Fleet which still teaches Curvilinear to Straight Path isthe AV-8B Harrier, and they
only use it on undesignated deliveries. The rest of the time, everyone utilizes a straight path
variation. For that reason, we concentrate on Straight Path Tracking in the T-45C.

Straight Path Tracking

Thisisthe foundation of most techniques out there and is the easiest of all the methods to
initially grasp and develop your HUD scan.
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Figure8-19 Straight Path Tracking

After roll-in, the Velocity Vector is placed a certain number of degrees above the target and the
resultant flight path angle is maintained until pipper crosses target or OAP

While maintaining a constant dive angle, the pipper will continuously track up towards the
target.

Straight Path tracking can be performed in either MANUAL or CCIP delivery modes.
Straight Path Tracking Procedures— MANUAL Delivery Mode
At initial roll-out (Refer to Figure 8-20):
1. EvauatetheInitia Sight Picture.
- Good roll-in distance.
- Good ISP shown here.
2.  Setthelnitial Target Placement Angle:
- Placethe VV 2 % degreesto 3 degrees above target. (30/20 deg pattern)
- Resultsin 30 degree FPA shown here.

- 10 degree pattern: 2 — 2 Y2 deg.
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Figure8-20 Straight Path Tracking Procedures—MANUAL Delivery Mode

3.  Maintain the RESULTANT Fight Path Angle (FPA) to checkpoint atitude.

- Shown here resultsin 30 degree FPA —right on our planned dive!

Figure8-21 Straight Path Tracking Procedures—MANUAL Delivery Mode
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4.  Between roll-out and checkpoint, correct left or right for lineup — have target track
vertically between pitch ladders, below the VV.

5. Maintain the Flight Path Angle (FPA) to checkpoint altitude.

Figure8-22 Straight Path Tracking Procedures—MANUAL Delivery Mode

Checkpoint altitude:
1.  Setthe Target Placement Angle (TPA).
2. Notethe airspeed.

- 30deg: 410-420KTAS

- 20deg: 415-420KTAS

- 10deg: 425—-430KTAS
3.  Check Line-up.
4.  Apply error corrections, if required.

5. Maintain the resultant Flight Path Angle (FPA) to release.

8-24 DELIVERY PROCEDURESAND TRACKING TECHNIQUES



T-45 WEAPONS/STRIKE CHAPTER EIGHT

Figure 8-23 Checkpoint Altitude
Checkpoint to Release:

1. Maintain the resultant FPA to release.
-resist allowing V'V to creep up.

2. Monitor atitude, line-up and pipper tracking.

Figure 8-24 Checkpoint to Release

DELIVERY PROCEDURESAND TRACKING TECHNIQUES 8-25



CHAPTER EIGHT T-45 WEAPONS/STRIKE

Release Altitude:
1.  Pickle when pipper ison the Aim Point
- OAP: 75’ at 8:00 shown here.
2. Atrelease, note pipper placement, airspeed and altitude.

Hit resulted in a score of 33" at 3:30.

Figure 8-25 Release Altitude
Curvilinear to Straight Path Tracking

Preferred Basic Conventiona Weapons Delivery (BCWD) method of manual bombing taught by
the Navy and Marine Corps for years.

It is the technique which is till being taught at VMAT-203 (Harrier FRS) for undesignated
deliveriesin the CCIP mode.

This technique is not taught in the F/A-18 Hornet FRS or Fleet aircraft.

On Curvilinear to Straight Path Tracking, the aircraft flies a curvilinear profile from roll-out to
checkpoint, then Straight Path from checkpoint to release.
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Figure8-26 Curvilinear to Straight Path Tracking
This technique can be performed in either MANUAL or CCIP modes.

Curvilinear to Straight Path Tracking technique is a compound tracking technique. It involves
two types of techniques to get you to the release point.

To perform this technique, a constant TPA is maintained from roll-out to checkpoint, then the
resultant FPA is maintained and straight path tracking is commenced from checkpoint to release.

Curvilinear to Straight Path Tracking Procedures—MANUAL Delivery Mode
At Initial Roll-out:
1. Evauatethelnitial Sight Picture
- Tough to read altitude, but it reads 6800" (slightly shallow ISP)
2. Setthe Target Placement Angle (TPA):
- Place VV 5 degrees above target for 30 / 20 degree patterns after rolling out on target.

- 4 degrees above in the 10 degree pattern
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Figure 8-27 Curvilinear to Straight Path Tracking Procedures— MANUAL Delivery Mode
3. Slight bunt to keep TPA constant.
- requires about .7g vice .99 in straight path tracking

4.  Keep monitoring line-up to track target vertically between pitch ladders.

Figure 8-28 Curvilinear to Straight Path Tracking Procedures— MANUAL Delivery Mode
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At Checkpoint altitude:

1.

2.

Stop bunting and maintain the RESULTANT FPA
Note the airspeed:

- 30deg: 410—420KTAS

- 20deg: 415-420 KTAS

- 10deg: 425—-430KTAS

Continue Straight Path to release.

Monitor atitude, line-up and pipper tracking

Make appropriate error corrections

Figure 8-29 At Checkpoint Altitude
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At Release:

1. Noteairspeed, altitude and pipper placement.

Figure 8-30 At Release
Now let’s take adetailed ook at what we reference for line-up corrections.
Line-Up Corrections

In the old iron sight days of the TA-4J and T-45A, we were taught to roll-in with the manual
pipper lined up on the aimpoint (offset or bull). During the run, it was necessary to make
constant lateral corrections into the wind to keep the pipper over the aimpoint to correct for the
aircraft’ slateral drift. We were taught to use the pipper for our line-up control. We still could
do that today with the T-45C, but it wouldn’t make much sense to teach a method that is no
longer in use or even practiced EVER in afleet airframe. The older-style fleet aircraft, the
MANUAL delivery mode was the back-up mode in case your system went down in-flight and
you still needed to get ordnance on-target when Marines were dying on the ground. Intoday’s
fleet aircraft, CCIP is that back-up mode, “manual” mode is not addressed in training. In the
T-45C, we teach you the proper procedures of computed deliveriesin both our delivery modes
(MAN or CCIP) by referencing the Velocity Vector and pitch ladders.

The T-45C has the advantage of having an uncaged HUD and Velocity Vector (VV). Inthe
uncaged mode, the Velocity Vector and Pitch Ladders are tied together in that the VV will
always be in the center of the pitch ladders. Together, the pitch ladders and VV show where the
aircraft isgoing. When we command weapon release, the bomb continues on that same path of
the VV (one of those Newton Laws of motion) essentially imparting the VV to the front of the
bomb. We will use thisto help us solving for our 3 —9 line correction. Lateral corrections will
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still be required to correct for lateral drift, however, those required corrections can be smoother
(compared to the ratcheting of iron sight bombing) and less pronounced. In essence, we realy
are bombing in CCIP, but utilizing the Manua Sight Angle (pipper) to emphasize the importance
of parameters at weapon release.

First, well look at a no crosswind component HUD picture, then we'll look at a tracking run with
adirect crosswind.

No Crosswind Component

Hereis an example of ano crosswind component tracking run. Thewind iscam. You can see
in this situation the pipper and Velocity Vector / pitch ladders al line up.

If you drew an imaginary plumb line below the Velocity Vector (as shown), you will see they all
line up. Also, you will seethe target ever so slightly left of the imaginary plumb line. We need
to smoothly fly the aircraft dlightly to the left to have the target directly below the Vel ocity
Vector.

If we just continued this run, our hitswill fall somewhere along the plumb line. How short or
how long along this line will be determined by airspeed, altitude, and pipper placement.

Figure 8-31 No Crosswind Component
With Crosswind Component (OAP: 170 @ 9:00)

Hereis an example of what a direct crosswind looks like. The wind is 90 degrees off, left to
right, at 15 knots. Our Offset Aim Point is calculated to be 170 feet at 9 o’ clock.
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Notice, in order to fly the flight path, the aircraft is pointed left of the target. With an uncaged
HUD, the Velocity Vector and Pitch Ladders indicate where the aircraft is actually going,
everything else displayed in the HUD is stationary and indicate where the aircraft is actually
pointing. Asour aircraft accelerates, this crab angle will decrease dlightly.

Figure 8-32 With Crosswind Component (OAP: 170' @ 9:00)
Looking at the bullseye, we can see the target is closer to the left side of the pitch ladders than it
isto the right, so we need to come dlightly left for lineup. To emphasize this, we can draw an
imaginary plumb line below the Velocity Vector down in between the inner tick marks of the 35
degree pitch ladder (as shown). Notice how the target is ever-so-dightly left of the line.
In doing so, the pipper will naturally see the Offset Aim Point (OAP) at release.
With Crosswind (Checkpoint Altitude)

Arriving at Checkpoint Altitude, notice the lineup now appears to look good with the bullseye
directly in between the pitch ladders.
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Figure 8-33 With Crosswind (Checkpoint Altitude)
If we hold this lineup, the pipper will seek the aim point.
With Crosswind (Release Altitude)
Arriving at Release Altitude, the pipper arrives at the OAP of 170" @ 9:00 relative to the run-in
line. Again, if wedrew animaginary plumb line down below the Velocity Vector it will indicate
where the bomb will fall.
When we press the Weapon Release Button or “Pickle Button”, you are telling the bomb to take
on the flight path of your Velocity Vector. Due to trajectory drop, it will fall below the Velocity
Vector.

Shown here, we are dlightly shallow, but slightly low, the airspeed is good. Thiswould have
resulted in a hit within 40 feet of the target.
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Figure 8-34 With Crosswind (Release Altitude)
The Importance of Settingthe Correct TPA
The T-45C MANUAL delivery mode offers us the capability to better understand the importance
of setting the proper Target Placement Angle at the checkpoint altitude. To help us better
understand this concept, we revert to the Manual Pipper Tracking “Rules of Thumb” used
exclusively in the iron sights of aircraft past.

The Manual Pipper “Rules of Thumb” of Straight Path Tracking state:

1. At 3timesthe release altitude, the pipper should be 2/3 of the sight angle short of the
aimpoint.

2. At 2timestherelease altitude, the pipper should be 1/2 of the sight angle short of the
aimpoint.

3. At 1.5timestherelease atitude, the pipper should be 1/3 of the sight angle short of the
aimpoint.

Our checkpoint altitudes on our Z Diagrams are based on Rule #3. Now let’slook at the
checkpoint atitude sight picture for our 30 degree dive, for example.

1.5 times our release altitude is 4,500' agl. 1/3 of our sight angle (128) is 42 mils.
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Figure8-35 Settingthe Correct TPA

Figure8-36 Settingthe Correct TPA
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Figure 8-37 Settingthe Correct TPA

In our example above, the Sight Angleis 128 mils. With the pipper being 42 mils below the
target resultsin 86 mils above the target.

There are 17.45 mils per degree. 86 mils/ 17.45=4.9 or 5 degrees. So then, by placing the
Velocity Vector 5 degrees above the target results in the pipper 42 mils below the aimpoint.

If we set morethan 5 degrees (>TPA) above the target, it will result in the pipper being less
than 42 mils from the aimpoint, causing the pipper to arrive at the aimpoint earlier than planned
(i.e. lesstracking time, early sight picture) or higher than planned.

If we set lessthan 5 degrees (<TPA) above the target, it will result in the pipper being more
than 42 mils below the target, causing the pipper to arrive at the aimpoint later (longer tracking
time, late sight picture) or lower than planned.

When we employ the T-45C in the MANUAL delivery mode, we have the ability to reference
the mil settings associated with the MANUAL sight. When employing in CCIP, we don’'t have
the ability to read mils. We must convert milsto degrees. We ultimately are training you the
proper techniques associated with computed deliveries, hence the reason we focus on setting the
Velocity Vector a certain number of degrees above the target on al deliveries.

A technique in determining 5 degrees above the target for 30 and 20 degree dives has been to use
the pitch ladders (inner tick marks) as a5 degree ruler. By matching the position of the target as
it relates to the 35 degree pitch ladder, placing the Velocity Vector on the same location relative
to the 30 degree pitch ladder resultsin exactly 5 degrees. As shown in the above figure, the
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target is ever so dlightly below the 35 degree pitch ladder and the Velocity Vector is ever so
dlightly below the 30 degree pitch ladder. The same technique can be used for the 20 degree
pattern, referencing the 25 and 20 degree pitch ladders. The 10 degree TPA is 4 degrees and
requires abit more of an eyeball calibration to see 4 degrees.

802. CONTINUOUSLY COMPUTED IMPACT POINT (CCIP) DELIVERY MODE

The CCIP delivery mode is a computed mode which features a continuously computed impact
point for the release cue. The pilot isrequired to fly the aircraft in amanner which places the
CCIP release cue (CCIP pipper) over the target and manually press the weapon rel ease button or
Gun trigger. To aid the pilot in CCIP pipper tracking during bomb delivery, avertical line,
called aBomb Fall Line (BFL) extends below the Velocity Vector to the CCIP pipper. Inthe
uncaged HUD mode, this line represents the trajectory of the bomb asit falls from the aircraft to
the CCIP pipper. The CCIP pipper should indicate the location the bomb will impact the ground
based on the existing aircraft parameters.

Figure 8-38 Continuously Computed I mpact Point (CCIP)
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Figure 8-39 Continuously Computed I mpact Point (CCIP)

The T-45C mission computer uses the radar altimeter for it’'s height above target computations.
Absence of the radar altimeter (above 5000" agl for example or if the RALT isturned off), the
mission computer uses barometric altitude minus entered target height to determine the height
abovetarget. A noticeable “jump” in the CCIP release cue is common passing 5000" agl asthe
CCIP sight transitions from using barometric altitude to radar atitude.

To smooth this transition, the entry of Target Height (TGHT) into the system is recommended.
INSTRUCTOR NOTE

The acceptable error tolerance for the T-45C radar altimeter is 10%
of the actual radar altitude. So at 3000’ agl, it can be off by 300’
and still remain within acceptable tolerance.

The procedures for using the CCIP delivery mode are no different than those taught in the
MANUAL delivery mode. We still employ the same techniques of straight path tracking and
curvilinear to straight path tracking, with the exception, CCIP bomb delivery mode produces a
Bomb Fall Line (BFL) to enhance our line-up guidance and a release cue to indicate the proper
time to command weapon release. Inthe MANUAL mode, you had to determine when to release
based on our current conditions, whereas in CCIP, it tells you when to release. WE ARE STILL
REQUIRED to maneuver the aircraft to the “ same piece of sky” for the weapon to fall and
impact the intended target. Thereisno “magic” involved, but it does take out some of the mental
gymnastics.
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Most CCIP bombing sights require some amount of steady state tracking time to allow the
weapons computer enough time to cal culate an accurate release solution. Any last minute BOLD
adjustments will degrade the accuracy of the CCIP pipper. Be smooth when flying in CCIP.
Straight Path Tracking— CCIP Delivery Mode
At initial roll-out (Refer to Figure 8-40):
1. EvauatetheInitia Sight Picture.

- Slightly far roll-in distance.

- Slightly shallow ISP shown here.

- Notice atitude is 6600’ vice 7000 .
2. Setthelnitial Target Placement (ITP):

- Placethe VV 2 %2 degrees to 3 degrees above target. (30/20 deg pattern)

- Resultsin 29 % degree FPA shown here.

- 10 degree pattern: 2 — 2 % deg.

3.  Maintain the RESULTANT Flight Path Angle (FPA) to checkpoint altitude.

4. Between roll-out and checkpoint, correct left or right for lineup — have target track
vertically along the Bomb Fall Line.

5. Maintain Flight Path Angle (FPA) to checkpoint altitude.
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Figure 8-40 Straight Path Tracking— CCIP Delivery Mode

Checkpoint altitude:
1.  Setthe Target Placement Angle (TPA).
2. Notetheairspeed: (404, alittle slow)
- 30deg: 410—420KTAS
- 20deg: 415-420 KTAS
- 10deg: 425—-430KTAS
3. Check Line-up.
4.  Apply error corrections, if required:
- Shallow / slow cause low releases — |ate rel ease solution.
- Steep / fast cause high releases — early release solution

5. Maintain resultant Flight Path Angle (FPA) to release.
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Figure 8-41 Checkpoint Altitude
Checkpoint to Release:
1. Maintain the resultant FPA to release.
-resist VV creep.

2. Monitor atitude, line-up and pipper tracking.

Figure 8-42 Checkpoint to Release
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Release Altitude:
1.  Pickle when CCIP pipper is on the Aim Point.
- Normally, the CCIP cross would be over the target at release. Shown here, this particular
simulator CCIP sight drops 150" long, so we needed to aim 150’ short of the target to get
the bomb to impact our intended point.

2. Atrelease, note pipper placement, airspeed and altitude.

- Since we are 8 knots slow and slightly shallow, CCIP corrects for these errors and gives
us arelease solution slightly lower than planned.

This hit resulted in ascore of 12" at 6:00.

Figure 8-43 Release Altitude
Curvilinear to Straight Path Tracking— CCIP Delivery Mode
At initial roll-out:
1. Evauatethelnitia Sight Picture.
- Good roll-in distance.
- Good ISP shown here.

2. Setthe Target Placement Angle (TPA):
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- Placethe VV 5 degrees to above target. (30/20 deg pattern)
- Resultsin 27 ¥ degree FPA shown here.

- 10 degree pattern: 4 deg. above

Figure 8-44 Curvilinear to Straight Path Tracking — CCIP Delivery Mode
3. Slight bunt to keep TPA constant.
- requires about .7g vice .99 in straight path tracking.

4. Between roll-out and checkpoint, correct left or right for lineup — have target track
vertically along the Bomb Fall Line.

5. Maintain constant Target Placement Angle (TPA) to checkpoint atitude.
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Figure 8-45 Curvilinear to Straight Path Tracking — CCIP Delivery Mode

Checkpoint altitude:

1.

2.

Stop bunting and maintain resultant Flight Path Angle (straight path).
Note the airspeed:

- 30deg: 410-420KTAS

- 20deg: 415-420KTAS

- 10deg: 425-430KTAS

Check Line-up.

Apply error corrections, if required:

- Shallow / slow cause low releases — |ate rel ease solution.

- Steep / fast cause high releases — early release solution

Maintain the resultant Flight Path Angle (FPA) to release.
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Figure 8-46 Checkpoint Altitude

Checkpoint to Release:
1. Maintain the resultant FPA to release.

-resist VV creep.
2. Monitor atitude, line-up and pipper tracking.
Release Altitude:
1.  Pickle when CCIP pipper is on the Aim Point.
2. Atrelease, note pipper placement, airspeed and altitude.

- A little fast and a little steep causes a little high release solution.

Hit resulted in ascore of 4’ at 1:00.

DELIVERY PROCEDURESAND TRACKING TECHNIQUES 8-45



CHAPTER EIGHT T-45 WEAPONS/STRIKE

Figure 8-47 Release Altitude

Once again, the key to CCIP bombing isto be smooth during the last part of the tracking run.
This allows the mission computer to give you the best, most accurate weapons release solution.
Any last minute BOLD adjustmentsin pitch (g application) or left / right corrections will
degrade the accuracy of the system.

CCIP Error Sensitivities

Asin MANUAL delivery mode, the error sensitivities remain the same, with the beautiful
exception in that the aircraft computes the error computations and corrections needed for you.
Some may think of this technology as “magic” but when it comes right down to it, the weapon
you are delivering (Mk 76) is basically a smooth rock with fins and falls through the air the same
whether or not you releasein aMANUAL or a computed mode. Recalling the errors from the
weapons theory chapter for aMANUAL delivery, asteep, fast, or low release will cause along
hit and a shallow, slow, or high release will cause a short hit. In MANUAL, it was up to you to
determine the correction needed to compensate for the error. For example, if you were steep
(long) or fast (long), you would have had to release high (short) to compensate. In CCIP, the
weapons computer will provide you with the proper rel ease atitude based on your aircraft’s
parameters. In essence, it will give you arelease solution high or low to compensate for your
deviations. The computer cannot control the dive angle or speed of your aircraft, it can only
provide you with an altitude solution based on the other two.

o, if your aircraft is STEEPER or FASTER than planned with the correct TPA set at
checkpoint altitude, CCIP will give you aHIGH release solution to compensate for the long
error.
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If your aircraftisSHALLOW or SLOW with the correct TPA set at checkpoint altitude, CCIP
will give you aL OW release solution to compensate for the short error.

Recalling the error sensitivities for the 30° and 20° pattern, they are:
+/- 1° =+/-10 KTAS = +/-100’

If you are 1° steep or 10 KTASfast, CCIP will give you arelease solution 100" higher for every
one of those deviations. Likewise, if you are 1° shalow or 10 KTAS slow, CCIP will give you a
100’ low solution for every one of those deviations. Based on the proper TPA being set at the
checkpoint.

Recalling the error sensitivities for the 10° pattern:
+/-1° =+/-10 KTAS = +/-70°

If you are 1° steep or 10 KTAS fast, CCIP will give you arelease solution 70" higher for every
one of those deviations. Likewise, if you are 1° shallow or 10 KTAS slow, CCIP will give you a
70" low solution for every one of those deviations. Based on the proper TPA being set at the
checkpoint.

Some Last Words on Computed Deliveries

One last note regarding the CCIP sight. The length of the CCIP Bomb Fall Line (BFL) or “stick”
increases or decreases based on the trgjectory drop of the weapon (or how far the bomb will fall
below the Velocity Vector). Y ou will notice with the combination of your aircraft accelerating in
the dive and your aircraft getting closer to the ground, the CCIP cross or “pipper” moves up
toward the Velocity Vector, the BFL decreasing in length. Thisisall based on trajectory drop.

If you notice, the tracking techniques taught here in CCIP should be VERY similar to those
techniques taught in our MANUAL deliveries. Thisis the reason we referenced the VVelocity
Vector to the target, set proper Target Placement Angles, and lineup using the Velocity Vector
and Pitch Laddersin the MANUAL mode. If you learned the techniques and procedures properly
in MANUAL, the transition to the CCIP mode will be smooth and SAFE. The MANUAL mode
taught us the basics and importance of parameters, CCIP mode will refine those basics and
increase accuracy while reducing pilot workload.

CCIPremains avalid delivery mode for missions such as Close Air Support (CAS) and at times
when you are called upon to get bombs on target without having time for system management.
CCIPtracking ISNOT just rolling in, placing the Velocity Vector on your preplanned dive angle
and waiting for the CCIP pipper to cross the target. There’s moreto it than that. There' s aright
way and awrong way to bomb in CCIP.
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Common Mistakesin CCIP during Raked Range Sorties

1  Getting lazy in the pattern and at roll-in, thinking the system will do all the work, resulting
in poor parameters at release or not getting a solution at all due to poor parameters at planned
weapon release.

2. Setting an insufficient amount of power at roll-in causing a slow release airspeed resulting
inalow release.

3.  Setting too much power at roll-in causing EXCESSIVE airspeed, resulting in a high release
or an unsafe run.

4.  Not having the proper TPA set at checkpoint altitude, causing either alate sight picture
(low release) or an early sight picture (high release). Less than optimum TPA at checkpoint
altitude causes a late solution (low release). More than optimum TPA causes an early solution
(high release).

5. Setting the planned dive angle without respect to the TPA, resulting in late or early sight
pictures which lead to low or high releases.

6. Not “freezing” the Velocity Vector after checkpoint atitude and allowing it to creep up,
maintai ning more than optimum g, inducing errors to the system. The optimum g for the dive
angle is found by taking the cosine of the dive angle. For example, cosine of 30is0.87 g. By
simply “freezing the Velocity Vector” on the dive angle will result in proper g.

7. Not tracking the target down the BFL, therefore not having the CCIP pipper on the target at
release point, causing the bomb to miss the target.

8.  Not pressing the bomb pickle button with the CCIP pipper on the target. Any “itchy trigger
fingers’ or delay in pressing the pickle button will cause inaccurate hits.

9. Bombinginthe “caged’” mode making it difficult to track the target down the BFL to
release.

803. ERROR CORRECTION TECHNIQUES-REVIEW (ALL MODEYS)

This section explains/reviews the proper techniques for deviations from the planned release
parameters, referred to as error corrections. These corrections apply to either MANUAL or
CCIP Delivery Modes. The checkpoint altitude is designed to give you alast opportunity to
correct for these errors. Y ou will be graded on how well you apply these corrections.

Correctionsfor Dive Angle

Y ou can read your dive angle directly from the pitch scale on your HUD. Depending on tracking
technique, your dive may steepen or shallow dightly during the run and should indicate the

8-48 DELIVERY PROCEDURESAND TRACKING TECHNIQUES



T-45 WEAPONS/STRIKE CHAPTER EIGHT

proper dive angle at release. Corrections for dive angle should be applied after the TPA is
properly set at the Checkpoint atitude.

1. Correcting for a Steep. In a 30-degree run, for example, the HUD should indicate 30
degrees at the checkpoint. If you find that your dive angle is too steep, to avoid losing valuable
tracking time, maintain your dive angle and adjust your release altitude accordingly. If you know
your error sensitivities, thisis asimple correction to make. For example, if in a 30-degree bomb
run, your HUD indicates 32 degrees after setting the TPA at checkpoint. Y ou can compensate by
pickling 200 feet high. If the proper TPA was set at the checkpoint, the pipper will naturally
arrive at the aimpoint 100" high for every degree steep. Y ou can pickle when the pipper reaches
the aimpoint.

Understand what caused you to be steep and make the proper adjustments on follow on runs.

2. Caorrecting for a Shallow. To correct for ashalow dive angle, you have two options:

a.  Add power to increase your airspeed (10 KTAS/ 1 degree shallow)

For example, if in a 30-degree bomb run you find that your HUD isindicating 28
degrees as you approach release atitude, you can compensate by increasing power by
about 4% rpm, allowing the aircraft to accelerate to 470 kts and pickling at the
planned altitude.

b.  Prior to release, adjust the nose dlightly to have the pipper track past the aimpoint 50’
long (30/20 deg pattern) or 80°' long (10 deg pattern) and release on altitude. This may
be your only option in the 10-degree pattern due to the fact you have MRT set and
you can not possibly correct by going faster.

Y ou must also be careful not to release with excessive g, because, as has already been
explained, this can cause afalse sight picture. Also, keep in mind, the maximum g at
release (limitations) is1.5g.

A shallow will lead you to alate sight pictureif no error correction is applied. Never
press the run below normal release altitude to correct for adive parameter or for any
other reason.

Understand what caused you to be shallow and make the proper adjustments on follow on
runs.

Correctionsfor Airspeed

Experience will help you to anticipate large errors early in the run and to make appropriate
power corrections. Maintain awareness of airspeed during the final portion of the run to be sure
you are at release airspeed when you reach rel ease altitude. Last-minute corrections for airspeed
errors are similar to those for dive angle errors. For example, if in a 30-degree bomb run you find
that you are 20 knots fast at the checkpoint, you can compensate either by pickling 200 feet high
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or by pickling at normal altitude with the pipper 100 feet short of the target. If you are 20 knots
slow, you can allow the pipper to drift 100 feet past the target by release altitude. Never release
below normal release altitude to correct for a dive parameter, or for any other reason.

Correction for Pipper Position

The position of your pipper at release is probably the most important single factor in determining
where your weapon will hit. If you release with the correct altitude, airspeed, dive angle, etc. (no
wind), the weapon will impact where the pipper was positioned at release. If the pipper was 300
feet past the target, that is where your hit will be, even though you did everything else right.
Experience will help you recognize early in the run that the pipper is not going to arrive at the
final aimpoint by release altitude, and to make early corrections. Sometimes it is an improper
roll-in that leads to improper pipper position. For example, if you start a straight-path tracking
run with the proper dive angle, but you find that you have to shallow your run to make the pipper
reach the target by release altitude, then the problem could be that you have rolled in too far from
the target, or that you have allowed your nose to drop during theinitial part of theroll-in.
Sometimes, however, even though you may have the proper dive angle and airspeed, you will
find that the pipper is not where you want it to be as you approach your release point. The pipper
may be reaching the aimpoint too early or too late, or it may be deflected to one side or the other.

Correctionsfor Early Sight Picture

If your pipper arrives at the aimpoint before you reach the normal release altitude, then you have
an "early sight picture." There are two causes which result in an early sight picture:

1. Too much TPA isset at the checkpoint (i.e. more than 5 degrees between the Vel ocity
Vector and the target), and/or;

2. Toomuch g at release (Velocity Vector creeping up).

In such a case, assuming all parameters correct and no wind, if you were to pickle with the early
sight picture, your hit would be short because of your altitude error. On the other hand, if you
were to pickle at normal release atitude, your hit would be long because the pipper would be
past the target. If you were to try to hold the pipper on the target until release altitude, your dive
angle would increase and you would release with insufficient g.

The proper correction isto notice the atitude at which you get the early sight picture and to split
the difference between that altitude and release altitude. For example, suppose that in a 30-
degree bomb run, your pipper arrived at the aimpoint at 3,400 ft AGL. With proper airspeed,
dive angle, etc., you could compensate by continuing to hold your 30-degree dive and pickling at
3200 ft AGL. However, improper pipper position can often be traced to an improper roll-in. If
you find that you are consistently getting an early sight picture, and your dive angles are correct
at release, then the problem may be that you are rolling in too close to the target or have too
much nose up trim. In contrast to an early sight picture, alate sight picture cannot be corrected at
release.
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Resist the urge to hold the pipper on the ampoint until release atitude. You are only giving
yourself afalse sense of security, for your bomb will go long, due to an invalid pipper (less than
optimum g).

Correctionsfor Late Sight Picture

If you reach release altitude and the pipper has not reached the aimpoint (late sight picture), you
must either release at normal altitude and take the short hit, or you must abort the run. Never
release below normal release altitude to correct for alate sight picture or for any other reason.
The causes of alate sight picture are afew:

1.  Not enough TPA set at checkpoint (i.e. less than 5 degrees between the Velocity V ector
and the target);

2. Being shallow after setting the proper TPA at checkpoint
3. Bunting the stick after checkpoint (insufficient g), and/or;
4. In CCIP, being slow.

If you recognize during the run that you are going to have alate sight picture, you can correct by
using very slight back pressure on the stick to make the pipper track faster, or you can use slight
back pressure to change pipper placement and then resume proper g. Y ou should be aware,
however, that this technique will shallow your dive angle and may necessitate another correction.
In any case, you should try to analyze the reason for the late sight picture. It could have occurred
because you rolled in too far from the target, or because you did not maintain altitude during the
initial part of the roll-in, or because you pulled your nose down too far during the final part of the
roll-in.

Correctionsfor Deflection

If your pipper is offset to one side of the desired initial aimpoint, the correction you can make for
this deflection error depends on the type of ordnance being used. With bombs, there is no last-
minute correction for deflection. Kicking in rudder to move the pipper to the desired aimpoint
will not appreciably affect the trajectory of the bomb, and your hit will not be improved. Rolling
into an angle of bank at the last moment will not be effective either, because the pendulum effect
will cause afalse sight picture. Y ou must recognize the problem early in the run, make a
correction using small amounts of bank, and be sure that your wings are level at release.

Conversdly, with forward-firing ordnance, it is possible to use your rudder to make alast-minute
correction for pipper deflection. Unlike bombs, forward-firing ordnance will initially travel in the
direction it isfired, even in unbalanced flight where the firing direction is not the same as the
aircraft direction of flight. The ordnance will then curve asit aligns itself with the relative wind.
Because of this realigning tendency, you cannot simply move the pipper over to the desired
aimpoint. You must make alarger correction. With rockets, your correction should be four times
the deflection error. For example, suppose that your pipper is 10 mils|eft of the aimpoint. Use
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your rudder to move the pipper atotal of 40 milsto theright, so that it will be 30 mils to the right
of the aimpoint. With guns, because the bullets have a higher initial velocity and have fewer
tendencies to align themselves with the relative wind, a smaller correction is needed. Y our
correction should be 1.25 times the deflection error. For example, if your pipper is 20 milsto the
left of the desired aimpoint, use your rudder to move it atotal of 25 milsto the right, so that it
will be 5 milsto the right of the aimpoint.

Correctionsfor MultipleErrors

In each of the foregoing discussions of error correction techniques, it was assumed that only one
dive parameter was in error, and that the rest were correct. For example, when we say that a 2-
degree error in dive angle will cause a 100-foot miss, we are assuming that the weapon is
released at the proper airspeed and atitude, wings level, and with correct g and the pipper on the
aimpoint. However, you will frequently find that one or more of your dive parametersisin error
as you approach release. In such a case, the errors may be additive, or they may tend to cancel
each other. For instance, suppose that in a 30-degree bomb run, you notice that your dive angle is
1 degree shallow and that your airspeed is 10 knots slow. If you have learned your error
sengitivities properly, you know that each of these errors will cause your hit to be 50 feet short,
for atotal of 100 feet, and that you could correct by allowing the pipper to drift 100 feet past the
target by release atitude. On the other hand, if you happen to be 1 degree shallow and 10 knots
fast, you know that these errors cancel each other and no correction is needed. Y ou can probably
see, however, that trying to mentally compute corrections for multiple errors during the few
seconds before release could become excessively complicated. Imagine trying to figure a
correction for steep dive angle, fast airspeed, and early sight picture. For now you arein a
training environment, and you have the option of aborting your run at any time. If you find
yourself in arun that isreally fouled up, don't drop.

CCIP Gun Strafe Procedures

The T-45C Gun Strafe will be normally performed in the 10 degree (low) pattern. A normal 10
degree patternisflown. The Attack Cone Distance is moved out slightly to 2.3 nm.

With any type of forward firing ordnance, safety is always a concern. Even though the T-45C
does not employ areal gun, we will teach you the habit patterns asif it did. One of the biggest
differencesisthe Master Arming procedure. DO NOT place the Master Arm Switch to ARM
until the nose is pointed at the target in the dive and the aircraft in front of you has called off.
Ensure the Master Arm Switch is placed to SAFE when off target.
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Figure 8-48 CCIP Gun Strafe Procedures

Upon rolling in on the target, place the Velocity Vector about 1° above the target. Or ssimply,
place the target in between the Velocity Vector and the CCIP cross. The CCIP crossinitialy
flashesindicating it is out of firing range and turns steady when within firing range. Allow the
CCIP crossto naturally track up to the target, as it approaches the target begin firing by
sgueezing the Gun Firing Trigger in the control stick. Asthe CCIP cross beginsto cross over the
target, smoothly begin a slight forward bunt to help concentrate the main portion of the rounds
on thetarget. Prior to reaching the minimum firing altitude, release the gun trigger and begin the
Guns Jink Maneuver. The firing window is between 1,300" and 1,000’. The time in this window
is about one second.

The Guns Jink Maneuver
For strafe recovery, alevel jink will be practiced. Asthe nose of the aircraft comes through the

horizon, roll to 70 degrees AOB and smoothly apply 4 g's. After 20 degrees of heading change,
relax g, reset AOB, and pull to the abeam.
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CHAPTER NINE
RETURNING FROM THE TARGET

900. INTRODUCTION
RTB Procedures

Following the “Fenced out” check and/or exiting the Target Area, the flight will either set-up for
the Break, perform a Hung Ordnance Approach, or separate the flight for a combination of the
two. With all systems normal, the Break is the primary method of airfield entry. Overstressed
aircraft will perform a straight-in or the hung ordnance approach, as directed by Lead.

The Break

The Break is the preferred landing pattern entry procedure. The Break will be preformed as
briefed by Lead and will be in accordance with Division Form procedures and local directives.

The Hung Ordnance Approach Procedure

If Lead is hung or if two or more aircraft are hung, then the entire flight will fly the Hung
Ordnance Approach. If oneaircraft is hung, Lead will arrange the flight as to detach the hung
aircraft prior to theinitial, allowing sufficient time and distance for the detaching aircraft to fly
the published straight-in or appropriate Hung Ordnance Approach route. Extreme caution should
be taken as not to over-fly populated terrain with hung ordnance. The most inclined times hung
ordnance inadvertently falls from the aircraft are when transitioning to the landing configuration
and upon touchdown. Caution should be taken at all times, however, due to the uncertainty of
the ordnance remaining with the aircraft.

The Hung Ordnance Approach path is flown as to avoid populated areas and in accordance with
local directives. If flown asadivision, Lead will separate each aircraft individually as to have
the Lead aircraft fully configured by three miles from the runway and established on a 3°
glideslope. A technique used by Lead is to detach each aircraft in 2 nm intervals or 20 seconds

apart.

When cleared by Lead to detach, the procedure isto select IDLE, speed brakes OUT, slow below
200 knots, select landing gear DOWN, flapsto HALF, slow to 150 knots and place the speed
breaks back IN. It isimportant to follow Lead’ s flight path over the ground without cutting
corners. Thiswill keep you over the appropriate ground track as well as maintain the proper
interval between aircraft. Each aircraft maintains 150 knotsto 3 nm. At 3 nm from the runway,
select flapsto FULL, speed breaks OUT, complete the landing checklist, slow to on-speed and
report the “ gear down” and locked with the Tower.

Lead will pick an appropriate side of the runway on which to land. Each aircraft will plan to
land on alternate sides of the centerline in relation to the proceeding aircraft. The rate of descent
on touchdown with ordnance needs to be monitored as to not exceed 600" per minute, as limited
by NATOPS.
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If a go-around/wave-off is performed, enter the landing pattern as to avoid buildings, houses and
other populated areas.

Landing Roll-out and Taxi totheLine

If aircraft land from the same approach while alternating sides of the runway, remain on your
respective side while slowing the aircraft to taxi speed. Normal deceleration rates as per local
S.O.P. apply. Be considerate of the aircraft landing behind you as to avoid overly aggressive
braking, unless safety dictates otherwise. Once the deceleration rate is acceptable, your aircraft
isunder control and it is safe to do so, you may clear the aircraft to crossin front of you by
stating over Tactical frequency “cleared to cross’.

If Lead dictates the flight will taxi back together, the taxi back will be in accordance with
Division Formation taxi procedures, complying with local directives. Dash Two setstheinterval
and Three and Four make the flight look good.

If taxiing with ordnance remaining, advise maintenance and/or base with status (hung or
unexpended) and comply with local de-arming procedures. The term “Hung” indicates there was
an attempt to release while “ Unexpended” indicates there was no attempt to release.

Shutdown / Post-Flight Procedures
Aircraft parking and shutdown procedures are in accordance with NATOPS and local
procedures. Normal post-flight inspection is accomplished with special attention to aircraft

damage due to frag or bomb-to-aircraft collisions. Specific areas of inspection include: access
panels, underside of the wing, flaps, empennage, horizontal and vertical stabilizers.
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CHAPTER TEN
ADDITIONAL WEAPONS MANEUVERS/ TARGET TRACKING

1000. INTRODUCTION

Up to this point, you have been introduced to the basic skills of putting steel on target. The
emphasis early in training was on building consistency; consistency in the pattern, basic airwork,
the roll-in, HUD scan development and basic tracking techniques. The objective of the Air-to-
Ground stage isto teach you those basic skill sets. If all you do during your time spent in this
stage is master the basics of what has been previously discussed, you'll leave the Training
Command with a solid foundation of which the FRS will build upon. Keep it simple and execute
it to perfection.

This chapter will discuss some of the additional techniques, which if properly employed, can
enhance the overall learning experience and give you some corporate knowledge for use in your
follow-on training. The techniques discussed in this chapter should be attempted only after the
basic skill sets previously discussed have been mastered. We will introduce Adaptive Roll-ins,
the Harp Angle Bombing Technique, and Target Attacks without Target Waypoint Distance.

1001. ADAPTIVE ROLL-INS

Up until this point, the emphasis of our roll-in was to keep our atitude and roll-in maneuver
consistent, then vary our roll-in distance to achieve the proper initial sight picture. There may be
times due to weather or distractions, you might find yourself off of the planned altitude, or you
may find yourself closer in or farther away from the target as you optimally would like when it
comestimeto roll-in on the target. All isnot lost. Here iswhere you can apply an Adaptive Roll-
In to help you salvage what could have been abad start and turn it in to onethat is at least,
manageable. An Adaptive Roll-inisamaneuver in which you vary the lift vector placement to
get the aircraft back to the bombing triangle or dive “wire”.

1. Adapting for ahigh or close:

If we had a situation at the roll-in which would normally cause us to be steep at the start, such as
rolling in closer to the target or rolling in at a higher atitude, we could over-bank and place the
lift vector below the target and/or aggressively pull down. This can help us fly the aircraft down,
closer to the planned dive “wire” at roll-out. Another correction for being high isto simply roll-
in farther away from the planned roll-in point (increase the ACD) and execute a normal roll-in
maneuver.

2. Adapting for alow or wide (far):

If the situation presented itself which would normally cause us to be shallow at the start, such as
rolling in farther out from the target and/or rolling in at alower than planned altitude, we could
place the lift vector above the target and/or float the pull down. Thiswill help usfly the aircraft
up to the planned dive “wire” at roll-out. Another correction for being low isto simply roll-in
closer to the target (decrease the ACD) and execute a normal roll-in maneuver.
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Figure 10-1 The Adaptive Roll-In Technique

1002. HARP ANGLE BOMBING TECHNIQUE /FLYING THE WIRE / STRAIGHT
PATH —STRAIGHT PATH

The Harp Angle Bombing Technique isaway to fly the aircraft in amanner which places the
target on a pre-determined depression angle at the checkpoint altitude, whereas by setting the
Target Placement Angle (TPA) resultsin being on the planned flight path angle. The Harp Angle
is the angle between the horizon and the line of sight to the target.
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Figure 10-2 TheHarp Angle

As discussed in the adaptive roll-in section, we used a building block approach to develop the
basics of theroll-in. The same holds true for the tracking techniques. The two tracking
techniques previoudly discussed are the basic techniques of any fleet aircraft. To consider Harp
Angle Bombing, you first must develop a good HUD scan and have an understanding of target
depression anglesin the dive. It is not atechnique intended to be introduced on early simulator
events. However, if the concepts can be understood and when properly employed, itisa
technique which will be available for you to try during the syllabus. After all efforts of obtaining
agood initial sight pictures have failed, it can help you to correct for a steep or shallow initia
sight picture and turn it into a good sight picture at the checkpoint atitude; that is, being
established on the dive wire or on the bombing triangle.

The advantage of this method isit alows the pilot to achieve aweapons rel ease solution close to
the planned release parameters. It also can be beneficia to correct for a shallow in the 10 degree
pattern where going faster to correct is not an option. If not employed properly, however,
valuable tracking time may be wasted trying to gain the exact dive angles when thereislittle
need for it. Either way, at checkpoint altitude, the corrections back to the dive angle cease; the
procedure of setting the TPA at the checkpoint is still required and the resultant flight path angle
must then be maintained to weapons release. Error corrections will still be required if all efforts of
getting back to the bombing triangle have been exhausted. Now let’stake alook.
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The Goal of Harp Angle Bombing

First of all, the goal of Harp Angle Bombing should be to get to a good start. Y ou want to
exhaust al effortsin obtaining a good initial sight picture at the beginning of the tracking run;
thereby minimizing the need to correct at all. Most of your attention could be focused on lineup
control and target tracking progression and minor adjustments, if any, as you ensure the TPA is
properly set at the checkpoint. The less time you spend correcting for dive angle, the more time
spent scanning the other variables.

If you find yourself with something other than a good initial sight picture, the goal for your
corrections between the Initial Target Placement (rollout) to the checkpoint is to drive the target
to the Harp Angle at the checkpoint. In order to achieve that goal, we should review the Target
Depression Angles.

Target Depression Angles

For the 30-degree and 20-degree dives, if you are on the bombing triangle, the target will be 3
degrees depressed below the planned flight path angle at the beginning of the tracking run. At
checkpoint atitude, the target becomes 5 degrees depressed. At release, the target becomes 7
degrees depressed.

We could even determine the target to be 4 degrees depressed at 6,000’ in this case.

For the 10 degree dive, the target initially will be 2 degrees, then 4 degrees at checkpoint, then 6
degrees at release.

Figure 10-3 Target Depression Angles
If you were established on the 30-degree bombing triangle, the target should be 33 degrees

depressed from the horizon at initial roll-out, 34 degrees at 6,000’, 35 degrees at 4,500" and 37
degrees at release.
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Initial Sight Picture Review

Figure 10-4 Initial Sight Picture Review

Asyou can see, ashallow initial sight picture puts the aircraft below the “wire” or below the
bombing triangle. This equates to the target being less than 3 degrees depressed below the
planned dive angle. The target appears to be around 31 to 31Y degrees.

A good initial sight picture puts the aircraft on the “wire” or on the bombing triangle. This
equates to the target being 3 degrees depressed bel ow the planned dive. The target appears to be
33 degrees.

A steep initial sight picture putsthe aircraft above the “wire” or above the bombing triangle.
This equates to the target being more than 3 degrees depressed below the planned dive. The
target appearsto be around 34 to 34 %2 degrees.

Target Movement and Velocity Vector Placement

In order to drive the target to the location on the pitch ladders during the run, we also must
understand the relationship between the Ve ocity Vector Placement and target movement.
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Figure 10-5 Target Movement and Velocity Vector Placement
By placing the Velocity Vector above the target, the target will move down. By placing the
Velocity Vector below the target, the target will move up. By placing the Velocity Vector on the
target, the target remains stationary.
The farther away you place the Velocity Vector from the target, the faster it will move. The
closer you place the Velocity Vector to the target, the slower it will move. Farther = Faster;
Closer = Slower.
Correcting for a Shallow Initial Sight Picture

For alittle shallow (target lies 31 to 32 degrees):

If you find yourself with a shallow sight picture, in order to correct back to the wire, you need to
fly shallower than the planned dive. Typically speaking, if the target is around 31 to 32 degrees,
place the Velocity Vector 4 to 5 degrees above the target and hold that Flight Path Angle. In
doing so, the target will begin to move down. If at 6,000’ the target is 34 degrees depressed, you
are back on the wire; reset the Velocity Vector to the planned dive (30 degrees) and continue
tracking to the Checkpoint. If the target still has some anglesto travel, continue holding the
initial FPA to keep the target tracking down. Approaching checkpoint, you will need to start
evaluating the Target Placement Angle and begin a smooth bunt to set the TPA.
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Figure10-6 Correctingfor a Shallow Initial Sight Picture

Figure 10-7 Correcting for a Shallow Initial Sight Picture

At checkpoint atitude, set the Target Placement Angle. Hopefully, the target will be at 35
degrees. If it isnot, set the TPA, accept the resultant FPA and make the appropriate corrections.
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At this point if you are not on the wire, you will be +/- 1 degree, which isminimal. If you find
yourself greater than 1 degree shallow, you need to make the appropriate corrections.

DO NOT JUST SET THE PLANNED DIVE ANGLE WITHOUT RESPECT FOR THE
TPA!

For abig shallow correction (target lies close to 30 degrees):

Place the Velocity Vector 5 degrees above the target (around the 25 degrees) and hold it until
6,000 and evaluate, you most likely will end up being shallow so accept it and begin a smooth
bunt to set 5 degrees above the target at the checkpoint, setting the TPA. Evaluate and make the
appropriate corrections.

For aWAY shallow (target lies less than 30 degrees): Safe up the system. Do not attempt to
drop. You still can go though the procedures of correcting, but abort your run by release altitude.
FIX IT on the next pass!

Correcting for a Steep Initial Sight Picture

For alittle steep (target lies around 33 ¥4 to 34 degrees):

If you find yourself with a steep initia sight picture, in order to get back to the wire, you will
need to fly steeper than the planned dive. For alittle steep, alittle steeper correction is needed.
In this case, most will place the Velocity Vector 1 degree above the target (33 degrees) and hold
that Flight Path Angle to checkpoint. Some will place the Velocity Vector on the target until
6,000" at which time you will be back on the wire, set the planned dive. In either case, set and
evaluate the TPA at checkpoint; make the appropriate correctionsif needed (should be minimal).
Thetarget should lie close to 35 degrees.
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Figure 10-8 Correcting for a Steep Initial Sight Picture

Figure 10-9 Correcting for a Steep Initial Sight Picture
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For abiqg steep (target lies 35 degrees):

For abig steep initial sight picture, abig correction isrequired. If thetarget lies on the 35 degree
pitch ladder, place the Velocity Vector on the target. Thiswill keep the target from moving up
or down. Approaching checkpoint altitude (about 200" above), smoothly set the Target
Placement Angle, which may end up being just alittle steep by the time the TPA isset. You
should be within 1 degree of the planned dive angle. Make the appropriate corrections, if needed
(should be minimal).

DO NOT JUST SET THE PLANNED DIVE ANGLE WITHOUT RESPECT TO THE
TPA!

For aWAY steep (target lies greater than 35 degrees):

Safe up the system. Do not attempt to drop. Y ou may go through the procedures of correcting,
but don’t allow the Velocity Vector below the target to try and drive the target up. If anything,
place the Velocity Vector on the target, approaching the checkpoint, set the TPA and eva uate.

Make the corrections in your mind and abort the run prior to release altitude.

Figure10-10 Way Steep: ABORT
Checkpoint Altitudeto Release

The procedures from checkpoint altitude to release are exactly the same as al other tracking
techniques. Straight path tracking to release. Pickle referencing the aimpoint and altitude, not
solely referencing the atitude or pipper/aimpoint.

If the initial sight picture was other than optimum, evaluate what caused it and fix it on the next
run. Evaluate the speed at checkpoint and release — adjust to make it what you want.

And, probably most importantly, where was my pipper placement and where did my hit go?
Move the pipper placement to put the bombs where you want them to go.
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Correctionsfor the 20 and 10-degr ee patterns

The 20-degree pattern corrections are identical to the 30-degree pattern, except for being 10
degrees shallower on the run.

The 10-degree pattern, you are looking for 2 — 2 %2 degrees depressed initially and 4 degrees
depressed (14 degrees) at the checkpoint. Again, set the TPA of 4 degrees at checkpoint and
track the resulting Flight Path Angle to release.

1003. TARGET ATTACKSWITHOUT TARGET WAYPOINT DISTANCE
1004. INTRODUCTION

The T-45A and all training aircraft of years gone by have al flown the weapons pattern without
atarget waypoint. If you have developed the proper look-out procedures in the T-45C pattern,
flying without a target waypoint should not be any different. The approach turn, roll-in
technique and pull to the abeam are all the same. The big differencein this pattern istheroll-in
without a definitive distance from the target. Ground gouge for the roll-in distance will help,
however, the eyeball calibration development of “that looks about right”, or “T-LAR”, on target
distance is the objective of this pattern.

Thistype of situation can be encountered in the real world if you were called upon to cover an
immediate Close Air Support mission such as a scenario where Marines are pinned down and
cannot construct the target coordinates for you. It would be up to you to deliver some support to
the Ground Combat Element without it. So gaining the knowledge of T-LAR is an important
skill set to have.

Turn to Abeam

After recovery, at apitch attitude of 10 degrees above the horizon, apply MRT, relax g, roll to 60
degrees AOB, and initially apply 4 g to reach the abeam position slightly inside the cone. During
the turn, you will have to locate your interval (the aircraft immediately preceding you in the
pattern). Procedures in the event you cannot locate your interval are given later, under "Safety."
After 90 degrees of turn, maintain 2-3 g and begin to reduce power to arrive at the abeam on
altitude and airspeed.

Abeam Position

The abeam position is a point slightly inside the cone and abeam the target; your heading is 180
degrees from the run-in line. The abeam distance is slightly less than two nautical miles. At the
abeam, begin a dlight AOB turn of about 10 — 15 degrees (wind dependent).

Abeam to Roll-In

Between the abeam position and the roll-in, the aircraft follows a circular arc, moving from
dightly inside to slightly outside the cone. Pattern altitude must be maintained from the abeam to
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the roll-in. Passing the abeam, fly a 12-14 unit level turn maintaining pattern airspeed. About 90
degrees from the run-in heading, set power to the weapon release rpm and increase the pull to
15-17 units, maintaining pattern altitude.

Figure10-11 Abeam to Roll-In
TheRoll-In

The roll-in begins about 30 degrees of heading prior to the run-in heading. Because the HUD
only displays heading 15 degrees either side of the heading marker, you will have to estimate this
30- degree lead point. At this point, relax back stick and roll the aircraft to place the lift vector on
the target, and smoothly pull the aircraft down so that it is aligned with the run-in line. (Y ou can
accept a variance of less than 15 degrees from the target run-in line.). Over time, you'll gain
knowledge for the roll-in distance sight picture and will apply the adaptive roll-in technique as it
applies to the situation.

Tracking Methods

All tracking methods and techniques mentioned are available for employment.
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SAFETY PRECAUTIONS

1100. INTRODUCTION
1101. EMERGENCIESAND CONTINGENCIES
Midair Collisions

If the proper interval is established and maintained throughout the individual patterns, the danger
of amidair collision is greatly reduced. However, it is mandatory that each pilot exercise
extreme caution and take particular care not to cut the aircraft ahead out of the pattern. One of

the most likely places for thisto occur is where the pilot pulls off target and looks for hisinterval
to commence histurn to the abeam. If the pilot ahead has extended off target farther than normal
and the pilot behind picks up the wrong aircraft as hisinterval and commences his turn, an
extremely dangerous situation exists. There are now two pilots using the same aircraft as their
interval. A similar danger can aso arise near the roll-in point. A simultaneous run (Simo run) isa
short interval at theroll-in, usually resulting from an early or deep roll-in on the part of one pilot.
In order to help avoid dangerous situations, these rules must be followed:

1. Maintain proper pattern airspeed and altitude.

2. Use proper voice procedures.

3. When turning to the abeam position after arun, if you do not see your interval and you
have not heard him call his position, do not climb to pattern altitude. Remain 2,000 feet below
the high (20-degree and 30-degree) pattern or 1,000 feet below the low (10-degree) pattern, and

ask your interval for his"posit."

4. If you find you are too close to the aircraft ahead of you, make your pattern corrections
when coming off target.

5. Do not hesitate to sacrifice radio discipline when safety isinvolved. If at any time you are
not sure where your interval is, or you are not sure that the aircraft you have in sight ahead is
really your interval, do not hesitate to make aradio transmission. Always call a"Simo run" if
you see it.

6. If you arein arun when someone calls"Smo run," follow these procedures:

a.  Report the abort and gradually displace the aircraft laterally from the run-in line and
fly to clear airspace.

b. Regansight of all other aircraft.

c. Reestablish flight sequence at lead's discretion.
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L ow Pullout

Going below the release altitude during the pullout from the dive can be the result of any one, or
a combination, of the following situations. Recall the breakaway cross on your head-up display.
If a1.5-second reaction time followed by a 1 g/second pull to a sustained 4 g's would allow your
aircraft below 1,000 feet AGL, you will get alarge"X" in the center of your display. If you see
it, pull up immediately. Do not depend on the cross as a cue; pull off when you are supposed to.
The crossis not generated in dives of less than 15 degrees.

Excessive Airspeed at Release

Failure to monitor power settings, roll-in airspeeds, and dive angles can easily result in excessive
airspeeds at release dtitude. Disregarding any of these variables not only creates a dangerous
situation because of aresultant low pullout, but detracts considerably from the pilot's ability to
bomb effectively. Be aprofessional and strive to arrive at the release point on airspeed. Not only
will your runs be safer, but your hits will be more accurate.

Dive Angles Steeper than Optimum

Not only does a steeper dive angle result in alower than normal pullout, but it usually causes a
faster run. The pilot thus introduces two variables into the bombing solution merely by being
steep. Learn to recognize steeper than optimum dive angles early in the run with the help of your
HUD, and make the appropriate correction when it won't cost you too much valuable tracking
time.

Target Fixation

Every pilot would like to get a bull's eye on every run, but unfortunately, some have become so
engrossed in achieving hits that they have flown into the ground by fixating on the target and
disregarding their release altitude. Thisis especialy a problem with forward firing ordnance
whereit is easy to "follow" the projectiles flight path. Last-second corrections usually result in
both afalse sight picture and aloss of atitude. Ensure the proper Target Placement Angleis set
at the checkpoint, not just the planned dive angle. Thiswill aid in acquiring arelease solution
close to the planned release atitude. Adhere to your mandatory abort criteriafor being Steep or
Shallow.

Bottom line. If therunisthat bad, abort and go around to try again. Continually scan the
altimeter; don't become another statistic.

Correcting by Releasing L ow

We have told you several times not to correct for errors by releasing low. The primary reason is
safety. But there is another reason not to go low, a reason connected with the combat job you are
learning. That reason is fuse arming delay, which involves atime delay set into the fuse to allow
safe separation of the bomb from the aircraft. A bomb with atimed fuse must fall for a set length
of time before the fuse is armed. Consequently, going low for release may not give sufficient
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time for your weapon to arm and you are in the position of trying to drop scrap iron on
somebody instead of high explosive. With live ordnance, you will aso have afragmentation
pattern to avoid. Do not go low.

Pitot Static Malfunctions

Y ou have two altitude readings on your HUD, barometric and radar. If the radar altimeter
readout does not appear below 5,000 ft AGL, something is wrong. (Y ou may simply not have the
radar altimeter turned on.) If the barometric altitude does not display, then there is afailure of
some sort, either in the HUD or initsinputs. If only the HUD or one of its transducers has failed,
you have the option of continuing with the flight using your cockpit altitude readout or standby
altimeter. A failure may affect more than just the HUD; if you have reason to suspect that
something is wrong with the pitot static system itself, investigate at a safe altitude.

If your instruments indicate greater than +/- 200’ or +/- 20 knots from other aircraft on the Mach
Run, take it to the lame duck.

Exceeding G Limits

Overstressing the aircraft in the weapons pattern is usually the result of snapping on g, instead of
applying it smoothly when beginning the pullout after release. Y ou do not need to use more than
4to 4-1/2 g to make anormal pullout. If you do happen to apply too much g, you must be able to
determine whether it is an overstress. See the NATOPS manual for limitations. If you overstress
your aircraft, discontinue your runs, notify the flight lead, and go to the lame duck pattern
(discussed under lost communications). The instructor will brief the student on the lame duck
pattern for anon-NORDO scenario.

Rolling Pullouts (Unsymmetrical Pulls)

Ensure that there is no rolling moment on all pullouts. A rolling pullout not only decreases the g
that may be safely applied, but also sharply lowers the bottom-out altitude reached during the
pullout. To avoid this, recover from adive with alevel pullup, stop the pull, roll, stop therall,
then pull again.

I nadvertent Weapons Release

There have been many cases where short circuits or faulty switches have caused inadvertent
firing or ordnance drop. The danger is especially grave when you are carrying forward-firing
ordnance, because it can shoot well out of the restricted area. The danger of inadvertent release
can be minimized by adhering to switchology rules already given. Do not arm your Master
Armament switch in aforward-firing ordnance run until you are wings level in the dive and your
interval has called off the target.
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L ost Communication

In the event that you lose your radio in the bombing pattern and have no other problems, enter
the lame duck pattern. The lame duck pattern is 2,000 ft above the high pattern or 1,000 ft above
the off target rendezvous pattern, depending on which pattern the flight is using. Orbit in the
direction of the pattern. Should the weather not permit orbiting above the pattern, maintain your
interval and fly the pattern normally except for the roll-in; stay at atitude. When you arrive at the
roll-in, rock your wings and stay at pattern altitude. When the rest of the flight has finished
bombing, arendezvous will be effected; normally the NORDO aircraft joins last, inside lead's
turn, and will be positioned as #2 for the return.

1. If you have a serious problem with your aircraft while you are NORDO, return to base or
emergency airfield as briefed. A wingman will be dispatched to assist you.

2. If you have aircraft problems that do not require immediate action but do require
assistance, enter the lame duck pattern, orbit opposite the direction of the flight and an instructor
will join you. Use standard HEFOE signals to inform the instructor of your difficulties.

L ate Pattern Entry

Theflight lead may permit an aircraft in the flight to enter the pattern late due to maintenance

problems. The late aircraft must contact the lead for a clearance into the target area and should
enter the pattern 1,000 ft above pattern altitude and between the abeam and the roll-in position.
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NOTES
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CHAPTER TWELVE
SELF TEST

1200. INTRODUCTION - GRADING

1.  If you have four hitsat 150 ft, 60 ft, 200 ft, and 20 ft, and a hit in the next county 3/4 mi
away, what is your CEP?

ANSWER: 150 ft
Preparation — Determining Delivery Data

2. What isthe sight depression angle for a 30-degree delivery of bombs with arelease atitude
of 3,000 ft AGL and arelease airspeed of 450 KTAS?

ANSWER: 128

3. What isthe weapon time of fall (TOF) if you drop aMk 76 bomb in a 10-degree dive,
release altitude 1,000 ft AGL and release airspeed 450 KTAS?

ANSWER: 5.0
Preparation — Computing Offset Aimpoint

4.  Whereisyour offset aimpoint if you have a 10-kt wind at release altitude and a 7-sec time
of fall?

ANSWER: 119 ft from the bull

Practice Ordnance — Preflight I nspection of Ordnance

5. Bombs should show no movement at all if shaken. True or false?

ANSWER: False. Bombs should show slight movement if shaken.

6.  Should the pigtail (cannon plug) to the PMBR be connected or disconnected at preflight?
ANSWER: Connected. It should be disconnected from the rocket launcher.

7.  Whereisthe EMER JETT button located?
ANSWER: On the LH instrument panel (forward and aft cockpit)

Enroute Procedures

8.  All flight members acknowledge the range controller'sinformation. True or false?

ANSWER: Fase. Only Lead acknowledges.
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Target Pattern Procedures— Breakup

9.  Theflight continues over the target on its course from base. True or false?
ANSWER: False. Theflight flies over the target on the run-in heading.

Target Pattern Procedures— The 30-Degree Pattern

10. What are the weather minimums for the 30-degree pattern?

ANSWER: 10,500/5

Target Pattern Procedures— Flying the Pattern

11. How does ashallower than usual AOB or less g affect the distance to abeam?
ANSWER: Lengthens, increases, makesit greater, etc.

Target Pattern Procedures— Voice Procedures

12.  Who makesthe call to initiate position callsin the pattern?

ANSWER: The pilot coming off target makes the call.

13. List, inthe order of occurrence, the three positions in the weapons delivery pattern where
radio position calls are required.

ANSWER:

a  Off target

b.  Abeam (or interval position), with fuel stated
c. Rall-in

14. Make asample transmission of arequired radio position call for each of the weapons
pattern positionsin the order they would occur around the weapons delivery pattern.

ANSWER:

a.  (off target) "One off, safe.”

b.  (interval position, with fuel state) "Four crosswind/prior/abeam/past/approaching, 1.6."
c.  (roll-in) "Two in (card dir)/cold/Winchester."

Returning from the Target — Hung Ordnance Approach

15. Inaformation hung ordnance approach, each aircraft fliesits own courseto thefield. True
or false?
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ANSWER: False. All aircraft follow lead's flight path.

Returning from the Target — Dearming

16. During dearming, you may keep your hands in the cockpit. True or false?

ANSWER: Fase. Let the ground crew see them just as during arming activities.

Safety Precautions

17. List three reasonsto abort arun.

ANSWER:

Any three of the following:

a  Poorroll-in

b.  Off dive parameters

c.  Unsafe conditionsin flight (ssmo run, instrument error, unauthorized aircraft in target area)
d. Unsafe conditions on ground

e.  Directed by RSO

f.  Closeinterva (simo run)

0.  Suspected instrument error

h.  Valid Beak X

Safety Precautions— Midair Collisions

18. Who should call a simultaneous (smo) run?

ANSWER: Anybody who seesiit.

19. If youlose sight of your interval in the pattern, should you go to the lame duck pattern?
ANSWER: No. Stay 2000’ below the High and Mid patterns. 1000' below the Low pattern.
Safety Procedures—L ost Communications

20. How many feet above the high pattern is the lame duck pattern flown?

ANSWER: 2,000 ft

Limitations

21. What isthe maximum speed and Mach number to release a Mk 76 practice bomb?
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ANSWER: 500 KCAS/0.80 mach
22. What is the maximum and minimum g limits when releasing a Mk 76 practice bomb?
ANSWER: 0.5t015

23. What isthe maximum rate of descent on landing with ordnance remaining on the
PMBR/BRU?

ANSWER: 600" per minute

24. What isthe symmetrical g limit of the T-45C below 5,000’ ?

ANSWER: 6.50's

25. What isthe unsymmetrical (rolling pull) g limit of the T-45C below 5,000’ ?
ANSWER: 5.09's

Armament Controlsand Indicators

26. What does the illumination of the Break X mean?

ANSWER: A normal, 4 g recovery isimmediately required in order for the aircraft to bottom out
at 1,000 AGL.

27. During preflight weapons arming of the PMBR’'S/BRU'’s, it is permissible to set-up the
STORES page for the flight. True or False?

ANSWER: False. During Arming procedures, hands MUST remain up for the ground crew to
see.

28. Selecting the A/G STORES page on the MFD DOES NOT place the T-45C in A/G Master
Mode. True or False?

ANSWER: False. The A/G Master Mode may be entered by either selecting the A/G STORES
page or by pressing the MODE button on the DEP.

29. When isthe proper time to select the A/G Master Mode in-flight?

ANSWER: When directed by Lead (Fenced In call), over sparsely populated terrain.
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BONUS QUESTION

30. During the Hung Ordnance check following the OTR, you notice an aircraft has one Mk 76
remaining on the center aft station of one of hisPMBR’s. The pilot in command of that aircraft
confirms he tried to release on every pass and thinksit’s a hung bomb because he didn’t get a
spot on hislast attempt to release on that rack. The BOMB QTY on the STORES page indicates
0's on both wing stations.

a) Isthe bomb hung or isit unexpended?
b) What isthe normal release sequence of aPMBR?

ANSWER: Figure it out on your own!

Hint: What would happen if during arming, the ordnanceman placed the station selector
accidently from SAFE to “2” vice SAFEt0 “1"?

SELFTEST 12-5



CHAPTER TWELVE T-45 WEAPONS/STRIKE

NOTES

12-6 SELF TEST



APPENDIX A
GLOSSARY

A

Aim Off Angle: The angle created at the planned release point between the aircraft’ s flight path
and line of sight to the target.

Aim Off Distance: The distance past the target where the planned flight path intercepts the
ground.

Aim Off Point: The ground feature or point on the ground representing the Aim Off Distance.

Aimpoint: The point on the ground that the pipper should cover at release. See aso final
aimpoint and initial aimpoint.

Angle of Attack of the Armament Datum Line: The angle between the line of flight and the
ADL; not the AOA read from the AOA indicator.

Armament Control System (ACS): The electromechanical system that rel eases the selected
weapon upon the pilot's command.

Armament Datum Line (ADL): A fixed longitudina reference line on the aircraft; it will be
parallel to the flight path at 450 knots provided that fuel load and aircraft configuration are as
calculated.

Attack Cone Distance (ACD): The distance from the target at which anormal roll-in from
pattern altitude would result in being established on the planned dive wire or bombing triangle.

B
Breakaway Crossor Break X: A cross displayed on the HUD indicating that an immediate 4-g

pull-up is required for a safe ground clearance of 1,000 feet when the dive angle is greater than
15 degrees.

C

Circular Error Probability (CEP): The median of total hits, calculated in feet.
Continuously Computed Impact Point (CCIP): A HUD air-to-ground delivery mode that
provides an aiming reticle showing where the ordnance would hit if released at any given
moment.

Curvilinear Tracking: The aircraft following a curved path during tracking rather than a

straight path; the aircraft ground track is a straight line with the curve (convex) in the vertical
plane.
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Curvilinear/Straight-Path Tracking: A weapons delivery technique which uses curvilinear
tracking until reaching a predetermined checkpoint, then straight-path tracking to release.

D

Deflection: The distance to one side of the target of the pipper or impact point.

Depressed Sight Line (DSL): A HUD air-to-ground delivery mode that provides a non-
computing aiming reticle for use in amanual weapons delivery. See also Iron Sight.

Dive Angle: The angle between the flight path and the ground.

Dive Recovery: See Pullout.
E

Early Sight Picture: The pipper arrives at the final aimpoint before the aircraft arrives at release
atitude. Will usually result in ashort hit.

F

Final Aimpoint: The point on the ground where the pipper should be at release in order to hit the
target; the final aimpoint is corrected for wind. See aso Initial Aimpoint.

H

Harp Angle: Derived for the checkpoint altitude, it is the planned depression angle of the target
if the aircraft is established on the planned dive wire or bombing triangle. It is equal to the
planned Dive Angle plus the Target Placement Angle at checkpoint altitude.

Hung Ordnance: Bombs or rockets still attached to aircraft after an attempt to release has been

made. Unexpended ordnance (no attempt at release) will be treated as hung in the Training
Command.

"In Card Direction" : Indicates the pilot has intent to release ordnance and that the Master
Armament switch is set to ARM.

"In Cold/Winchester" : Indicates that the pilot has no intent to release ordnance and the Master
Armament switch is SAFE.

Initial Aimpoint: A point on the ground chosen as areference for initia pipper placement at the
beginning of the run. See also Final Aimpoint.
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Initial Sight Picture (1SP):
Initial Target Placement (ITP):

Interval: The aircraft ahead of you in the pattern; aso the distance between you and the aircraft
ahead of you.

Iron Sight: A fixed gun-, rocket-, or bombsight; no computer is used to aid the pilot in aiming.
See also Manual Délivery.

L

Lame Duck Pattern: The pattern flown by a pilot who for some reason cannot finish his flight
but does not have a serious emergency.

Late Sight Picture: The aircraft arrives at release altitude before the pipper arrives at the final
aimpoint. Will usualy result in along hit.

L AU 68: The rocket launcher used for 2.75" practice rockets; also called "rocket pod."
Line of Flight: The aircraft path through the air.

Line of Sight: A line from the pilot's eye through the pipper.

M

Manual Delivery: Weapons delivery unaided by computer; see also Iron Sight.

Mil: /6400 of acircle; 17.45 mils = 1 degree. 1 mil subtends 1 unit at 1,000 units (1 mil covers
1 foot at 1,000 feet).

Mil Setting: See Sight Depression Angle.
N

NORDO: No Radio. Refersto a pilot who is unable to receive voice communications. He will
still broadcast in the blind until established in the lame duck pattern.

O

Offset Aimpoint: An aimpoint displaced from the center of the target to compensate for wind at
release atitude. Calculated by using the following formula:

D=1.7xTxW (offset) = 1.7 x (time of flight) x (wind)
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P
Pendulum Effect: Caused by the depressed sight line. With one wing down, the pipper will
move in a direction opposite the bank; the line of sight swings through the air below the aircraft
like a pendulum.

Pickle: (noun) The weapons release button; releases bombs or rockets on the T-45C. (verb) To
release a weapon; usually used with reference to bombs.

Pigtail: The electrical connection between the pylon and the bomb rack or rocket launcher.
Pipper: The sighting device (usualy adot) in the center of the aiming reticle.

Pipper-to-Bull Tracking: A method of target tracking that ignores wind and places the pipper
directly on the center of the target, or bull.

PMBR: Practice Multiple Bomb Rack.

Pullout: Recovery from adive.

R

RadHaz: Radiation Hazard; some older rockets require ametallic shield on the aft end of the
launcher to protect the ignition mechanism from electromagnetic radiation that might cause
accidental firing.

Reticle: A pattern of lines, dots, cross hairs, etc. used in asighting device (HUD, gunsight).

Roll-in: The method of getting from level flight into adive at a sharp angle to the origina flight
path.

Roll-out: Rolling the wings level and upright to complete the roll-in and establish the dive.

Rolling Pullout: Recovering from the dive with wings not level; applying aroll input during
dive recovery may cause overstress.

Run-in Line: A line that represents the aircraft ground track or anticipated ground track in a
dive. An established run-in track on a practice target range.

S
Safe: Master armament switch is off.

Sight Angle: See Sight Depression Angle.
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Sight Depression Angle: The degree to which the line of sight is below the line of flight;
measured in mils.

Sight Picture: The reticle and the target as they appear together, superimposed.
Simo Run: Simultaneous run; two (or more) aircraft in the roll-in or dive at the same time.
Slant Range: The distance from the aircraft to the target measured in a straight line.

Straight-path Tracking: The portion of the dive where the aircraft path through the air isa
straight line, with the pipper moving continuously toward the target.

Switchology: Managing the positions of the various armament control switchesto release the
desired ordnance.

T
Target Depression Angle: The angle between the horizon and the line of sight to the target.

Target Fixation: The act of looking at the target only, paying no attention to flight instruments
or proximity to the ground.

Target Placement Angle (TPA): Derived for the checkpoint atitude, the angle between the
Velocity Vector and the line of sight to the target. Setting the proper TPA at checkpoint ensures
the pipper arrives at the aim point close to the planned release atitude.

Time of Fall: The time aweapon spends in the air from release to impact.

Time of Flight: See Time of Fall.

Trajectory: The path the weapon follows from rel ease to the ground.

Trigger: The switch on the front of the control stick; only operates the ssmulated gun on the
T-45C.

W
Winchester: Voice-cal that indicates all ordnance is expended.

Wind-Corrected Tracking: Adjusting the tracking run to compensate for wind so that the
pipper is on the offset aimpoint at release altitude.

Z

Zero Sight Line: The line from the pilot's eye through the sight with a sight depression angle of
zero mils.
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Zmin: Minimum releasef/firing altitude for agiven Z diagram based on terrain, fusing, threat or
frag. Also referred to as Rmin (Release Minimum). Releasing below Zmin should never be
attempted.
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