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initial
pipper position

bomb range may be extracted from the “dash
34" tables. It is the exact horizontal distance
from the target at release due to a given bomb
trajectory. Since sides Y[ and B[ are known,
side Sy is also known and the fixed sight is, in
effect, a distance measuring device. Parallax
could be discussed but it is not relevant to this
article. Ry is equal to Y cot ©. A is the dif-
ference between R [ and B ;. Angle ¢ is opposite
side A. The relationship of angle ¢ to depression
below flight path as effected by changing angle
of attack is the basis of our discussion.

Figure 3

INITIAL ROLL IN GEOMETRY
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Let us examine the roll in geometry using
Figure 3. Note that Figure 2 is contained within
this figure though not labeled. Triangle Y R P i
is similar or directly proportional to triangle
Y rR P r since flight path (P) is constant if the
attack is flown correctly. Total depression (D¢)
is a projection of the depressed sight line. If it
were not for angle of attack change due to
increasing airspeed in the dive. S| would be
parallel to S . As altitude (Y) decreases the pro-
jection of D¢, the extended sight line, tends to
move toward the target. This phenomenon is
known as tracking. The point the pipper
intersects the horizontal plane is annotated by T.
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Point Ti defines point T at roll in. Side S is al-

ays the line of sight from the pilot's eye
through the sight to the target which is being at-
tacked. Side S; defines side S at roll in. This
line is the subject of this article. It should be ap-
parent that the position where this line
intersects the fixed sight can be calculated. It
must also be understood that the pilot does not
cause tracking; rather, tracking is the result of
shortening side Y from condition Y (Figure 3)
to Y , (Figure 2). Tracking is affected by angle of
attack change which can be plotted from in-
formation available in the “dash 34.” Tracking is
also affected by wind and will be discussed
later. The pilot can alter the natural tracking
rates by generating inputs such as pitch
changes. These inputs may make the pilot happy
but they cause the sight to lie. This one point, if
understood by everyone, would greatly decrease
our tactical forces’ CEA.

We have perpetuated ignorance by teaching
“tiger error bombing,” i.e., steep, fast, and press.
To make the “tiger error” system work, we must
become “old heads,” learn to relax “G,” and
waste a lot of valuable training resources learn-
ing how to roll in a little close and a little steep
with the pipper shorter than it should be so we
can “track,” i.e., pull the pipper up. then unload
to the proper “G,” and pickle. This whole
process is wrong, but we can then spend great
effort debriefing so we can learn how to fudge
the whole pass to make it finally look right. The
“G"” releasing routine gets great emphasis in
some circles but at this point it should be ap-
parent that the only thing accomplished is a
happy crew. Eventually we even get pretty good
at the “tiger error” system as unit bomb records
portray. Why not fly a constant dive angle,
constant release “G,” and do it the easy way?

Let us return to sides S and Dy. On a practice
range with concentric circles, we can put the
pipper a certain distance short at position T or
Ti at roll in. In combat, judging this exact
distance or point is a bit more difficult without a
thorough knowledge of the fixed sight. Initial
pipper position technigues will work on all fixed
sights. For the purpose of this discussion, let's
use the F-4 sight for illustration.

The F-4 sight has a pipper 2 mils in diameter,
an outside reticle radius of 25 mils, 12% mil
indexes, and tabs at the top 6 mils above the
top of the reticle or 31 mils above the pipper
center (Figure 4).
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FIGURE 6

below the desired flight path. The exact distance
short is the length of the horizontal line cutting
the parallel flight paths. This distance is also
viewed in mils on the sight as the distance
between the known and desired pipper position.
If one elected to continue the dive until the pip-
per was on target, the additional altitude loss
would be about 200 feet. Then, under these
conditions, the bomb would be long since 125
mils is not the correct setting for the new
parameters - lower and slightly faster release.
Ideally, the error can be corrected at roll in by
floating the roll or by pulling up to the proper
flight path, bunting to intersect the path, then
flying proper “G” to release. If this is not possi-
ble, try not to change dive angle unless a new
mil setting is known. Explaining this technique
of changing dive angles and mil settings and/or
release parameters is complex and will be dis-
cussed in a future article. The best technique for
small errors is to use half the recognized error,
or two mils in this case, and drop when the
sight is two mils short. The release will be at ap-
proximately 3,900 feet AGL. which still allows
adequate recovery altitude. A detailed dis-
cussion of this technique requires a lengthy dis-
cussion and will be accomplished at a later time.

During the actual pass, monitor the desired

GROUND ATTACK

position versus actual target position in relation
to the sight. Any deviation from the desired or
known position will indicate a corresponding im-
pact error. For small errors use halt the error for
correction. Continually compute a new half the
error point by comparing actual with desired
pipper position until release.

Let us now turn to the real world of winds and
discuss initial pipper placement. It can be shown
both mathematically and from flight tests that
the time from stabilized roll in to release for all
current parameters and deliveries of low drag
munitions is very nearly double the projectile
time of fall or T¢ . This fact is the reason for the
adage, “Triple the offset for initial cross wind off
set.” (This is not true for either short time of
flight munitions like rockets or 20mm or for
newer high drag items such as Rockeye or most
varieties of CBU.) Tripling the offset will work for
initial cross wind offset for “traditional” bombs
only. Merely triple KR3 as found in the “dash
34" and multiply the cross wind component by
that factor for initial lateral pipper placement in
feet. It should be apparent that in a homo-
geneous wind that double the offset will be re-
quired at 7,000 feet AGL for the example used
in this article.

The fixed sight also has an infinite number of
offsets in the horizontal as depicted in Figure 7.

In a homogeneous wind the lateral pipper drift
is relatively slow. This is due to the fact that as
slant range decreases, the distance measured by
a constant mil setting in the lateral axis de-
creases. This rate tends to approximate the total
wind effect versus time remaining. The dif-
ference is related to cross trail. For example,
with about 13 knots of left cross wind, one
would have a final aim point of 144 feet left for
our example BDU-33A/B. This offset would be
25 mils offset or on the 3 o'clock portion of the
outer reticle. Initial position at 10,000 feet AGL
iIs 432 feet or 31 mils initial offset at roll in. The
total drift is 288 feet but only 6 mils due to
decreasing slant range. It should be noted that
this drift is linear when plotted versus altitude
loss. It can be shown for every 4 mils of lateral
offset required at release. that initially 5 mils
must be offset at roll in for our example. Other
similar relationships can be arrived at for
ordnance you may be responsible for if you will
take the time to sit down with a paper and
pencil and work them out. The example relation-
ship is basically true for standard parameters for
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“keep the sharp
end pointed forward”

check this unnecessary drain on combat
potential.

Extensive efforts have been expended in the
area of aircraft modification; among these were
downspring removal, stab aug, fuel system,

FIGURE 1
RUDDER EFFECT-YAW CONTROL

HANDLING QUALITIES

DIRECTIONAL STABILITY

continuous AOA indexer, AOA indicator rear
cockpit, 3-pound bob weight, aural stall warn-
ing, 16-pound overbalance, and leading edge
slats. The Rivet Gyro program has investigated
the F-4 system, seeking to eliminate uncom-
manded flight control inputs and related pro-
blem areas. These programs have proved bene-
ficial; however, losses continue.

During 1969-1970, a “stall/near-stall investi-
gation” was conducted by the Air Force Flight
Test Center at Edwards AFB. As a result, we
know a lot more about the flight characteristics
of the F-4. During fiscal 1974 at the request of
PACAF, USAFE, and TAC, a stability and control
briefing team representing TAC, AFSC, and AFLC
visited all F-4 units in an effort to reeducate
aircrews in this vital area. Examinations ad-
ministered during this effort, experience in the
Fighter Weapons School, and evidence gathered
through extensive unit visits point to several
problem areas contributing to our loss-of-con-
trol record. Elimination of these factors is
necessary to check the spin-crash-burn trend.

MAINTENANCE. | challenge commanders to
bring our basic riggers and STAB AUB/AFCS
personnel up to speed on T.0. procedures and
proper maintenance practices. If flight control
malfunctions elude T.0. procedures, ask for
depot assistance. The ALC and/or MACAIR will
inevitably provide a solution.
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QC. | challenge commanders to limit the
number of FCF aircrews. Three to five
“professional FCF aircrews” are adequate to
service a wing. These test personnel must
understand Dash Six procedures thoroughly,
and should always perform a complete test
profile. | recommend an'FCF school” for air-
crews. Too often, incomplete testing or mis-
understanding of test procedures produces mar-
ginal flight control systems.

OPERATIONS. | challenge operations to edu-
cate our pilots in proper execution of ground/
airborne flight control check procedures.
Marginal/malfunctioning systems should be
aborted immediately with a complete and ac-
curate debriefing by the most highly qualified
specialists available. Always write up the
systems completely, regardless of anticipated
impact on the daily flying schedule. It's better to
MND than to end up in a critical emergency.

ACADEMIC TRAINING. | challenge all F-4
aircrews to thoroughly educate themselves in
stability and control. Begin with an in-depth
study of Section VI of the Dash One. The “stall/
near-stall investigation” final report, produced
by AFFTC, is an excellent expansion of the out-
of-control characteristics of the aircraft. The
movie, “Unload for Control,” filmed during that
test, is a superb capsulization of loss-of-control
characteristics. This film is required in the RTU;
however, | recommend several viewings by all F-
4 aircrews to gain an adequate, in-depth under-
standing of both out-of-control characteristics
and recover techniques. The 58 TFTW ISDT, in
cooperaton with TAC, AFSC, AFLC, and AAVS;
has produced a sound/slide training presenta-
tion on the subject. | recommend several view-
ings by each F-4 aircrew. Thorough academic
training is the essential foundation; however,
this first step must be followed by an equally
intensive flying training program.

FLYING TRAINING. | challenge the RTU/CCT
and CIS to conduct a thorough aircraft handling
program. Marginal performance cannot be
condoned. Loss of directional stability at high
angle of attack causes departure from controlled
flight. Conversely, proper control of AOA will
eliminate departure, or loss-of-control. | direct
your attention to Figure 1, a simplistic, unscaled
quantitative graph displaying the deterioration in
aircraft handling qualities with increasing angle
of attack. At 20 units note that, while rudder ef-
fect and dihedral effect are quite high, adverse
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back to basics:

Figure 1

500KIAS RELEASE 3000'
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=
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PULLUP-POINT (PUP)

BASE 550KIAS
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to maintain your base airspeed at full military
power, roll out, and unload to“Q"-G, accelerat-
ing to 500-550 KCAS, and descend to the
desired approach altitude. Initiate level-off on
base early enough so that you don’t have to
“reef” in 4-Gs and bleed off airspeed un-
necessarily. At the pull-up point, a wing's-level
4- to 5-G pull to the desired climb angle is
initiated. In the case of a low thrust-to-weight
ratio, or if a significant climb to reach the
desired apex altitude is required, it may be
necessary to have the afterburner(s) going prior
to “G” onset at the pull-up point. Be sure you
are aware of your aircraft’'s low altitude handling
characteristics. As an example: The first time
you F-4 drivers plug in the burners at 500-550
KCAS below 1,000 feet AGL, the pitch-down will
get your attention if you are not anticipating it.
Upon reaching the desired climb angle, unload
the aircraft to establish a stabilized climb to the
roll point. During this climb, some pilots will
have a tendency to roll and look for the target
and may even roll in as soon as they acquire the
target; both errors could have serious conse-
quences. In the first case. you may end up in-
side the MAP with an unacceptably steep dive
angle. In the second case, most pilots will
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initiate the pull-down well below the proper
altitude which will result in an excessively
shallow dive angle. This normally means the
weapon will be released below the minimum
altitude for fuze arming time and/or safe
separation. Moral to the story: Pull-up at the
proper point and start the pull-down at the
proper altitude by referencing ye ole altimeter.
At the roll altitude, roll to acquire the target and
initiate the pull-down to the aim-off point at the
pull-down altitude. Transitioning from the climb
phase to the roll and pull-down phases to
achieve the desired dive angle requires that the
aircrew be aware of airspeed, “G” available, and
the flying characteristics of the aircraft. Airspeed
at the roll point and pattern apex should be 20
to 50 and 50 to 100 knots respectively below
delivery airspeed. These parameters may seem
quite wide, but they allow for variations in the
magnitude of the maneuver, individual pilot
technique for “G” onset at pull-up, climb angle,
aircraft thrust-to-weight ratio, and roll-in tech-
niques.

Initially, the pilot may feel that the canopy
clues available during a pop-up attack are much
different than from a box pattern. However, he
will notice that as he transitions during a
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