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Figure 1-1.  T-45C Manual Sight

The T-45C manual bombing sight.  Let’s take a closer look at the components of the sight.  The A/G mode can be selected two ways, either by depressing the MODE button located on the DEP twice, or by boxing A/G on the STORES page located on the MFD by selecting MENU, STORES, A/G.  When selecting the A/G mode, the HUD initializes in the UNCAGED mode.  In doing this, you will notice the Velocity Vector (V V) and the pitch ladders move together, with the pitch ladders rotating around the V V.  In the UNCAGED mode, the V V and pitch ladders are wind corrected thereby showing the actual Flight Path of the aircraft through the air.  The heading, altitude box, airspeed box, manual sight, true airspeed, AOA mach, G, max G, GPS clock, mil setting, weapon select, and DME are all fixed in the HUD and remain in a stationary position.

The manual sight angle or “pipper” is the dot located at the intersection of vertical and horizontal dashes as shown in figure 1-1.  The pipper is depressed a certain number of mils below the Armament Datum Line, or ADL.  The ADL in the HUD is located at the top of the altitude and airspeed boxes.  Each dash represents 25 mils and the scale originates from the pipper.  Shown here, the sight angle setting is 128 mils for 30 degree bomb delivery.  Therefore, the pipper is depressed 128 mils below the ADL.  The sight angle setting is derived from the data delivery tables taken from the T-45C NATOPS for the specific release parameters, for the particular dive angle, as discussed in the Weapons Stage Lecture.  In the fleet, you will be able to find these sight angle settings in the aircraft Tactical Manuals and also in computer generated, weapons delivery planning tools.
Pipper validity.  The pipper is the bombing sight which indicates where the bomb will impact the ground if, and only if, the predetermined parameters are met.  Through the weapon’s delivery data table we find the parameters for the sight angle setting.  For example, the 30 degree dive, those parameters are:  dive angle = 30 degrees; 450 KTAS; 3000’ AGL release altitude and optimum G, .87g.  If, and only if, at these parameters will the bomb impact the surface where the pipper overlays the ground, on a no-wind day, wings level and in balanced flight (center ball).  Any deviations or errors in those parameters will cause the pipper to be invalid, and therefore, error corrections will need to be applied. 
Pipper “Rules of Thumb”.  During straight path tracking, after roll-in, the pipper is placed a certain number of mils below the aim point initially.  While maintaining the resultant dive angle constant, the pipper will naturally track up towards the target.  Once the sight angle is determined for release altitude, we can roughly determine how far below the target the pipper needs to be placed during the tracking run.  We use the pipper rules of thumb to determine a checkpoint altitude and what our sight picture should look like at this point in our tracking run.  The pipper tracking rules of thumb state:  

The pipper is placed below the target:

1. 2/3 the sight angle at 3 times the release altitude;

2. 1/2 the sight angle at 2 times the release altitude, and;

3. 1/3 the sight angle at 1.5 times the release altitude.

The rules of thumb are not 100% accurate, but are good “gouge” for planning purposes.  Just like many things, we could measure with a micrometer, but in the end, we wind up cutting with a chainsaw.  These rules explain how the checkpoint altitude numbers in the Z diagram were derived.  Let’s take a closer look at the checkpoint altitude.
The checkpoint altitude.  The checkpoint altitude is a “how goes it” altitude.  As we have discussed earlier in tracking chalk talks, there are many ways we can fly our aircraft to arrive at this point in the run:  Curvilinear-straight path, straight path, straight path-straight path (3-5-7).  Personally, I could care less if you can fly the aircraft while standing on your head, but once you arrive at the checkpoint altitude, the pipper NEEDS TO BE a certain number of mils below the aim point, whether that’s pipper-to-bull on a no wind day or offset aim point correcting for winds, in order for you to get a release solution close to the planned release altitude.  As you can see in our Z diagrams, we use rule of thumb #3 to determine our checkpoint altitude.  For example, lets look at the Z diagram for 30 degree bombs.  Starting from our planned release altitude of 3000’ AGL.  3000 x 1.5 = 4500.  4500’ AGL is our checkpoint altitude.  Using the same rule of thumb, the pipper will be 1/3 the sight angle below the aim point at this altitude.  128 ÷ 3 = 42.  So the pipper needs to be 42 mils below the aim point at 4500’ AGL.
Here are the Z Diagrams we use here in the training command.
T-45C “Z” Diagrams

[image: image3.png]30° Bomb 20° Bomb 10° Bomb
250 KIAS 8.0 ACD 300 KIAS 6.0 ACD 350 KIAS 2.5 ACD
23 27 22
TPA TPA TPA
5o 5o 4o

128 SA /| TOF 6.7

450 KTAS 3.0
2.7 Zmin
92 - 94% LAW 2000

130 SA / TOF 6.0

450 KTAS 2.0
1.8 Zmin
96 -97% LAW 1500’

117 SA /| TOF 5.0

450 KTAS 1.0
0.9 Zmin
MRT LAW 600’





Checkpoint altitude sight picture.  Figure 1-2 below shows a 30 degree dive.  The aim point is the Offset Aim Point (OAP) 75’ @ 7:30 due to a quartering tailwind.  Notice how the pipper is 42 mils below the OAP.  Target elevation is 100’, making the checkpoint altitude 4600’ MSL as shown here.  The resulting dive angle is maintained until the pipper arrives on the OAP.
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Figure 1-2.  Checkpoint Altitude, Initial Pipper Placement
It is important to point out that if the pipper is more than 42 mils below the OAP at checkpoint altitude, it would require a longer tracking run for the pipper to reach the OAP, causing for a LATE sight picture, which means a lower than planned release altitude.  Conversely, if the pipper is less than 42 mils below the OAP, the pipper will reach the OAP sooner, causing an early sight picture / high release.  This is the reason we don’t just set the planned dive angle at checkpoint altitude.

Introducing the Velocity Vector and Target Placement Angle (TPA).  Flight Path Angle is determined by referencing the velocity vector to the pitch ladders.  Dive angle is determined by referencing the waterline (same as the ADL shown in Figure 1-3) to the pitch ladders.  In a no-headwind or no-tailwind condition, the velocity vector is equal to the ADL at 450 KTAS.  Therefore, the bomb would impact the ground 128 mils below the velocity vector at the 30 degree release parameters where the pipper overlays the ground.  In this instance of a no-wind day, working backwards from release altitude back to checkpoint altitude, the pipper would be 42 mils below the TARGET and the V V would be 86 mils above the TARGET.  Just as the V V and pitch ladders correct for lateral drift, it also shows Flight Path Angle (FPA), correcting for wind in the vertical plane.  So, laterally or vertically, the uncaged V V shows where the aircraft is going.  When we release the bomb, the bomb takes on the aircraft’s V V and will fall below the  V V of the aircraft, due to Trajectory Drop (TD).  Since the V V and pitch ladders are wind corrected, we could use them to aid us in putting steel on target more accurately. 
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Figure 1-3.  Checkpoint Altitude, Target Placement Angle (TPA)
Since the V V and pitch ladders move separately from the manual sight, we need to determine the distance the V V needs to be above the target at checkpoint altitude instead of the distance the pipper needs to be below the OAP.   In figure 1-3, we can see the pipper is 42 mils below the OAP, this makes the V V 86 mils above the target.  Due to the tailwind component, the ADL is starting to become slightly depressed below the V V.  This will become more noticeable at release altitude as we will see later.  This is the reason why we reference the pipper below the OAP and V V above the target.  When referencing V V above the target, we can’t determine 86 mils below the V V by referencing the manual sight since the ADL will adjust vertically into the wind.  We can, however, determine the number of degrees 86 mils represents by referencing the pitch ladders.  There are 17.45 mils in 1 degree; 86 ÷ 17.45 = 4.9 or 5 degrees.  So, 5 degrees is our Target Placement Angle or TPA at checkpoint altitude.  The TPA is defined as the angle between the FPA (the V V) and the line of sight to the target.  It can be determined for any portion of the dive but is most likely determined for checkpoint altitude, as calculated here.
Setting the TPA at Checkpoint Altitude.  Just prior to checkpoint altitude, let’s say 200’ prior, the TPA needs to be set so that it IS set at checkpoint altitude.  The V V needs to be placed on the FPA which yields the TPA and the resulting FPA is then MAINTAINED until release solution.  NO ATTEMPT SHOULD BE MADE TO JUST SET THE PLANNED DIVE ANGLE.  
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Figure 1-4.  Release Altitude, Pipper Placement
It would be optimum if setting the TPA yields the planned dive angle.  If by setting the TPA yields either a shallow or a steep dive, that’s when the error corrections come in.  Freeze the dive angle and the pipper will naturally track to the OAP as long as the V V is directly above the target.  Figure 1-4 and 1-5 show by maintaining the resulting FPA and keeping the V V above the target, the pipper naturally tracks to the OAP.  As long as the correct TPA is set at checkpoint 
altitude, the pipper will reach the OAP at release altitude, if on the planned dive angle.  A steep FPA will result in the pipper arriving at the OAP 100’ high for every 1 degree steep and a shallow FPA will result in the pipper arriving at the OAP 100’ low for every 1 degree shallow.  If an insufficient amount of TPA is set at the checkpoint, the pipper will be greater than 42 mils below the OAP and a late sight picture will develop.  If more than the TPA is set, the pipper will be less than 42 mils, resulting in an early sight picture.
Release Altitude Sight Picture.  Figure 1-5 shows the release altitude sight picture with the OAP 75’ at 7:30.  This yielded a hit of 33’ at 3:30.  Notice with a tailwind, the ADL is compensating for the tailwind component because the V V is showing our actual FPA.  With the ADL depressed, so does the pipper.  Also notice that the pipper is 128 mils below the ADL and the target is 128 mils below the V V.  This is the reason we reference the V V above the target and not the OAP.  This is a good example of a tailwind causing a steep dive angle.   
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Figure 1-5.  Release Altitude

CCIP Bombing.  In the fleet, CCIP will be the backup mode of delivery.  Just like manual bombing was the backup for computed deliveries in years past.  Manual deliveries are not practiced in the Replacement Squadrons nor in Fleet Squadrons, with the exception of the S-3 community.  Using the V V in our manual mode will teach us the basics of CCIP bombing at the same time, teach us the importance of parameters.  But most of all, it produces a safer student on CCIP solo hops and teaches the proper techniques of computed deliveries.  When we ultimately switch to CCIP mode, we need to apply the same rule of setting the TPA at checkpoint altitude and it will result in a release solution very close to planned release altitude as long as our other parameters are on.  The CCIP mode bombing sight will be a topic of the next handout. 
Conclusion.  This concludes this lesson on the T-45C manual sight.  I hope you’ve found this handout enhanced your basic understanding of the manual bombing sight as we continue to produce the next generation of Air-to-Mud Naval Aviators.  Take pride in your Weps stage instructor qual.  Our students will reap the benefits and will hit the FRS’s running!





Be on target, on time, first pass!!!
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