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Greetings 

from the 

AFISC 

Commander 

• Happy New Year! With the end of the 80s, each of you can take great pride in your 
contributions to flying safety and enhancing our combat capability. Your accomplishments 
have been many. You are flying and maintaining the most sophisticated weapon systems in 
the world and training under very demanding scenarios. Last year was the seventh consecu­
tive year the Class A flight mishap rate was below 1.8. Congratulations! 

This issue of Flying Safety magazine focuses on safety and our future weapon systems and 
programs-Safety Programs in Advanced Technology. In FY90, the Air Force plans to spend 
nearly $50 billion on advanced weapons systems. This issue illustrates some of the system 
safety and engineering programs that are an integral part of the development and modifica­
tion process. Your innovations and dedication to safe operations assure these advanced sys­
tems will be key elements of our national security as we approach the 21st century. 

You can be proud of your past accomplishments in helping to secure the peace so many 
enjoy today. The challenges of the 90s are great, and I know you will successfully meet them 
head-on as you have done before. 

Betty and I wish each of you a happy, prosperous, and safe 1990. • 

lffe~alfle~ t'. Oav-1d.fM 
Major General, USAF 
Commander, Air Force Inspection and Safety Center 

.. 

• 

• 
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SYSTEM 
SAFETY 

What is it? 

LT COLONEL JOHN W. KOCH 
Directorate of Aerospace Safety 

• How can system safety engineers 
help you keep from running your A 
aircraft into the ground? Will they W 
be able to prevent a fire should you 
have an unexpected collision with 
the ground or another aircraft? 
Can your handling of an engine 
tube cause that engine to fail? How 
do composites affect your safety? 
Should you be concerned about the 
software in that black box on your 
aircraft? What is system safety? 

To begin with, system safety can, 
and has, made many significant 
contributions to the safety of the 
equipment and aircraft you work 
with and fly every day. Other arti­
cles in this issue describe some of 
the advances, and in the the follow­
ing paragraphs, I'll give a brief his­
tory of the developme of the 
system safety process, d scribe just 
what it is that ~tern safety engi­
neers do, p.nd ose with a sugges­
tion o w you can help us do our 
job be ter. 
Historical Perspective 

System safety has been an evolu­
tionary process. Beginning with the 
Wright brothers and lasting well A 
into the 1960's, the primary design W 
philosophy prevalent in the aircraft 
industry can best be described as 
one of "fly-fix-fly." In other words, 
an airplane, or other system, was 
designed, built, and then flown. As 
parts or systems broke, failed to 
work properly, or caused mishaps, 
they were redesigned. The airplane 
was then flown again to see what 
else would happen, redesigned, 
and flown again until a relatively 
safe and reliable design was agreed 
upon. 

The beginnings of system safety 
in the Air Force are difficult to pin­
point, but sometime in the late 
1950' s, designers began to realize 
there must be a safer and better 
way of doing business. It is gener-
ally accepted the space and missile 
community took the first steps to­
ward initiating formal system 
safety programs in the develop-
ment of aerospace systems in the 
late SO's and early 60's. From these 
tentative beginnings then has 
evolved the modern-day system 
safety discipline. 



And how you can contribute ... 

Modern System Safety 
All major aerospace systems 

now have active, effective, and visi­
ble system safety programs. They 
are governed by MIL-STD-882B, 
System Safety Program Require­
ments, and AFR 800-16, USAF Sys­
tem Safety Programs. 

How does the modern system 
safety engineer reach his goal? By 
analyzing the design of a system to 
ensure risk is reduced to an accept­
able level. The key is that at the 
same time, a system must meet its 
mission requirements. We in the 
system safety community realize 
you have an important mission to 
perform. So rather than totally 
eliminate all hazards (i.e., don't 
fly), our goal is to minimize your 
risk. We study past mistakes and re­
design systems so similar problems 
are not repeated. We accomplish 
this by comparing parallel develop­
ment efforts to prevent making the 
same mistake, at the same time, in 
two different systems and by learn­
ing about advances in technology 
to see where we can make improve­
ments in both existing and future 
systems. 

Our goal is to make inputs as 
early as possible in the life cycle of a 
system. Obviously, it is less expen­
sive and easier to change a design 
that has not been put into produc­
tion than to try to retrofit a fleet of 
operational aircraft. So although 
the bulk of our effort is with devel-

oping systems, the system safety 
process does not end until the last 
aircraft is in the boneyard. 
How Can You Help? 

How does system safety relate to 
you, the operators and maintainers 
on the line? First, you are now fly­
ing and maintaining equipment 
that has been designed with a con­
scious effort to make it as safe as 
possible. Second, and most impor­
tant, you can have an input into im­
proving the safety of the equipment 
you work with because system 
safety is a never-ending process. 
We have designed the equipment 

for your use. If it can be improved 
through redesign, we need to know 
so we can evaluate the costs of fix­
ing your equipment as well as 
changing future systems . When 
you find something we've missed, 
pass the information to your local 
safety office. They, in turn, can for­
ward it to your command safety ex­
perts who will send it to the 
respective system safety group. You 
may also call us, AFISC System 
Safety and Engineering Division, 
AUTOVON 876-4104. By working 
together, we can all make our Air 
Force a safer place to work. • 

Shown here is the AMRAAM missile test over White Sands Missile Range, New Mexico. 
System safety analysis techniques were used to help ensure its safe launch and operation. 
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F-15 
STOL/MTD 

On The Leading Edge 
MAJOR TONY D'ONOFRIO 
Directorate of Aerospace Safety 

• As you are reading this article, a 
most remarkable flight test pro­
gram is winding down at Edwards 
AFB, California. The subject of this 
flight test program is a highly mod­
ified F-15 Eagle that was more than 
4 years in the making. 

From external appearances, it 
would seem the only differences 
between this flight test aircraft and 
other F-15s are those funny-looking 
canards forward of the wings and 
the square nozzles in back. 

But looks can be deceiving. This 
aircraft was almost totally rede­
signed from the gear up. The ca­
nards and nozzles are part of four 
key technologies being evaluated 
that will hopefully greatly enhance 
both fighter takeoff and landing 
performance, as well as up-and­
away maneuverability. This is one 
Eagle jet like none ever seen before! 

STOUMTD 
The requirements for the Short 

Takeoff and Landing/Maneuver 

4 FLYING SAFETY• JANUARY 1990 

Technology Demonstrator (STOL/ 
MTD) were generated by the threat 
facing our forward-deployed fight­
ers, and called for a fighter which 
could operate from a runway 50 

feet wide and 1,500 feet long with e 
full internal fuel, 6,000 pounds of 
external stores, and in crosswinds 
up to 30 knots. It also had to operate 
on slippery runways and over re-

This 20 thrust vectoring/reversing nozzle is used on the F-15 Short Takeoff and Landing A 
Maneuver Technology Demonstrater aircraft. It is held together by over a mile of welds. W' 



Figure 1. 

• Conventional Thrust Mode 

paired bomb craters. All this was to 
be attained with no penalty in the 
aircraft's baseline maneuverability 
and range. 

~ , ! 

r-------___ .:--;-------- ----
1 ,' 

c. ~,s;;~ 
• Augmented 

• Approach/Reverse Mode 

The effects on takeoff roll are just 
as spectacula1: In-flight simula­
tions, hopefully backed up by final 
flight test data, have shown takeoff 
roll under lightweight conditions to 
have been reduced to as little as 400 
feet. Vanes mounted on the top and 
bottom of the nozzles can be sched­
uled from 45 degrees to 135 de­
grees, giving the pilot precise 
landing approach and reverse 
thrust capabilities. The reverse 

thrust capability not only allows 
shortfield landings, but also im­
proves in-flight maneuverability. In 
combination with the additional lift 
and improved pitch, roll, and yaw 
characteristics provided by the ca­
nards, the 20 vectoring/ reversing 
nozzles provide unmatched track­
ing and dogfighting capabilities. 

Landing Gear 
The landing gear on the F-15 

STOL/MID aircraft is based on the 
F-15C/0 aircraft with modifica­
tions to improve durability. The in­
creased sink rate and the require­
ment to operate over bomb-cra­
tered runways resulted in changes 
to orifice areas, bearings, and pres­
sures within the strut high and low 
pressure chambers. 

The addition of canards and vec­
toring nozzles provides the F-15 
STOL/MID pilot with the equiva­
lent of four additional independent 
flight control surfaces. As you can 
imagine, a system was required to 
integrate these surfaces into the rest 
of the F-15 flight control system. 
The Integrated Flight Propulsion 
Control System (IFPC, see figure 2) 
was designed to make the addi­
tional control surfaces transparent 
to the pilot. The system is fly-by-

continued 

Competition resulted in the F-15 
being chosen to demonstrate the 
technologies required to meet the 
STOL/MID requirements. These 
technologies included: (a) 20 vec­
toring/reversing nozzles, (b) 
rough/ soft field STOL landing gear, 
(c) an integrated flight/propulsion 
control system, and (d) an ad­
vanced pilot-vehicle interface. Figure 2. 

New Nozzles 
The development of the 20 vec­

toring/ reversing nozzles is one 
area of the program that the author 
is greatly familiar with. I had the 
privilege of working within the 
program office at Wright-Patterson 
AFB, Ohio, during the time the noz­
zles were being constructed at Pratt 
& Whitney. Without a doubt, this 
nozzle is one fantastic and compli­
cated piece of machinery. As you 
can see from figure 1, the nozzle can 
be used in a variety of modes to sat­
isfy the STOL and maneuvering 
mission. The nozzle is capable of 
vectoring thrust within ± 20 de­
grees while the aircraft is in flight. 
The effects of vectoring are dra­
matic. For example, at mach 0.3, 
the F-15 STOL/MTO has a 33-per­
cent improvement in pitch rate e over the F-15B. 

Flight 
Controller 

~-- , 
~; !fo 

...------=~==.---,---__J· .. • ----.1 Seosms I 

Throttle 
Servo 

Nozzle 
Controller 

Engine 
Controller 

FLYING SAFE1Y •JANUARY 1990 5 



F-15 
STOL/MTD 

On the 
Leading 
Edge 
continued 

wire and is centered around a mas­
ter flight control computer linked 
to sensors providing flight data, as 
well as servos providing pilot-re­
quested flight control and engine 
thrust inputs. The flight controller 
combines the pilot-requested in­
puts with available flight data and 
decides which control surfaces 
have to be moved and how much to 
move them. The flight control com­
puter commands nozzle positions 
and modes through the nozzle con­
troller. The bottom line is the IFPC 
allows any pilot to fly this aircraft 
with very little special training. 

If the F-15 STOL/MID was to 
meet its requirement of precise 
landings on bomb-damaged run­
ways in poor visibility without the 
use of outside landing aids, a sys­
tem was needed to locate and direct 
the pilot to a usable portion of the 
runway. The system that was devel­
oped is referred to as the pilot-vehi­
cle interface (PVI, see figure 3). The 
PVI is based on F-lSE technology 
and makes use of a forward looking 
infrared radar (FUR) with a high­
resolution mapping radar to desig­
nate a runway touchdown point on 
the HUD. An E-shaped bracket on 
the HUD will inform the pilot if his 
approach is correct. Flightpath cor­
rections in the STOL landing mode 
are made by adjustments to air­
speed using throttle controls. The 
pilot basically just points the air­
craft to where he wants to land. 

The expected F-15 STOL/MID 
performance improvements (see 
figure 4) alone would, no doubt, 
make any pilot drool at the thought 
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Fig:.irc 3. Advanced Pilot-Vehicle Interface 

of flying this aircraft. However, lest 
we forget this is a safety magazine, 
I should mention the ability to land 
on runways 1,500 feet long by 50 
feet wide dramatically increases the 

chances for safely returning from a 
mission. Even if runways are wiped 
out, taxiways, even roads, become 
suitable substitutes because of 
STOL/MID technologies.• 

Figure 4. 

S/MTD PERFORMANCE IMPROVEMENTS OVER F-158 

STOL 
Takeoff Distance 

Landing Distance 

Maneuvering 
Pitch Rate, Mach 0 3/20.000 ft . 

Roll Rate, Mach 1.4/40,000 ft . 

c Mach 1.4 . 
L max' 

Mach 0.8 .. 

Accel Rate, Mach 1.4/40,000 ft . . 

Mission 
Cruise Range Factor . 

-1 0 0 10 2 0 3 0 4 0 5 0 6 0 7 0 80 90 
Percent 



• A simple pattern mission can 
turn sour in a hurry, even for an old 
experienced wing safety officer and 
an assistant wing DO. Late one 
gray, chilly afternoon at a SAC base, 
we joined a crew aboard a mighty 
B-52 for a local instrument training 
mission. We had 3 hours of fuel on 
board, plenty for a few instrument 
approaches and some touch and 
go's. Shortly after takeoff, the field 
went below minimums, and as luck 
would have it, our heading system 
rolled over and died. 

We checked with command post, 
and they directed us to a "suitable" 
alternate airfield. Unfortunately, as 
we discovered upon arrival, the 
weather there had dropped below 
minimums. A third base was then 
recommended, but it was unsuit­
able because it was also IFR with 
heavy thunderstorms between us 
and them. We were quickly running 
out of fuel, ideas, and locations. 

We knew of a base some 500 
miles to our west, well within 
range, where the weather was VFR. 
It was a good decision for an air­
frame with heading problems. We 
suggested it to our command post 
who responded they were "work­
ing our problem and would get 
back to us." As far as we were con­
cerned, the problem was already 
worked, and we had decided where 
we would spend the night. As dark­
ness fell on the snow fields below, 
we headed west. 

A few minutes later, our com­
mand post advised us our new al­
ternate was a base to the east where 
the weather was 2,000 feet overcast. 
That meant penetrating at night 
with an unreliable heading system. 
No thanks. We continued westward 
and asked our command post to ad­
vise their counterparts at our 
chosen destination that we were 
coming. 

The controller was doing all he 
could to help, but he wasn't in com­
mand of the airplane. I was. He 
might not have understood the 
severity of our heading system 
problem. I did. He and those who 
helped him work my problem were 
not in the key position to decide on 
the best choice of divert base. I was. 
Picking the best alternate wasn't his 
responsibility. It was mine. Had I 
asserted that responsibility earlier, 
I might have saved all concerned a 
lot of work. 

So, remember to pay close atten­
tion to the weather forecaster 's 
briefing and always have an alter­
nate plan in case of unexpected di­
versions. And, oh yes, don' t forget 
who really has to live with the deci­
sions made while you are airborne. 

• FSO's: Recommend you discuss diversion 
plans at one of your next squadron safety 
meetings.- Ed. 
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Why Some People Don't Catch Many Fish ••• 



COL CHARLES MAAS 
Directorate of Aerospace Safety 

e • Fishing's a wonderful way to 
relax. Just being there has its own 
satisfaction, and the first strike sim­
ply yanks the plug on all those ten­
sions built up during the week. The 
doctors are even telling us we'll live 
longer if we eat more fish. Great! I 
didn't need an excuse, but that's 
even more reason to regularly prac­
tice one of Curt Gowdy' s hottest 
angling tips ... "a wet line catches 
more fish." 

Now in some parts of the coun­
try, avid anglers have the opportu­
nity to combine the honorable sport 
of angling with another great 
love-aviation. 

Everyone needs an opportunity 
to relax and recharge. That's what 
recreation is for: An activity that's 
fun and requires a little less concen­
tration than your regular job. For 
the aviator, what could be better 
than checking out an aero club air­
plane and spending a few hours 
aloft. No worries, no cares, pure en­
joyment. And if a fishing trip can be 

A added to the process, you have an 
9 unbeatable combination. But there 

could be a problem with that line of 
thinking. 

Let's illustrate how this combi­
nation may not necessarily be syn­
ergistic if approached from the 
no-worry, no-care angle. Fishing 
was the prime objective for this trip 
aboard a Cessna 206 on floats. Most 
of the preparation for the flight 
went well; weather was checked 
weight and balance carefully corn~ 
puted, a flight plan properly filed. 
But once at the airplane, prudent 
planning was overcome by the ea­
gerness to get going. 

On this occasion, the airplane 
was parked next to a dock with the 
tail toward the shore. Securing the 
tail was a rope tied to a 4- by 4-inch 
post embedded in a 120-pound 
lu1!1p of concrete. This mooring 
pomt was above waterline and 
clearly visible. Maybe the pilot had 
something other than flying on his 
mind during the preflight ("I won­
der if they'll be hitting pink or 
green Pixies today ... "), or maybe e he was just in a rush to get airborne. 

Whatever it was, he missed the tail 
rope-which remained firmly tied 
to the post. One for the fish. 

Everyone in ... off we go; those 
fish can't wait any longer. Start up 
the engine, add some power (well, 
maybe just a little more to get us 
moving), and taxi out to the takeoff 
position. So far, so good. (Not even 
that undetected shore anchor drag­
ging behind us can keep us from 
answering the call of the wild.) 
And here the pattern of omissions 
begins to take shape. Not only has 
this pilot missed his anchor, he's 
also forgotten to adjust rudder trim 
for takeoff. Two for the fish. 

In position now. Push up the 
power. Sure seems like it's taking a 
long time to get on the step . .. must 
be the glassy lake surface on this 
lovely, calm morning. But what's 
that sudden, heavy yaw to the 
left!? That's a problem! Abort! 

Okay, everything under control; 
just forgot to set the rudder trim for 
takeoff. No sweat. Plenty of water­
way left in front of us ... no need to 
waste time taxiing back to the start. 
Those fish are waiting, and I've got 
my stuff together now. Power up 
again ... go for it. Somehow it still 
doesn't feel quite right; slow on the 
step; yaw's gone, but not much wa­
terway left ... . Just when the pilot 
was thinking of aborting again, he 
felt a sudden surge of acceleration 
(amazing what happens to velocity 
when you decrease the drag of 120 
pounds of concrete as it works free) 
and got airborne just above a stall. 

But just as things seem to be going 
well at last, the nose pitched up 
wildly-in excess of 45 degrees! 
Seems the elevator trim was incor­
rectly set halfway between takeoff 
position and full nose up! Three for 
the fish, and that's about all it was 
going to take. 

This airplane just wasn't going to 
fly today. Frantic attempts to lower 
the nose (accompanied by the inap­
propriate response of partially rais­
ing the flaps) succeeded only in the 
aircraft settling back to the water in 
a power on full stall. And yes, the 
tail rope and post were still at­
tached! Forward momentum 
ceased as airplane met bank and as­
sociated trees. Luckily there were 
no injuries. 

So what's the moral to this story? 
One might be that you need to be 
serious to outsmart the fish. An­
other might be that flying just isn't 
an endeavor you can afford to ap­
proach casually. Whether it's a 
sleek fighter with all the latest tech­
nology, a state-of-the-art bomber, 
tanker, or transport, or a seemingly 
simple recreation airplane that you 
fly for "fun," if you don't exercise a 
certain amount of discipline and 
pay attention to proper procedures, 
the payoff may be much less than 
you expected. You might not even 
have to worry about whether the 
fish are hitting pink Pixies or green, 
because you won't be getting your 
line wet. That's what happened to 
this aviator ... don't let it happen to 
you. • 
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A Lifesaver Called GCAS 
MR AL ENGLISH 
Directorate of Aerospace Safety 

• This mission should be no sweat. In 
the hills now, 2 minutes to the drop. 
Not even a moon outside, and the sweat 
is beginning to pop out because­
damn, these night vision goggles just 
don't give you very good depth percep­
tion . .. "Altitude! Altitude!" 

Target's in sight. Weapons away! 
You stay on the deck and snap a hard 
right turn, your head cranked around 
to watch for SAM launches. But over­
banked, your altitude is slipping away 
and you don't know it ... "Pull up! 
Pull up!" 

Collision with the ground occurs 
for a variety of reasons. Pilot dis­
traction, task saturation, errors in 
judgment, optical illusion, just to 
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name a few. Despite everybody's 
best training and intentions, it hap­
pens to military pilots well over a 
dozen times a year-at a tremen­
dous cost in lives and resources. 

Tactical Maneuvering 
Studies estimate that a ground 

collision avoidance system (GCAS) 
could prevent between 55 percent 
and 85 percent of these collision­
type mishaps in military aviation, 
saving at least one aircraft per year. 
GCAS can definitely help reduce 
ground collisions. 

In 1985, the US Air Force and 
Navy began to study the problem 
to find a way to provide the pilot a 
warning to prevent these types of 
mishaps. Two key conditions were 
that the method must be "generic," 
applicable to a wide variety of tacti­
cal and transport aircraft, and it 

must use only standard sensors al­
ready in most aircraft-no costly 
refits of esoteric black boxes. 

A Software Approach 
The basis of GCAS is a software 

algorithm which fuses aircraft sen­
sor inputs, sensor validity checks, 
real-time terrain measurement, 
pilot and aircraft performance, and 
warning logic into an "expert sys­
tem." GCAS is not artificial intelli­
gence, but it nevertheless "knows" 
important facts about the aircraft's 
situation in real time. 

•Attitude (roll, pitch, yaw) and 
likely changes in attitude. 

• Position versus terrain (alti­
tude). 

• Terrain type (mountainous, 
rolling, etc.) and terrain trends (ris­
ing, falling). 

• Validity and reliability of sen- e 



sor inputs. 
• Response capabilities of pilot 

and aircraft. 
GCAS development proceeded e rapidly through use of the air com­

bat mission library and knowledge 
derived from the Navy and the Air 
Force's air combat training systems, 
known respectively as the Tactical 
Aircrew Combat Training System 
(Navy) and the Air Combat Maneu­
vering Instrumentation/Measure­
ment and Debriefing System (AF) 
(TACTS/ ACMI/MDS). 

In software, GCAS simulations 
could be repeatedly exercised from 
actual missions. In more advanced 
stages of development, on actual 
test flights on TACTS/ ACMI/MDS 
ranges, the real-time air and ground 
range data links enabled engineers 
to test GCAS in flight without actu­
ally loading it aboard the test air­
craft. 

GCAS Uses Existing Sensors 
Through studies and flight tests, 

GCAS proved it would work well 
using existing sensors on most air­
craft. These sensors include radar 
altimeter, barometric altimeter, 
angle-of-attack sensor, inertial plat­
form, and air data sensor. 

GCAS software is unique in that 
it does not rely on a single sensor 
input for data but combines and fil­
ters several appropriate sensor in­
puts to derive the best possible 
data. For example, if the aircraft is 
rolled to the extent that the radar 
altimeter antennas are blanked, 
GCAS would continue to update 
the altitude information through 
the use of barometric and inertial 
sources until the radar altitude 
comes back on line. 

The GCAS algorithm also contin­
ually assesses the validity of its 
computed data to keep its computa­
tions free of incorrect or polluted 
data. For example, the algorithm 
limits how long it will consider alti­
tude measurement to be valid with­
out the radar altimeter on line. 

False Alarms 
Altitude warning devices are not 

new in aviation, but they do have a 
troubled history due to high inci­
dence of false alarms and nuisance 
alarms. Both experience and re­
search have proven that aircrews 

will turn off or ignore devices that 
prove unreliable and bothersome. 

For this reason, a high priority 
requirement for GCAS is the elimi­
nation of false alarms. The complex 
validity testing and filtering por­
tions of the algorithm were de­
signed to this objective. In final 
flight testing with tactical aircraft, 
the false alarm rate proved to be 
less than 0.1 percent. 

In flight tests, GCAS has been in­
stalled in existing avionics modules 
connected to a data bus designed to 
the requirements of MIL-STD-1553. 
This standard establishes the re­
quirements for digital, com­
mand / response, time division 
multiplexing techniques on aircraft. 
To issue warnings, GCAS used the 
cockpit voice synthesizer to issue 
two degrees of alarms: "Altitude! 
Altitude!" in the case of a danger­
ous condition with slow onset, and 
"Pull up! Pull up!" in the event of 
rapid onset. 

Prior to full-scale development, 
there are choices to make in imple-

mentation. GCAS can be deployed 
as either a hardware or software 
modification to an aircraft's flight 
data computer, or as a dedicated 
avionics box networked to the 
1553B or other standard data bus. 

A Giant Step Forward In Flight 
Safety 

Today, the US Air Force is enter­
ing tests to evaluate a generic GCAS 
algorithm that will be considered as 
a solution to both the DOD' s and 
the Air Force's need for a GCAS on 
transport aircraft. Already, the colli­
sion warning systems in tests for 
fighter I attack aircraft, specifically 
for the A-10, has been effective. It is 
a warning system only and will not 
maneuver the aircraft to avoid the 
ground collision hazard. We would 
look to the future for such an auto­
matic maneuvering capability. For 
now, until GCAS implementation is 
complete, it will remain the pilots' 
vigilance and awareness that will 
keep them and their machines out 
of the dirt. • 
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• Lt Colonel Tom Peters scanned 
the Air Force Crash Lab and stud­
ied the once familiar hulks. It had 
been almost 10 years since he had 
his first introduction to the twisted 
metal airframes that yielded the 
clues in his Aircraft Mishap Investi­
gation Course. But this time was 
different. The work crews were 
painstakingly laying out the rubble 
trying to recreate another crash site. 
This one was what the Air Force 
used to call its Advanced Tactical 
Fighter. Those clues he had been 
taught to look for were well hidden 
this time. "We have truly entered 
the age of the plastic airplane," he 
thought as he picked his way 
through the scattered debris. 

Aircraft Composites 
For now, the above paragraph is 

pure fiction; but how long do we 
have until this fictional episode be­
comes reality? Today, more and 
more composites are being used in 
aircraft construction. The technol­
ogy that has been making airplanes 
lighter and stronger has been 
slowly evolving for many years. At 
first, composites were used in those 
nonessential but nice-to-have com­
ponents such as gear doors and 
fairings. But now, composites are 
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being used in much larger, critical 
structural components such as 
wings, fuselage bulkheads, and hel­
icopter blades. This large-scale use 
of composite technology has ush­
ered us into an era where both air­
crew and maintainers need an 
appreciation for the benefits and 
hazards of these materials. 

Benefits 
"With half the weight of alumi­

num and twice the strength of steel 
. ... " Although this almost sounds 
like an introduction for Superman, 
high strength-to-weight is usually 
the first benefit of composites that 
is exploited by the design engineer. 

Composites use high-strength 
fibers, such as carbon/ graphite, 
Kevlar®, or boron that are held in 
place by resins, such as epoxy, poly­
urethane, or bismaleimide to form 
the composite material. The 
strength of this material is derived 
from a combination of the high­
strength qualities of these fibers 
and the strong bond between the fi­
bers and the resin, or matrix, mate­
rial. As the material is cured, these 
bonds strengthen and allow the 
loads of one fiber to be shared by 
the next. This shared load exploits 
the high-strength qualities of the fi­
bers such that less material is usu­
ally required to maintain the 
required margin of safety for a 

given design load. This increased 
load-carrying efficiency, combined 
with the generally lightweight na­
ture of the composite, saves weight 
that can now be turned into in­
creased performance such as 
greater thrust-to-weight ratios, 
longer range, or heavier payload 
capabilities. e 

Another common benefit is the 
ability to tailor a composite to ei­
ther show stiffness or flexibility in 
specific directions . Generally 
speaking, composites exhibit 
strength and stiffness characteris­
tics that are very sensitive to the re­
lationship between the orientation 
of the composite and the direction 
of the stressing force. Aligning the 
fibers of a composite in a way that 
maximizes the load-carrying per­
formance, design engineers can ad­
just the amount of stiffness or 
flexibility they desire in specific di­
rections. This tuning process not 
only saves weight by eliminating 
nonessential materials, but also lets 
the engineer use the structural flex­
ing or stiffening to increase aircraft 
performance. 

Future Flight Today 
The X-29's forward-swept wing 

and the wing of the Highly Maneu-
ver able Aircraft Technology 
(HiMAT) demonstrator are exam­
ples of this aeroelastic tailoring. e 



While the X-29 uses this tailoring to 
stiffen the wing and resist the flex­
ing forces of high dynamic loads, 
the HiMAT attempted to use flexi­
bility to achieve increased perfor­
mance. As HiMAT increased G, the 
composite wing would flex under 
the load in a way that might be e compared to increased camber. 
This controlled flexing resulted in 
more lift that HiMAT could turn 
into increased performance 
through the increase in available G. 

While strength and tailoring 
benefits have soaked up much of 
the limelight on composites, we are 
still learning to exploit many of the 
other characteristics of composite 
materials. Developments in manu­
facturing have led to advances in 
molding and bonding technologies 
that allow designers to use complex 
shapes and smooth surfaces to re­
duce aerodynamic drag. Corrosion 
resistance and reduced thermal ex­
pansion properties allow engineers 
to design for harsh environments 
such as heat, humidity, and salt 
spray. By controlling the load paths 
of the structure and the directional 
characteristics of the composite, en­
gineers can design out fatigue and 
increase the life of the aircraft. Each 
of these characteristics, along with 
the increased strength-to-weight 

A ratios, has led to the development 

9 of more capable and safer aircraft. 

The age of 
PLASTIC 
AIRPLANES 

Risks 
However, these developments 

are not without risk. While we 
enjoy the benefits of the hazards 
that are eliminated through the use 
of composite materials, we must be 
prepared to face some new hazards 
and maintenance problems as well. 
Ask the troop who was crawling 
down an intake and learned about a 
composite's ability to store large 
amounts of static electricity. His 
lesson came in the form of his own 
personal lightning bolt. How about 
that misplaced step or dropped tool 
that doesn't show a surface scar yet 
causes an internal flaw that will fail 
under load. These hazards will be 
facts of life in this new age and will 
persist from the manufacture and 
repair of composites to the every­
day operational use and mainte­
nance of composite aircraft. 

The most publicized of these 
hazards deals with the manufactur­
ing process and the chemical toxic­
ity of the elements used to make 
composites. Whether it was due to 
prolonged direct contact or the in­
halation of vapors, medical reports 
have indicated a sensitization of 
certain individuals to the manufac­
turing chemicals. The reactions ob­
served have resulted in ailments 
ranging from rashes to asthma. 
While our military personnel are 
usually quite removed from the 
manufacturing process, we should 
be prepared to consider some of 
these hazards in the area of com­
posite repair. 

Reduced Maintenance 
Although composites should 

have reduced maintenance re­
quirements, our maintenance crews 

will still have to contend with the 
effects of aircraft modifications and 
battle damage repair. Here our 
crews may have to protect them­
selves against chemicals that were 
irritants in the manufacturing proc­
ess, as well as the potential irritants 
in new adhesives or curing agents. 

But chemical toxicity of the com­
posites is not the only hazard. Be­
fore the repair can be made, the 
composite will usually have to be 
cut, sanded, or drilled to prepare 
the piece for repair. This process re­
sults in a composite dust containing 
fragments of the composite fibers. 
If these fragments permanently 
lodge themselves in lung tissue, 
some physicians feel this will cause 
lung scarring and may have possi­
ble carcinogenic effects for the indi­
vidual who fails to take proper 
precautions. As we field more com­
posite aircraft, our maintenance 
crews will have to adapt to this 
changing environment and protect 
themselves from these hazards. 

Into the Future 
With the age of the plastic air­

plane upon us, it is clear many chal­
lenges continue to face us as we learn 
to harness this new technology. 
Armed with some baseline knowl­
edge of composites-its benefits as 
well as hazards-aircrews and 
maintainers will have to adapt to 
procedures that will maximize 
these benefits and reduce the haz­
ards of using these materials. It is 
only from this perspective will we 
be able to fully integrate the plastic 
airplane in today's Air Force and 
protect our people and their aircraft 
to meet tomorrow's challenge. • 
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FS4Js 
CORNER 

CAPTAIN DALE T. PIERCE 
919th Special Operations Group 
Duke Field, Florida 

• Out of the 32 FSO' s Corner arti­
cles published so far, 8 concerned 
midair collision avoidance . Of 
these, two were about midair colli­
sion avoidance (MACA) posters, 
one was a business card that pro­
vided quick reference to local 
MACA hazard areas, one covered 
providing up-to-date information 
in the FLIP, and another highlighted 
using television to get the word out. 
Two articles addressed MACA 
pamphlets, and the last article ad­
dre ssed MACA program 
integration. 

This article will discuss another 
A important MACA idea. This one 
9 was provided by an FSO who is get­

ting rave reviews about his great 
product. 

The FSO at the 513th Airborne 
Command and Control Wing 
(ACCW), RAF Mildenhall, Eng­
land, developed a topnotch MACA 
pamphlet. It does all the usual 
things a MACA pamphlet does, and 
goes one better. 

Both the front and back covers 
are illustrated in cartoon format as 
an attention getter. Inside the pam­
phlet is a chart of the local flying 
area and a description of various 
points of interest. 

Next is a set of aircraft descrip­
tions, complete with illustrations, 
for the six types most often found at 
RAF Mildenhall. This is followed 
by an RAF Mildenhall airfield dia­
gram and airfield information sum­
mary and discussions of the local 
military control zone, arrivals, and 
traffic patterns. 

The last three pages in the pam­
phlet have a real eye catcher. Here 
the reader finds a great refresher of e see-and-avoid techniques. We all 

See And Avoid Techniques 
heard most of the information in 
undergraduate flight training, but 
not often enough since. The pages 
cover visual scanning techniques, 
blindspot accommodation, and a 
list of things you can do to help 
yourself see and avoid. Good stuff. 

We all need to review this type of 
information periodically. Putting 
the information in a convenient 
place where Joe Silverwings can 
pick it up and read it is another 
good way to get the word out. Who 
knows, a little review of see-and­
avoid techniques in your MACA 
pamphlet might get through where 
"another standard briefing" at a 
flight safety meeting might not. 

Will it sink in? Maybe . Good 

MACA practices should be recog­
nized and rewarded because they 
save valuable combat assets and in­
valuable aircrews. 

Captain John W Behle, FSO at 
the 513 ACCW, provided this 
month's FSO' s Corner idea. If you 
would like a copy of his MACA 
pamphlet, write to him at 513 
ACCW / SE, APO New York 09127-
5001. 

What are you doing in your pro­
gram that could help other FSOs if 
they knew about it? If you know of 
something, call me (Dale Pierce) at 
AUTOVON 872-2235 (USAF 
TAWC), or send a short note to 919 
SOG I SEF, Duke Field, Florida 
32642-6005. • 

This idea does have 
great merit! Maybe you 
can use it in your safety 
program. (This particu­
lar cartoon sure caught 
our eyes at Flying 
Safety as it is one of 
ours.) We encourage 
all of you to use our 
artwork and stories to 
promote safety. 
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The new one-piece A-7 windscreen elimi­
nates two large metal frame members. This 
allows the pilot unrestricted forward vision. 
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DAVE HARPER 
Directorate of Aerospace Safety 

• The flight was briefed as a four-ship 
surface attack sortie to Avon Park Gun­
nery Range. The briefing included in­
formation on bird hazards and bird 
conditions for the low-level routes ... . 

What could be an F-16 jock's re­
cital of how he spent his morning is, 
in this case, the opening lines to a 
Class A mishap report. Three hours 
after this beginning, the pilot sud­
denly experienced the rude and un­
pleasant effects of a 500-knot 
windblast as a large bird penetrated 
the aircraft canopy. 

Medical literature states that 
above 450 knots, a pilot can expect 
"certain helmet loss, loss of vision, 
bleeding around eyes and mouth, 
tearing of tissue, limb flailing, chill, 
and disorientation." In this case, the 
pilot was fortunate enough to be 
able to eject and was hanging from 
his parachute risers when his $10 
million aircraft exploded on impact 
2 miles away just seconds later. 

Visually acquiring a bird with a e 
6-foot wingspan from 1 mile would 
require a pilot to recognize an ob-
ject smaller than a pinhead on his 
head-up display (HUD). At 500 
knots, while concentrating on the 
hazards of low-altitude formation 
flying, spotting even such a large 
bird in time to maneuver to avoid it 
would be exceptional. As the mis-
hap report mentioned, preflight 
briefings routinely include bird 
strike risk factors for military low-
level routes, products of the com­
puterized Bird Avoidance Model. 
But even with this very serious ap­
proach to staying aware of and 
away from likely areas of flying 
fowl, evolving military threats ne­
cessitate ever more frequent low-
level, high-speed flights and mean 
that bird strikes will remain an in­
creasingly inescapable fact of flight. 

New Technologies 
So what can be done to better 

protect our flying resources from 
catastrophe? That's where the e 

• 



Windshield Systems Program Of­
fice (SPO) and the Air Force Office 
for Logistics Technology Applica­
tion (AFOLTA), both at Wright-

A Patterson AFB, Ohio, come into the 
• picture. These offices work to use 

advanced technologies to fulfill 
user requirements for aircraft trans­
parencies. It is their complex task to 
develop, test, and apply materials 
and manufacturing techniques 
which will enable windshields and 
canopies to prevent penetration by 
the USAF standard 4-pound bird at 
up to 500 knots and maintain opti­
cal quality compatible with ad­
vanced HUD and night vision 
goggle (NVG) use. Specifications 
may also require the transparencies 
to resist scratches, have low radar 
reflectance, survive laser weapons, 
resist degradation from the sun's 
UV light, maintain all of these prop­
erties through years of cycling be­
tween subzero and scorching desert 
temperatures without cracking or 
delaminating, be lightweight and 
inexpensive, and require minimal 
manpower to replace. 

Rewards 
It is a challenging task, to be 

A sure, but the potential rewards to 
- the Air Force are great. Consider 

the F-16 canopy. It is one of the 
major "costs of ownership" for that 
aircraft and has an average service 
life of under 2 years. Repair and re­
placement of the canopy costs over 
$7 million per year and necessitates 
considerable aircraft downtime. It 
also was designed for head-on bird 
strike protection to only 350 
knots-fine for its original high-al­
titude mission, but not confidence 
inspiring in today's increasing 
high-speed, low-altitude roles. 
AFOLTA and the Windshield SPO 
are now working on projects to pro­
duce F-16 canopies using advanced 
polycarbonate laminate construc­
tion which will improve bird strike 
protection to 500 knots, increase 
scratch resistance, minimize reflec­
tivity, provide laser hardness, and 
increase service life to 4 years. A 
longer term project aims to develop 
a one-piece, frameless canopy. 

Other Improvements 
Another transparency improve­

- ment effort is underway for B-lB 

aircraft. Program personnel are in­
vestigating the effect of changing 
from a thermal temper to a chemi­
cal temper on the outer glass ply. It 
is hoped this will lessen thermal 
cycle stresses on the bond to the ad­
jacent polycarbonate ply and thus 
reduce windshield delaminations. 

Past success stories in the world 
of windshields include the F-4 
windscreen. A production contract 
has been awarded to replace the 
three-piece windscreen which pro­
vides 290-knot bird strike protec­
tion in the center and 190-knot 
protection on the side panels. The 
new design is a one-piece, three­
ply polycarbonate laminate sand­
wiched between acrylic outer plies 
and bolted into a fiberglass frame 
with a Kevlar® S-glass epoxy com­
posite arch. This high-tech wind­
shield provides 500-knot bird strike 
protection, removes large vision­
obstructing frame members, and is 
NVG compatible. 

Approval was recently received 
to begin modification of A-7 aircraft 
with a one-piece canopy yielding 
similar benefits, including im­
provement of bird strike protection 
to 480 knots from the current 155 
knots. 

Costs 
Bird-aircraft collisions have 

taken over 200 lives since birds 
began sharing the skies with man. 
The US Air Force experiences ap­
proximately 3,000 bird strikes each 
year, causing an average $65 million 
in damage. Through application of 
new and improved methods in the 
design and manufacture of wind­
shields, USAF pilots will see greatly 
reduced vulnerability to feathered 
projectiles while mission capabili­
ties are enhanced. This is just one 
example of progress in both safety 
and combat readiness achieved 
hand-in-hand through advanced 
technology. • 

Prototype canopies are tested for bird impact resistance by propelling dead, 4-pound chickens 
from a special gun at controlled speeds and angles. Shown is the one-piece A-7 windscreen. 
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ENGINE 
PLUMBING 
How can you 
safeguard it? 
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WILLIAM D. BRADFORD 
Directorate of Aerospace Safety 

• Go out and take a look at any of 
the newer engines in the Air Force 
inventory (FllO, FlOO, TF34, TF30, 
FlOl, Fl08, etc.). One of the first 
items you are going to notice is all 
of the external plumbing on the en­
gine. These lines carry fuel to the 
combustor and augmentor, oil for 
the bearings, and air for control sig­
nals. If any of these lines is not per­
forming as designed, the ability of 
the engine to operate will be af­
fected and compromise the safety 
of the aircraft. 

Lightweight and Durable 
These tubes are designed to be 

exceptionally lightweight and du­
rable. To accomplish this, it is neces-

saty to ensure the tube has enough 
strength to perform its function, 
plus have some additional strength 
for safety margin. However, this 
safety margin can quickly be 
eroded by even small amounts of 
chafing or nicks. These types of 
damage must be repaired or the 
tube deemed unserviceable to en­
sure the safety of the aircraft. There­
fore, it is important to inspect the 
tubes for damage because even a 
very small amount of damage can 
be critical. 

Some damage can be fairly easy 
to fix . If a tube is chafed or nicked, 
you can see the damage; and if it 
exceeds TO limits, you either repair 
or replace the tube. However, there 
are other types of damage that can 
occur to the tube that are not as 
easy to detect, and they can lead to 
very serious consequences. An ex­
ample of this is a bent or misaligned e 



tube-the damage cannot always 
be easily seen but it can cause the 
tube to crack while the engine is op­
erating. 

Stresses 
How can a bent or misaligned 

tube crack while the engine is run­
ning? Well, let's discuss various 
stresses that can be applied to a 
tube and perhaps then we will bet­
ter understand what's going on. 

Basically, there are two types of 
stress that a tube must endure. 
They are dynamic stress and static 
stress. A dynamic stress is induced 
by engine vibrations which are con­
tinually applied and released on the 
tube. They will cause a tube to crack 
due to fatigue after hours of opera­
tion. Static stress, on the other hand, 
is a stress which is constant, much 

a like the stress induced by the pres­
• sure of a liquid in a tube. If that 

fluid pressure is increased beyond 
the limit of the tube, a sudden fail­
ure will occur, and the tube will 
rupture. 

Now it is important to under­
stand that stresses are additive, 
both dynamic and static. When 
tubes are designed, they are de­
signed such that they will with­
stand the normal stresses that they 
will incur during engine operation. 
However, a tube that has been 
twisted or bent during engine 
maintenance or overhaul will have 
an additional static stress that will 
be locked into the tube. Although 
not great enough to fail the tube 
alone, the locked-in stress, when 
added to the vibratory stress (dy­
namic stress) incurred while the en­
gine is operating, may cause the 
tube to fail in fatigue. 

There is no way to accurately 
predict exactly when the fatigue 

crack will be initiated, and as you 
maintenance folks are all aware, it 
is extremely difficult to inspect all 
of the tubes on an engine for a fail­
ure of this type. 

Handle With Care 
If we want to prevent these tubes 

from being bent and misaligned, 
we must rely on good, sound 
maintenance practices. Do not force 
or bend these tubes when installing 
them on the engine. Whenever you 
bend one of these tubes, you will 
also increase the likelihood of fail­
ure of the tube. You won't be able to 
determine when the failure will 
occur, but sooner or later, it will 
occur. Therefore, take extra care and 
precautions whenever you handle 
these tubes, and they will continue 
to perform the way they are sup­
posed to for the life of the engine. • 
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CMSGT ROBERT T. HOLRITZ 
Technical Editor 

• By 1965, it became obvious the 
Vietnam War was going to be a long 
one. It was also apparent the Air 
Force's ability to fight an intense, 
long-term conventional war had 
suffered from years of emphasis on 
strategic nuclear defense. The Air 
Force not only lacked the equip­
ment but, even worse, because of 
the attrition of armament and mu­
nitions specialists during the years 
of relative peace since the Korean 
War, it lacked the skills and experi­
ence to fight a sustained war using 
conventional munitions. 

In an attempt to catch up, new 
munitions support equipment was 
hastily designed to support the new 
aircraft that were added to the in-

ventory since the end of the Korean 
War. As a result, much of the new 
equipment was actually useless to 
the people in the combat zone. This 
unfortunate situation not only 
hampered combat sortie produc­
tion during the early years of the 
Vietnam conflict but, in several inci­
dents, nearly led to disaster. 

It took several years for the mu­
nitions part of sortie production to 
come up to speed. Only toward the 
final years of the Vietnam conflict 
did conventional munitions em­
ployment evolve into a technically 
advanced and effective program. 

AFCOMAC's Formation 
The Pentagon learned its lesson 

and was not about to make the 
same mistake again. Vietnam-era 
aircraft, such as the F-4 and F-105, e 

\ 
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were able to fly a maximum sortie 
rate of 1.5 to 2. However, sortie rates 
as high as 5 are not uncommon for 
the newer aircraft such as the A-10 

A and F-16. The Pentagon wanted to 
9 know if the ammo community 

could support the higher sortie 
rates of the new generation combat 
aircraft. So, in 1984, more than 9 
years after the last American bomb 
fell in Southeast Asia, a tiger team 
was formed at the direction of Lt 
Gen Leo Marques, the Air Force's 
top logistician, to evaluate ammo's 
ability to support the high sortie 
capabilities of our modern combat 
aircraft. 

The team, consisting of 20 "Blue 
Suiters" from across the Air Force, 
conducted several tests in PACAF, 
USAFE, and at Nellis AFB, Nevada. 
The results of the tests clearly 
showed the munitions community 
was not ready to adequately sup­
port modern combat sortie produc­
tion. The team validated a whole 
new approach to munitions plan­
ning and employment was required 
to meet the needs of modern com­
bat scenarios. At the recommenda­
tion of the tiger team, the Air Force 
Combat Ammunition Center, or 

A AFCOMAC, was formed. 
W According to AFCOMAC's su­

perintendent, CMSgt Jerry Modlin, 
its goal is to "teach large-scale pro­
duction and effective combat muni­
tions planning. We teach our stu­
dents how to develop a viable mu­
nitions employment plan-one that 
identifies what munitions are avail­
able, how to get them out of the 
structure, assemble them, and de­
liver them to the aircraft." 

AFCOMAC is located at Sierra 
Army Depot at Herlong, California, 
approximately 50 miles northwest 
of Reno, Nevada. According to 
Chief Modlin, this location was 
chosen because it not only had ex­
isting munitions storage and main­
tenance facilities, but it also had a 
runway and a qualified workforce 
capable of supporting munitions 
disassembly, repackaging, and 
restorage. 

When Air Force personnel first 
arrived at the depot in October 
1985, the facility left much to be de­
sired. What was to become the aca­
demic area was then an abandoned e bomb renovation plant. The living 

Handling a load of 2,000-pound bombs in 
close epaces requires practice. AFCOMAC 
provides ammo specialists with a chance to 
gain this skill and be "Combat Ready." 

Chief Master Sergeant Jerry Modlin: "At 
.A.FCOMAC we provide a very realistic war­
time scenario. We use live munitions, and 
there are virtually no simulations." 

quarters were unimproved WW II 
barraclrs. With the help of a PRIME 
BEEP team from Wright-Patterson 
APB, Ohio, RED HORSE from 
Nellis AFB, and CE from Beale AFB, 
California, the facilities were refur­
bished in record time, and the first 
class graduated in March 1986, only 
6 months after Sierra was chosen as 
AFCOMAC' s home. 

Today, AFCOMAC is a model 
training facility which, among 
other things, houses the sophisti­
cated combat ammunition system 
(CAS-B) munitions computer 
which is designed to interface with 
Air Force major command muni­
tions accountability systems. 

AFCOMAC has a staff of 28 peo­
ple, which is not only responsible 

for training students, but also main­
tains 7 supply accounts, 120 pieces 
of rolling stock, 33 storage igloos, 
and 50 explosive line items. 

Attendees come from all com­
mands with a munitions commit­
ment. Each command earns its 
allocation based on the percentage 
of the worldwide population of 
munitions personnel (461XO/ 
465XO) assigned. The course is open 
to 5-level senior airmen and above. 
Each class is composed of a "hetero­
geneous" group of 70 munitions 
specialists. This number was cho­
sen because it represents a balance 
of the number of munitions special­
ists that would deploy with a 24-
primary aircraft authorization 
(PAA) F-16 or 6 P-AA B-52G unit. 

continued 
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AFCOMAC 
continued 

Crosstalk between personnel 
from different ranks and com­
mands is a very important part of 
the academic training. Specialists, 
some with combat experience, and 
assigned AFCOMAC personnel in­
terface with less experienced muni­
tions specialists to contribute to the 
total learning experience. In this 
environment, the younger, less-ex­
perienced people often provide a 
new and improved approach to old 
methods. 

Academics 
The 3-week course is divided 

into two phases. The academic por­
tion is 2 weeks long and covers sub­
jects such as comba( and support 
plans, mobility planning, and air 
tasking orders. During the aca­
demic phase, students also receive 
refresher training on how to assem-
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ble the basic munitions which are 
common to current combat scenar­
ios. Fondly called AMMO 101, this 
part of the academic phase stresses 
hands-on training as the best way 
to become familiar with the me­
chanics of munitions assembly. Stu­
dents are given a pre-test at the 
beginning of phase one to measure 
what they already know about mu­
nitions when they begin the class. 
At the end of the academic phase, 
they are given a posttest. This is not 
a pass-or-fail exam, but it is given 
simply to measure how much the 
student has learned. Typically, the 
posttest scores are 10 to 30 points 
higher than the pre-test. 

The Frag 
The final week of the course is 

devoted to realistic hands-on train­
ing. During this phase, the stu­
dents use what they learned during 
the academic phase to implement 
the munitions employment plan 
they developed during phase one 

AFCOMAC stresses a realistic scenario. 
Here the students get a chance to test their 
skill downloading a load of 2,000-pound 
bombs from a railcar. (Top left) 

AFCOMAC training emphasizes teamwork. 
This multicommand team will become part 
of a cadre of munitions specialists the Air 
Force can rely on to meet any conventional 
munitions tasking. (Left) 

Munitions Control: Strictly bare base opera­
tion, the students must establish their muni­
tions control setting up status boards, 
electrical power, and a radio communica­
tions network. (Top right) 

as the students assemble and de­
liver live munitions to meet the re­
quirements of a combat scenario. 
The emphasis of this portion of the 
course is on realism. There are vir­
tually no simulations. 

The munitions are live. Sup­
plies, support equipment, and roll­
ing stock are packed and marked 
just as they would be when they 
rolled off an aircraft had they actu­
ally been mobilized. 

The exercise usually begins early 
on a Sunday morning when the bat­
tle staff, made up of AFCOMAC ad­
visors, presents an air tasking order 
to the student senior munitions su­
pervisor. For the next 4 days, the 
ability of the students to operate at 
a deployed location is tested to the 
maximum. 

Using the munitions employ­
ment plan, the students must set up 
munitions buildup equipment -and 
assemble the munitions to meet the 
Frag. Usually for the first 2.5 days, 
the Frag is a tactical-oriented see--



nario with sortie rates for a 24-PAA 
F-16 squadron starting at 4.5 plus. 
This tasking requires the students 
to assemble a variety of CBUs, 
GBUs, and MK 82/84 general pur­
pose bombs. Sometime on the third 
day, the scenario is changed to a 
strategic-oriented scenario to sup­
port a six-PAA B-52G unit. The SAC 
scenario requires the students to 
build M117, 750, and MK82 500-
pound bombs in both high and low 
drag configurations. 
RAMS 

The Rapid Assembly Munitions 
System (RAMS) is an important 
part of training at AFCOMAC. 
RAMS is a mobile munitions 
buildup system that allows a 15-
person team to assemble general­
purpose bombs at the impressive 
rate of one bomb per minute. The 
entire RAMS assembly can be mo­
bilized on a single MHU 110 muni­
tions trailer. It can be assembled 
and operational in less than an e hour. RAMS not only provides 

rapid munitions assembly, but it 
also has the advantage of being 
quickly moved to any munitions as­
sembly location. This eliminates the 
time needed to transport the muni­
tions to a separate buildup area. 
RAMS is only one of many muni­
tions handling items that has been 
tested at AFCOMAC. 

During the entire employment 
phase, the AFCOMAC advisors 
challenge the students to use their 
ingenuity by introducing unsched­
uled requirements and frag 
changes. For example, they may be 
tasked to support A-lOs that made 
an unscheduled stop at the de­
ployed location with 30mm ammu­
nition. Or they may be tasked to 
change fuse settings, delay times, or 
even change the kind of munitions 
to make the mission. 

Real-world problems must also 
be dealt with. One class had to bat­
tle a snowstorm that dumped 8 
inches of wet snow on their site. But 
their resourcefulness carried them 

through. They improvised by using 
empty munitions containers on the 
front of the all-terrain forklifts to 
plow the area. 

The Result Is What Counts 
After 4 days of hard work, the 

exercise comes to an end. The new 
munition specialists are tired, their 
lips are chapped, and their faces are 
weathered. In spite of these discom­
forts, morale remains high because 
they have the satisfaction of know­
ing that in just a few days, they be­
came an effective combat team. 

This scenario has occurred 30 
times since AFCOMAC started. 
The students are not the only ones 
who learn at AFCOMAC. Each 
class helps the school sharpen the 
training by offering suggestions 
and using different approaches to 
overcome problems. The first class 
produced 700 complete rounds of 
munitions. The production rate per 
class now exceeds 1,800. Since the 
course began in March 1986, stu­
dents have assembled over 44,000 
bombs supporting more than 6,000 
tactical and strategic sorties. 

Just the Beginning 
In its fourth year, AFCOMAC is 

still in its infancy. Plans are being 
developed to strengthen and ex­
tend Sierra's runway to accommo­
date fully loaded tactical fighters. 
According to Chief Modlin, "Our 
ultimate goal at AFCOMAC is to 
create a combined operations and 
maintenance training program. As 
with munitions, there are skills to 
be learned managing aircraft and 
load crews to produce combat sor­
ties. Those skills can be taught here 
in a very realistic and safe environ­
ment. We have to bring it together 
here. We can't afford to do it after 
the balloon goes up." 

In slightly more than 3 years, 
AFCOMAC has trained over 2,000 
munitions students Air Force-wide. 
AFCOMAC graduates already pro­
vide the Air Force with a valuable 
cadre of munitions specialists to 
draw on. AFCOMAC's philosophy 
is echoed by the following words: 
"If you are not ready on the first 
day of the war, there may not be a 
second," and in their motto: "To 
keep the peace, prepare for war." 
IYAAYAS! • 
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SWITCH 

The Air Force is Converting to a Safer Fuel 
GREGORY W. GANDEE 
Directorate of Aerospace Safety 

Explosions Can Be Very Costly! 
•Here are some mishap scenarios 
which will get your attention: 

•During the ground refueling of 
an aircraft, the tank ruptures, spill­
ing a massive quantity of jet fuel. 
Within seconds, there is a massive 
fire and explosion which destroys 
the aircraft! 

•While flying through weather, 
a lightning strike causes an explo­
sion of the external fuel tanks. The 
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wingman loses control and ejects. 
The first aircraft recovers, and the 
investigation confirms lightning-in­
duced fuel tank explosions. 

•On touchdown, a fuel tank ex­
plodes, destroying the aircraft. 

•During ground refueling, leak­
ing fuel/vapors are ignited by arc­
ing electrical equipment. The 
following explosion destroys the 
aircraft. 

These examples are real, not just 
projections of what can happen 
with the highly flammable JP-4 fuel. 
In addition to lost hardware and 

combat capability, there has also 
been the irreplaceable loss of life 
and experience. The track record 
with JP-4 fuel over the last 18 years 
indicates that, based on Air Force 
Inspection and Safety Center mis­
hap data, we are destroying about 
one aircraft each year. We have also 
destroyed several storage tanks 
and refueling vehicles. 

The Problem 
What is the problem and the 

challenge? There are many reasons 
for these mishaps, and corrective e 



action may avoid future ones. For 
the fire to start, we need air, an igni­
tion source, and flammable vapors. 
Once the fire starts, there is not 

Auuch that can be done. There is, 
~owever, something that can be 

done with the fuel to reduce the 
chances of a fire starting. 

JP-4 (MIL-T-5624), the Air Force 
standard, is quite volatile. This vol­
atility is dependent on the tempera­
ture of the fuel. JP-4 begins to form 
flammable vapors at fuel tempera­
tures as low as 20 below zero! Thus, 
whenever JP-4 is spilled, we have 
flammable vapors present. Increas­
ing the fuel temperature increases 
the quantity of fuel vapors. 

All fuels have an upper flamma­
bility limit based on laboratory 
data. This suggests that at higher 
temperatures, there are too many 
vapors, thus the fuel is too rich to 
burn. This could be true, but don't 
believe it! Heating and cooling of 
the tanks and changes in altitude 
result in a high probability that 
there are pockets of flammable va­
pors. Even a fuel spill on the 
ground is always flammable. Some-

6-vhere above the surface of the fuel, 
• here are flammable vapors mixing 

with the air. 

All it takes to ignite these vapors 
is a very small spark; the static dis­
charge as one reaches for the door­
knob after walking on a carpet in 
the wintertime is sufficient to ignite 
JP-4 vapors! Other potential igni­
tion sources in the aircraft or on the 
flight line include hot engine mani­
folds and exhausts, electrical arc­
ing, or frictional sparks. All of these 
have been identified at one time as 
an ignition source in a JP-4 fire. 

Why JP-4? 
Why does the Air Force use such 

a flammable fuel? Well, it is based 
on factors such as cost, availability, 
and operational requirements. 
However, times are changing, and it 
looks as if all the Air Force will be 
switching to a safer kerosene-type 
fuel designated JP-8 (MIL-T-83133). 
This change has been in process for 

a.ears and has operational and 
~fety benefits. 

All it takes to ignite 
those vapors is a 
very small spark; 
the static discharge as 
one reaches for 
the doorknob after 
walking on a carpet in 
wintertime is sufficient 
to ignite JP-4 vapors. 

Safety Benefits of JP-8 
JP-8 is quite similar to the com­

mercial JET Al kerosene fuel. The 
main difference is the special addi­
tive package required by the Air 
Force. The typical JP-8 fuel has a 
flashpoint of about 114 degrees 
Fahrenheit. Put another way, we 
don't have the flammable vapors 
present unless the fuel temperature 
exceeds the flashpoint of the fuel, 
and this does not happen too often. 
Even if we spill JP-8, there will not 
be enough vapors to be flammable. 
In essence, we have eliminated fuel 

vapors from the fire triangle of fuel, 
air, and ignition source. 

JP-8 has a long history of devel­
opment dating back to the time of 
the Vietnam conflict. The JP-4 fuel 
fire or explosion was contributing 
to well over 50 percent of our com­
bat losses. Air Force gunfire testing 
established the susceptibility to fuel 
fires could be reduced by changing 
to a kerosene-type fuel. The initial 
thought was to switch to the Navy 
JP-5 with its high flashpoint of 150 
degrees Fahrenheit. This, however, 
was not possible since JP-5 fuel is 
not available in the quantities nec­
essary to support the Air Force re­
quirements of about 3.7 billion 
gallons per year. Therefore, the 
commercial JET Al kerosene was 
chosen. The JP-8 fuel has a mini­
mum flashpoint of 100 degrees Fah­
renheit and is available. It has prop­
erties similar to JP-4 except the 
freeze point and the flash point. For 
Alaska-type operations, a special 
low temperature version of JP-8 will 
be required. 

Following the decision to change 
to JP-8, it was recognized much ef­
fort would be required to assure the 
fuel did not cause any other prob­
lems. Concerns were low tempera­
ture starting and restarting an 

continued 

With JP-4's flashpoint below 0° F, there is always the potential for flammable ~i:ctures in .the 
aircraft fuel tanks. JP-4 leaking from a line coupling into a compartment containing electrical 
equipment and an arcing battery charger caused this disastrous KC-10 explosion. 
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The Switch to a Safer Fuel continued 

,.., 
'~ ' -I I 

Safety is the big payoff by converting to JP-8. Based on an analysis of peacetime aircraft 
losses, there should be future avoidance of the yearly loss of at least one aircraft. 

engine at altitude following an en­
gine flameout. Testing by the air lo­
gistics centers, engine contractors, 
and Air Force Flight Test Center at 
Edwards AFB, California, estab­
lished this change could be made 
without any compromise to safety. 
Although the engine relight enve­
lope was reduced and the low tem­
perature operation was reduced to 
about -50 degrees Fahrenheit (not 
-65 degrees as with JP-4), the bene­
fits far outweighed these concerns. 

JP-8 Conversion 
In the mid-70's, DOD Directive 

4140.3 was issued. This required all 
aircraft engines to be suitable for ei­
ther JP-4 or JP-8. Things looked 
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good, but the energy crisis of the 
1970's delayed the change. The first 
change to JP-8 occurred in England 
in 1978. Since then, all aircraft sta­
tioned in England or transient air­
craft receiving KC-135 tanker 
support out of RAF Mildenhall, 
United Kingdom, have been using 
JP-8. NATO wanted to standardize 
on JP-8 but it did not come about 
until 1987 and was completed in 
1988. There have been no problems. 
The Pacific conversion will start in a 
couple of years. It will be followed 
by CONUS conversion over a 5-
year period. 

Why the delay in the conversion 
within CONUS? It is a matter of 
cost and availability. The best guess 

for the cost increase, based on re-
cent purchases of JP-8 for Europe, is 
about 5 cents per gallon. Although 
the fuel is available, a gradual 
CONUS conversion is required to A 
permit the suppliers to accommo- W 
date this change. 

The switch to JP-8 has a positive 
effect on the environment. The vol­
atility of JP-4 contributes to the 
evaporation loss of about 35 million 
gallons per year! The change to JP-8 
will eliminate over 90 percent of the 
vapors released. 

The switch to JP-8 will also bene­
fit the Army. The Army plans to 
phase out all gasoline vehicles by 
2010 and replace them with diesel 
engine vehicles. Both aircraft and 
diesel engines can operate on JP-8, 
thus a single battlefield fuel for the 
Army and Air Force. 

Big Payoff 
Safety is the big payoff by con­

verting to JP-8. In peacetime, we 
should avoid losses such as the 
ground and flight fires leading to 
the destruction of costly aircraft. 
The avoidance of peacetime losses 
assures adequate combat resources 
are available. The use of JP-8 fuel e 
will also reduce the vulnerability of 
the aircraft in combat. Testing at 
Wright-Patterson AFB, Ohio, indi­
cated the combat losses due to fuel 
fires and explosions could be re­
duced by about 21 percent. Ops will 
also benefit from the higher density 
of JP-8. This increased density 
translates into about a 5-percent in­
crease in range for fighter aircraft. 

This change does have its down 
side. As mentioned previously, the 
JP-8 fuel costs more, and it does not 
have the -65 degrees Fahrenheit ca­
pability of JP-4. However, a special 
arctic grade JP-8 can be developed 
where it is required. The increased 
cost may be offset by the reduction 
of future aircraft losses and envi­
ronmental considerations. 

Quantification of the savings 
from future mishaps which will be 
avoided by the use of JP-8 fuel is 
difficult. However, the Air Force 
aircraft costs range from $10 to $500 
million. The saving of one aircraft 
alone could well offset the fuel cost 
increase for that year! • e 
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HYDRAZINE 
• The F-16 has been with us for 
more than 10 years. Its superior 
performance and ease of maintain­
ability have made it the weapon of 
choice for many nations of the free 
world. 

Although the Falcon is an ex­
tremely reliable and durable air­
craft, its single engine and 
fly-by-wire design demanded a sys­
tem that would provide emergency 
electric and hydraulic power. To 
provide backup power, the engi­
neers came up with an emergency 
power unit, or EPU, that could op­
erate either on bleed air from the 
engine or from hot gases produced 
by the decomposition of a propel­
lant called hydrazine. 

The EPU is extremely reliable 
A and has brought many a sick Falcon 
9 safely home. The EPU's main draw­

back is the hazard of its hydrazine 
fuel. At F-16 home stations, emer­
gency response teams and flight 
line personnel receive extensive 
training on the hazards and 
cleanup of hydrazine spills. How­
ever, F-16s can transit just about any 
base, and for this reason, it is a good 
idea for all flight line people to have 
a basic knowledge of the hazards of 
hydrazine. 

While hydrazine may be new to 
the flight line, it is not new to the 
Air Force. It has been used by SAC 
for years as a propellant in the Titan 
II ICBM. It is a clear, oily liquid with 
an ammonia-like odor. The propel­
lant used in the F-16 is H-70 which 
is a mixture of 70 percent hydrazine 
and 30 percent water. As you might 
expect, the properties of H-70 are 
somewhat less volatile than pure 
hydrazine. In fact, it has a 
flashpoint of a little over 100 de­
grees Fahrenheit which is compara­
ble to JP-8 jet fuel. 

The Falcon carries 60 pounds of 
· -70 propellant in a compartment 

on the right side of the aircraft, just 
forward of the wing root. The ma­
jority of mishaps involved leaks 
which occurred after the EPU was 
operating. In these incidents, the 
H-70 is usually found in a puddle 
under the right side of the fuselage. 
There have also been incidents 
where the EPU was inadvertently 
activated, dumping hydrazine on 
an unsuspecting crew chief or blast­
ing him with the exhaust. For this 
reason, it is a good idea to avoid the 
EPU exhaust duct area which is lo­
cated in the right wing root. 

Response 
So what do you do if you see or 

smell a suspected hydrazine leak? 
The first thing to do is clear the area 
for at least a SO-foot radius. Person­
nel should evacuate upwind of the 
spill. Then get the word to the 
emergency response team. If the 
aircraft is in a hangar, open the 
doors to provide maximum ventila­
tion. Unless you have received spe­
cial training and have the proper 
equipment, evacuate the area and 
leave the cleanup to the experts. 

Health Hazard 
Hydrazine can enter the body 

through the skin, through the respi-

ratory system and, if you can get it 
past your nose, by swallowing. 
Short-term exposure can cause diz­
ziness and irritation of the eyes, 
nose, and lungs. Contact with the 
liquid can cause severe skin burns. 
Repeated exposure to sufficient 
concentrations of hydrazine can 
cause damage to the kidneys and 
liver dysfunction. Fortunately, in 
most cases, the liver will return to 
normal when the person is re­
moved from the exposure. 

How much exposure is danger­
ous? According to AFOSH Stand­
ard 161-13, Occupational Health 
Exposure to Hydrazine, the maxi­
mum safe exposure to hydrazine in 
a vapor is a mere 0.1 part per mil­
lion (PPM) for an 8-hour period and 
exposure for 0.3 PPM for brief peri­
ods, not to exceed 15 minutes. 
However, it is important to note 
that the odor threshold for hydra­
zine (minimum concentration that 
humans can detect an odor) is 
about 3 to 5 PPM. Since the maxi­
mum allowable concentration is 0.1 
PPM, any concentration that can be 
smelled is well above the safe level. 
It is also important to understand 
that hydrazine tends to affect the ol­
factory nerves and can hamper or 
prevent the detection of even a 

continued 
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Hydrazine continued 

strong odor after a short period of 
exposure. 

First Aid 
First aid for hydrazine-induced 

injuries is not much different from 
that of other corrosive chemicals. 

The eyes are particularly suscep­
tible to permanent damage from 
hydrazine. They must be washed 
with large amounts of water imme­
diately for a minimum duration of 
15 minutes. 

If hydrazine liquid comes in con­
tact with clothing or the skin, re­
move the contaminated clothing 
and rinse the skin with water for a 
minimum of 15 minutes. For symp­
toms as a result of inhalation, re­
move the victim to fresh air 
immediately. 

In the improbable case that hy­
drazine is ingested and the person 
is conscious, induce vomiting. 

In all cases, it is important to get 
the victim medical attention as soon 
as possible. If you have any reason 
to believe you may have been ex­
posed to hydrazine, seek medical 
attention immediately! 

Here to Stay 
In the past 10 years, the F-16's 

EPU has proven hydrazine is a reli­
able fuel, and by following sound 
safety procedures and adhering to 
directives, its hazards can be 
avoided. AFOSH Standard 161-13 
contains useful information on the 
properties of hydrazine. The suc­
cess of hydrazine in the F-16 has all 
but assured it will be used in future 
aircraft designs. Hydrazine is here 
to stay. • 

We apologize for our mistake 
in "Emergency Blown Tire," De­
cember 1989, page 23. We stated 
"If an aircraft is taxied or towed 
with an underinflated tire, the 
wheel and tire must be con­
demned." Change 23 of TO 4T-1-3 
amends this requirement to direct 
the removal of both the wheel 
and tire but only the tire is auto­
matically condemned. Our apol­
ogies. Change 23 slipped by us. 
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lVIAIL CALL 
EDITOR. ~ 
FLYING SAFETY MAG 
AFISC/ Scpp AZINE 
NORTON AFB CA 9'2:dJV"i 

Sir: 

• In your July issue on page 15, 
"Aviation Heritage," you listed 12 
July 1957 "The first test of McDon­
nell's RF-101 took place. The Voo­
doo was active in Vietnam from 
1961-1967." 

You are in error. I was with Det 1 
45 TRS at Ton San Nhut until Febru­
ary 1969, and we were still flying 
RF-101 aircraft then. At that time, I 
was crewing 56-211, an RF-lOlC 
named "Miss Joyce Ann" for my 
wife. In 1981, while on a safety 
awareness trip from HQ TAC to 
D.M., I found 56-211 at MASDIC. I 
was glad to see my bird made it 
through. 

I receive your magazine monthly 
at Edwards AFB. I am retired and 
work for Planning Research Corp. 
We maintain nine A-7s for the test 
pilots' school and the AFFTC mis­
sion. We now stand at 14-1/2 years 
with no FODs and no Class A or B 
mishaps. 

Keep up the good work. 
Sincerely 

David A. Sandstrom, MSgt, USAF (Ret) 
PRC QA Rep 
Edwards AFB, California 93523 

Thanks for the update. We are 
pleased you are a regular reader of 
Flying Safety magazine. Ed. 

Dear Sir: 
(Reference Flying Safety, July 

1989 issue.) I was very disap­
pointed to find that the "single­
seat" mentality also extends to the 
Air Force Safety Office. The Koren 
Kolligian, Jr., Trophy is awarded to 
the USAF aircrew member who 
most successfully coped with an in­
fligh t emergency situation. This 
award for 1988 was given to one 

' -rv7-700/ 
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aircrew member of a two-seat air­
craft. I suppose the Weapon System 
Officer (WSO) was along simply for 
the ride. Since both crewmembers 
were mentioned in the WELL 
DONE award, (May 1989 issue) and 
both crewmembers' superb air­
manship prevented the loss of a 
valuable combat resource, why, 
then, is the WSO not included in the 
award of the Koren Kolligian, Jr., 
Trophy? Could the pilot alone of 
the F-lllD have prevented the loss 
of such a valuable resource if the 
WSO was not performing his job as 
a crewmember? I think the Air 
Force Safety Office needs to reex­
amine its "second class" citizen 
mentality. 

F-4 Weapon System Officer 
APONY09283 

Your statement concerning the e 
Koren Kolligian, Jr., Trophy being 
awarded to the USAF aircrew member 
who most successfully coped with an 
in-flight emergency situation is true 
enough-open to all ranks and 
MA]COMs, but is awarded to one 
crewmember, regardless of the size of 
the crew. In fact, only 7 "single-seat " 
pilots have won, whereas 11 pilots of 
multiplace tankers, transports, bomb-
ers, and helicopters have been chosen. 

In the past 31 years, the award has 
been given to two copilots and also two 
navigators, both F-4 WSOs, whose ex­
ploits are well known in the fighter 
community. 

There are different nomination pro­
cedures for the WELL DONE and 
Kolligian awards. The Kolligian award 
is given to only one person. We know 
each crewmember will perform their re­
spective job to the best of their ability. 
They are professionals, and without 
everyone's help, a recovery may not be 
possible. But for this award, it is the 
person most responsible for orchestrat-
ing the emergency response that re-a 
ceives the nomination. -Ed. • WI' 
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MAJOR 

Frederick R. Griese 
58th Tactical Training Wing 

Luke AFB, Arizona 

• On 5August1988, Major Griese was flying in an F-16D as the instructor 
pilot and flight lead of four on a conversion syllabus air-to-air training 
mission from Luke AFB. The flight proceeded normally until he flew a 
simulated flameout approach (SFO). 

Following the low approach, Major Griese advanced the throttle to 
military power, and at approximately 180 knots, he retracted the landing 
gear and felt a loss of thrust. He rapidly compared his engine instruments 
to expected values-RPM 75 percent versus 94 percent, FTIT 550 degrees 
Centigrade versus 940, and nozzle 75 percent open instead of 20 percent or 
less. 

Major Griese quickly reviewed his options-accomplish the critical 
actions for low thrust on takeoff which would take about 10 seconds, or 
extend the landing gear and prepare for a departure end cable engage­
ment. Using superior judgment, he instinctively reduced backstick pres­
sure to reduce angle of attack, so as not to get into a slow speed stall, and 
trade what little altitude he had to maintain airspeed, while simulta­
neously lowering the landing gear. 

After he confirmed all three gear were down and locked, he increased 
backstick pressure to regain the landing attitude. He touched down ap­
proximately 1,500 feet prior to the departure end cable. At this point, he 
lowered the hook and shortly thereafter engaged the cable at about 150 
knots. 

Investigation revealed a fuel control problem. Recreating like condi­
tions in the operational flight trainer, it was shown that the time needed to 
regain usable thrust was not available. If Major Griese had attempted to 
continue the takeoff, he would have eventually been forced to zoom the jet, 
jettison his stores, and eject. 

Major Griese displayed exemplary knowledge of F-16 capabilities and 
outstanding aviation skills under extremely challenging conditions. The 
superior performance of Major Griese saved a valuable combat asset and 
prevented untold collateral damage to the nearby civilian community. 
WELLDONE! • 



FORGET IT, GUYS! THE OLD 
MAN SIMPLY Al~-PT GON~A SWALLOW 

THE, 'lMARTIAN 5PACE5HIP RAN ME 
OFF THE RUNWAY" YARN!! 


