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DART INFORMATION ANALYZER ** ** * N64RL/DAlHU* 

TF:ACI< VERT. VERT.«===RADAR==INFORMATION===j) TIME DIST SPEED TRUE 
TIME ALT. LAT. LONG. SECS FEET VT/HR TF:AO: CHGE. CHGE. FT/MIN 

173304.0 5700 421728 825017 
545

173315.~) 5800 421718 824947 1 1	 2465 132.7 114.3 100 

173.325. (I D')')( I 421711 824926 10 1744 103.3 114.0 -0.3 200 1200 

17~,335. o 6100 421704 824855 10 2427 143.7 107. ,.) -7.0 100 600 

173345 ..0 6200 421657 824839 10 1405 83.2 120.3 13 .. 3 100 600 

173355.0 64C~ 421650 824809 J(l 2378 140.8 107.4 -13.0 200 1200 

173405.0 6500 421635 824748 1C. 2186 129.4 134.0 26.7 1(II) 600 

173415.0 6600 421628 824717 1 C' 2427 143.7 107.0 -27.1 100 600 

173425.(' 6700 421629 824648 10 2145 127.0 87.3 -19.7 100 600 

173435. o 6000 421618 824627 1 C. 1934, 114.5 125.2 37.9 200 1200 

173446.0 7000 421607 824556 11 2581 138.9 115.6 -9.6 100 545 

173456.0 720(l 4216(.1 824526 1.) 23~O 138.0 105. 1 -10.5 200 1200 
173506.0 730(1 421558 8245(15 10 1661 98.4, 100.5 -4.6 100 60(1 

173516.0 7400 421543 824434 10	 2773 164.2 123 ..2 22.7 100 600
 
1671 99.0 -8.1 6<)(1
173526.0 7500 421536 824414 10	 115. 1 100 

173536.0 7600 421533 824343 10	 2414 142.9 97.2 -17.9 100 600 
173546.0 7700 421514 824327 10	 2269 134.3 148. 1 50.8 100 6(") 

173556. I) 7800 421503 824317 10	 1343 79.5 146. 1 -2.0 100 600 
1736')7.0 8(~O 421441 824311 1 1	 2274 122.4 168.6 2(10 1('91 
173617 ..) 8100 421422 824250 1')	 2489 147.4 140.7 -27.9 100 600 
173627.0 82(~ 421408 824229 10	 2129 126.0 131. 8 -8.9 100 600 
173637.0 8300 421405 824209 1(1	 1512 89.5 101.6 -30.2 100 600 
173647.0 8400 421338 824153 10	 2988 176.9 156.3 54.7 100 600 
173657.0 8500 421323 824158 10	 1565 92.6 193.7 37.4 100 600 
173707.0 8700 421319 824218 10	 1555 92. 1 254.9 61.2 200 1200 
173717.0 8900 421338 824234 10	 2271 134.5 328.0 73. 1 200 1200 
173727.0 9t~)(:II) 421356 824244 10	 1973 116.8 337.6 9.6 100 600 
1737::58.') 9100 421407 824249 1 1	 1175 63 ..2 341.6 4.0 100 545 
173748.0 91~) 421426 824301 10	 2126 125.9 334.9 -6.7 o o 
] 73758. '_=_1 9200 421452 824246 10	 2865 169.6 23. 1 48.2 100 600 
173808.0 93~) 421501 824226 10	 1761 1.)4.3 58.8 35 .. 7 100 600 
173818.0 9400 421508 824206 10	 1657 98.1 64.7 5.8 100 600 
173828.t) 96(~ 421517 824137 10	 2367 140.2 67.3 2.7 20(, 1200 
173838 .. 0 9700 421521 824106 J(.	 2351 139.2 80.1 12.7 100 600 
173848.0 9800 421533 824041 10	 2~34 132.3 57.0 -23.1 100 600 
1 T.',S58. ,) 9900 421544 824011 10	 2513 148.8 63.7 6.6 100 600 
173908 .. 0 99(10 421552 823951 10	 1713 101.4 61.8 -1. 9 o o 
1'3919.0 10100 421549 823931 1 1	 1547 83.3 101. 3 39.6 200 1091 
173929.0 10200 421616 823902 10	 3493 2')6.8 38.4 -62.9 100 600 
173939. o 1~:12(1(:~ 421613 823831 10	 2342 138.7 97.5 59.0 o (I 

173949.0 10300 421610 823801 10	 2267 134.2 97.7 0.2 100 600 
173959 .. I.) 10400 421617 823741 10	 1657 98.1 64.7 -33 ..0 100 600 
174009.0 10500 421611 823710 10	 2403 142.3 104.7 40.0 100 600 
174(' 19.0 10600 421603 823640 1,)	 2420 143.3 109.6 4.9 100 600 
174029.0 10700 421604 823609 10	 2293 135.8 87.5 -22.1 10(' 600 
174()39.0 10700 421609 823540 1'')	 2238 132.5 76.9 -10.5 o o 
174050.() 1~:)90() 4216(15 823509 1 1	 2330 125.4 100.0 23.1 200 1091 
1741 1)0.0 11000 421558 823448 10 1740 103.0 114. 1 14.0 100 600
 
174110.0 110CIO 421551 823418 10 2378 140.8 107.4 -6.7 o o
 
17412').0 10900 421525 823412 10 2672 158.2 170.4 63 .. 0 -100 -6')0
 
174130.0 1':~6()(~ 421521 823432 10 1584 93.8 84.8 -300 -1800
 
17415(l.0 11)300 421517 823442 20 852 25.2 241.6 -13.6 -300 -900
 
174210.') 9800 421525 823442 20 811 24.0 0.0 118.4 -500 -1500
 

TOTAL DISTANCE COVERED 17.9 MILES 
TOTAL TIME 9.1 MINUTES 
AVERAGE SPEED 117.9 KTS/HR 
TOTAL RECORDS PROCESSED 53 

Figure 148 
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u*** DART INFORMATION ANALYZER ***** N64RL/PLO 

TIME <------TRUE TRACK------ >: <: -----GF:OUNDSPEED---- >: <---ALT I TUDE (X 1(0) --:-- > 
o 90 180 270 360: 24 115 207: 57 83 ',110 

3304 ••••••••••••••••••••••••••••••••••••••••••••••• : A ••••••••••••••••••••• 
3315 ••••••• T •••••••••••••••• : ••••••••••••• S •••••••• :A••••••••••••••••••••• 
3325 • T •••••••••••••••••••••••••• 5 •••••••••••• : .A••••••••••••••••••• 
~~~IC'-».».»;» ••••• T •••••••••••••••••••••••••••••• S ••••••• : •• A ••••••••••••••••••• 
3345 •••••• T ••••••••••••••• : ••••••• S •••••••••••••• : •• A ••••••••••••••••••• 
"":"""'I:::'E:" 
"_"....'...JoJ • T..... •.••.••.• . •..•. 5 ..•.•••. : A..••••••••.••..•.. 
3405 ........ T................... . 5 : A . 
3415 ....... T........... . S : A . 
3425 • • T • • • • • • • • • • • • • • • • • • • • • • • ••• 5 •••• ',' ••• : •••• A ••••••••••••••••• 
3435 .. T................. ..5 : A .
 
3446 •• T •••••••••••••••• :. • •••• 5 •••••••• : ••••• A •••••••••••••••• 
3456 •• T •••••••••••••••• : ••••••••••• 5 •••••••••••• A ••••••••••••••• 
3506 .T••••••••••••••••• : •••••••• 5 ••••••••••••. : •••••• A••••••••••••••• 
3516 ••••• T •••••••••••.•••• : •••••••••••••••• 5 •••• : ••••••• A •••••••••••••• 
3526 ...• T...... • ....••.•.. 5. • ..•••••• A.•..•••••·••.•. 
3536 .... •• T....... • 5. . •..•..•.• A•.•.•.•••••.. 
3546 •.•. T.... . '" ••........ 5.. . ••..•..•• A••••.••••••.• 
3556 •• T •••••••••••••.••...• 5.... .. . ••• A•••••••••• 
3607 ...... T................ . 5.... .: A .
 
3617 .... T...................... . .. 5. ..: A .
 
3627 .•• T..... . .•••••••.••••..•. 5. • .•.••••..••• A..•.••••••• 
3637 ••• T••••••••••••••••• :.... .5.. ..: •••••••••• A•••••••••.•• 
3647 ••••••• T ••••••••••••• : ••••••••••••• 5 ••• : ••••••••••• A •••••••••• 
3657 ••••••••••• T••••••••••• : •••••••• S.. ..: ••••••••••• A•••••••••• 
3707 .•••..•.•••••.. T••••.•. : ••••..•• S....... ..: •••.•••••••• A••••••••• 
3717 ••••••••••••••••••••• T •• : ••••••••••••• S.. ..: ••••••••••••• A•••••••• 
3727 •••••••••••••••• T •• : ••••••••••• S •••••••••• : ••••••••••••• A •••••••• 
3738 •••••••••••• T •• : •••• S ••••••••••••••••• : ••••••••••••• A •••••••• 
3748 ••••••••••••••••••••• T •• : •••••••••••• S ••••••••• : ••••••••••••• A •••••••• 
3758 • T •••••••••••••••••••••• : ••••••••••••••••• S •••• : •••••••••••••• A ••••••• 
3808 •••• T ••••••••••••••••••• : ••••••••• S •••••••••••• : •••••••••••••• A ••••••• 
3818 •••• T ••••••••••••••••••• : •••••••• S ••••••••••••• : ••••••••••••••• A •••••• 
3828 •••• T ••••••••••••••••••• : •••••••••••• S •••••••• : ••••••••••••••• A •••••• 
3838 ••••• T... • •••••••••• :. • •• S •••••••• : •••••••••••••••• A••••• 
3848 •••• T ••••••••••••••••••• : •••••••••••• 5 ••••••••• I •••••••••••••••• A••••• 
3858 •••• T ••••••••••••••••••• : •••••••••••••• S ••••••• : ••••••••••••••••• A •••• 
3908 •••• T••••••••••••••••••• : ••••••••• S•••••••••••• I ••••••••••••••••• A•••• 
3919 •• T ••••••••••••••••• : ••••••• 5 •••••••••••••• : ••••••••••••••••• A •••• 
3929 •• T ••••••••••••••••••••• : ••••••••••••••••••••• S, •••••••••••••••••• A ••• 
3939 •• T ••••••••••••••••• I ••••••••••••• S •••••••• I •••••••••••••••••• A ••• 
3949 •• T ••••••••••••••••• I ••••••••••••• S •••••••• : •••••••••••••••••• A ••• 
3959 •••• T ••••••••••••••••••• : •••••• S ••••••••••••• I ••••••••••••••••••• A •• 
4009 • •••••• T... •••••••••••••••••••• • .J•• S ••••••••••••••••••••••••••• A•• 
4019 ••• T •••••••••••••••• I •••••••••••••• S ••••••• I ••••••••••••••••••• A •• 
4029 .T •••••••••••••••••• : ••••••••••••• S••••••••••••• • ••••• A. 
4039 .T •••••••••••••••••• I ••••••••••••• S •••••••• I •••• • ••••• A• 
4030 •• T ••••••••••••••••• I •••••••••••• S••••••••••••••••••••••••••••••• A 
4100 ••• T •••••••••••••••• I ••••••••• S •••••••••••• I ••••••••••••••••••••• A 
4110 ••• T •••••••••••••••• I ••••••••••••• 5 •••••••••••••••••••••••••••••• A 
4120 ........ T •••••••••••••••••• .S•••••• I ••••••••••••••••••••• A 
4130 •••••••••••• T •••••••••••••••• S ••••••••••••• I ••••••••••••••••••• A •• 
4130 ••••••••••• T•••••••• IS •••• • • • • • • • • • • • • • • • • • • • • • • • • • • • A••• 
4210 ••••••••••••••••••• TIS •••••••••••••••••••••••••••••••••••••• A••••• 

Figure 14C 
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Since I put this talk together several weeks ago, our of
fice began investigating an accident involving an American 
Cessna 210 that departed Detroit, IFR, for Boston. Just after 
reaching an altitude of 11,000 feet over Canadian territory, 
it suddenly dove almost vertically into the ground. The FAA 
provided a DART printout (FIgure 14A) which lists time, the 
encoded altimeter reading. and geographic coordinates for 
radar sweeps that are normally about 10 seconds apart. 

Our Canadian system does not have provision for recall
ing such data. so when accidents occur close enough to the 
border to be within FAA radar coverage. we normally do the 
plotting by hand, as accurately as possible on large scale 
maps. 

However this time, because of the unusual nature of the 
accident. an evening was spent developing a program to 
provide the expanded information the investigators needed. 

In operation, the time. altitude. and geographic coordi
nates are entered following prompts on the screen for each 
radar position. The computer quickly completes the line 
with the time (in seconds) between each plot, the distance in 
feet. the groundspeed in knots. the true track in degrees, 
the change in degrees (plus or minus) from the last track, 
the vertical height change in feet. and the vertical rate in 
feet per minute. Following the last entry, the total distance 
covered in nautical miles, the total elapsed time. and the 
average speed is given, along with the total number of 
records processed (Figure 14B). I might add that this infor
mation is simultaneously stored on magnetic media for 
further use, so that it need only be entered once. 

The next logical step was to portray the information a 
little better, and another evening was spent expanding the 
program slightly. The result is shown on Figure 14C. The 
time base is replicated. and graphic plots are printed for 
track. groundspeed, and altitude. The track, of course, is 
from 0 to 360 degrees. The groundspeed and altitude scales 

are set automatically by their respective minimums arid 
maximums. 

Combined. the two pages provide a pretty good investi
gative ald. and an example of what can be accomplished 
quickly and easily. 

Conclusion 
It should be stressed that microprocessors rarely can 

produce Information that, given sufficient time, cannot be 
calculated manually. Their true advantages are in speed 
and accuracy. 

A few hours spent on a carefully written program, 
which is little more than stepping through all the necessary 
calculations to obtain the final result once, will continue to 
take a wide selection of different input data and process it 
exactly the same, time and time again, usually in a matter 
of seconds. The inqutsttlve investigator gets a chance to try 
a variety of parameters. watch the interaction, and be 
rewarded with an abundance of newfound knowledge. 

We have just been looking at the tip of the iceberg as far 
as the accident investigator and microprocessors are con
cerned. Desk top computers are sophisticated word proces
sors that make the transcribing of field notes, statements, 
and the writing of reports very efflcient and certainly more 
pleasant for both operational and support staff. They will re
tain and permit instant updating of safety and response 
manuals. programmed investigative procedures, and assist
ance directories. They can store safety recommendations 
and follow-up action by category. type. operation. etc. They 
can assist management and supervisors with mundane of
fice chores and free the time for more productive, safety 
related endeavors. 

Besides. computers have to be one of the most relaxing 
hobbies available, and a natural challenge for anyone asso
ciated with aviation. 
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Introduction 
This paper will deal primarily with general aviation 

accident investigation. reconstruction. analysis. litigation 
and prevention. It will overlap into other aviation areas 
which are common to general aviation. 

Private Consultant or Expert 
This paper is from the view of an independent or private 

consultant. Many of you might wonder. what is, and how do 
you become a private consultant? It's quite simple. If you 
have an area of expertise. all you do is prepare a glamorous 
resume, hang out your shingle, forward this resume to 
attorneys throughout the country who specialize in plain
tiffs or defendent's litigation of the specialty area of which 
you consider yourself qualified. An example is overall avia
tion expertise. This is not really the way it happened to this 
writer, who had just retired after thirty years. About seven 
or eight years ago an attorney from the West Coast called 
and asked me to do him a favor. At first I was rather skepti
cal about being called an expert. Every person in this room 
is an expert. It is Just a matter of defining the area of your 
expertise. Early in this business I asked the attorney who 
hired me what were the qualifications to be an expert in the 
state which we were working. His answer was, if there are 
ten people on the street and you know more about a certain 
subject than five of them do. then you are classified legally 
as an expert. 1don't know if that holds up in all states or not 
but it did in the state where the work was being done at the 
time. It has been said that an expert is a witness who is 
somewhat smarter than the jury, 

The group of consultants working in aviation through
out the country today come from a variety of disciplines. 
There are quite a number of retired FAA personnel; air traf
fic specialists,· maintenance and records people, investiga
tors. and meteorological types. Also some fixed based oper
ators participate in addition to operating their business. You 
will find many college professors, because of their very high 
qualifications in a specific discipline, involved as experts. In 
aviation litigation there are a considerable number of metal
lurgists, chemical engineers. mechanical engineers, aero
nautical engineers, engine people (reciprocating and tur
btne), propeller specialists and a few former industry per
sonnel. They will consist of test pilots, production people 
and general safety experts. Another group which is quite 
strongly represented is the system safety engineering peo
ple, along with crashworthiness engineers. These experts 
are not limited to aviation litigation; they are also hired in 
motor vehicle. industrial, and health related areas. 

Attorneys doing litigation in technical areas have a 
need for consultants and experts. The consultant is the indi
vidual with sufficient knowledge in a broad area to investi
gate, reconstruct, analyze and research. The consultant 
must know when to ask for an expert and where to find 
him. The consultant who becomes the expert in every area 
will soon meet a real expert, usually provided by the opposi
tion. 

Fatal Accidents 
A couple of years ago at the Seattle meeting, a presenta

tion was made by George B. Parker entitled, "Why Doesn't 
Aircraft Accident Investigation Prevent Accidents?" I 
would like to make the following quote from Mr. Parker's 
conclusion. "It is sad to say but it may be possible that there 
are not enough people concerned about fatalities in general 
aviation to shoulder the responsibility and costs to prevent 
these accidents." Note the chart of the transportation 
fatalities rose from 1,436 in 1977 to 1,690 in 1978.2 and in 
1980 dropped to 1,280. 

NTSB 1972-1976 Study 

Two years ago the National Transportation Safety 
Board released a special study on general aviation accidents. 3 

It dealt primarily with single engine aircraft and noted that 
in the period from 1972 to 1976 there were more than 
6,900 fatalities. Going back to that portion of Mr. Parker's 
statement that there are not enough people in general avia
tion concerned about these fatalities, it is certainly a valid 
statement. We all have concern but do we have sufficient 
concern to take the required actions necessary to prevent 
some of these fatalities? The answer to that collectively is a 
flat NO! We do not have sufficient concern. . 

The study published by NTSB certainly was not wel
comed wholeheartedly by all segments of the general avia
tion industry. It is hoped that studies such as these continue 
and become even more definitive. NTSB is to be com
mended. 

Mr. Parker talked about "costs to prevent these acci
dents.' When we refer to costs, we equate directly to dollars. 
and any dollar cost in general aviation is paid by the aircraft 
owner or operator. The general aviation owner and operator 
is being shortchanged because sufficient efforts are not 
being utilized and expanded to eliminate the so-called fatal 
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accidents and the accidents involving serious injuries and 
property damages. 

Products Liability 

The average products liability loss in the time frame 
from 1965 to 1973 increased 686% while there was only a 
60% increase in the general price index.' It has risen con
siderably higher in the past five years. This is what is 
known as the "Consumerism Era". Naturally, the aviation 
manufacturers must protect themselves by purchasing 
products liability insurance coverage. The larger companies 
such as Beech. Cessna and Piper are able to purchase their 
products liability coverage for premiums ranging from 
1 Yz % to 3 Yz % of their gross annual sales.' These percent- . 
ages at face value do not apear to be exorbitant. When you 
apply them to gross sales in excess of 1.5 billion dollars in 
1978,6 it becomes a very large figure for the manufacturers 
to pay for their liability protection. In plain words it is pro
tection against design defects, lack of quality control, inade
quate testing and failure to warn. As stated earlier these 
dollar costs are paid by the aircraft owners and operators. 

The products liability suits arise primarily in accidents 
where fatal and serious injury occur. If the accident is lack
ing a serious injury or a fatality, the manufacturer is rarely 
involved in a products liability suit. The costs of legal 
defense for these claims accounts for over thirty cents of 
each dollar paid in insurance premiums.' What we are see
ing is strictly after-the-fact actions and exorbitant costs 
which are being passed on to the consumer in general avia
tion. Millions of dollars are being paid because of simple and 
easily correctable design defects which would make the 
general aviation aircraft much safer and reduce these large 
numbers of fatalities and serious injuries. 

Who is to blame for the accidents we are having in gen
eral aviation that are so costly? Is it the FAA. NTSB, aircraft 
manufacturers, aircraft owners and pilots associations or 
insurance underwriters? I could go on and name several 
other groups or participants. General aviation has no one 
group responsible for accident prevention, and until such 
time as all forces are pooled together, the very costly and 
serious accidents will continue to plague us. 

Litigation 

Litigation has been cited as an accident prevention tool 
in the title of this paper. Several example cases will be 
discussed in which litigation was taken in the past several 
years. Accident prevention is not the purpose of litigation. It 
is only a by-product. The purpose is solely for collection of 
damages: be it a widow, surviving children or a person 
receiving an injury. Million dollar settlements are not 
uncommon today. 

Before going into the examples it must be stated that 
litigation is definitely the most costly known way of prevent
ing accidents. An effort will be made not to disclose, even 
though identifiable, specific type aircraft. manufacturer or 
personnel involved. The finding of accident causes is a form 
of criticism and it must be considered as constructive for 
accident prevention purposes. 

Case Number One 

This case involved an aircraft which has one of the best 
fuel systems in general aviation. As we all know, documents 
h.ave .b~en written. on fuel system design recommending 
stmplictty. The mam reason for design simplicity is to take 

the work load from the pilot, thus eliminating or reducing 
the pilot's chance for an error. Why have the pilot worrying 
about switching tanks in the final minutes of his flight, try
ing to find which tank has the most fuel? The single "On" 
type system has been utilized in many aircraft and has 
proven to be safer than where the pilots have to be c(:mti~
ually switching fuel tanks. With this type system the ptlot I~ 
his final minutes of the flight can concentrate on hIS 
approach. other traffic and flying the aircraft. 

The system to which I am referring has one overboard 
vent for both tanks. The vent is located on the left tank and 
there is no vent on the right tank. The thinking on the part 
of the manufacturer evidently was to place a line from the 
air space in the right tank to the air space in the left tank. 
thus adequate venting would be provided for the system. 
The airworthiness standards require a vent for each tank. It 
was evidently felt that the cross vent line met the minimal 
airworthiness standards. Redundancy is non-existant in 
this type of system. 

In 1970 an accident occurred in which serious injuries 
were involved with this type aircraft. It was found by the 
NTSB investigators that the vent on the left tank was 
plugged by foreign matter such as dirt and insects. This 
caused the engine to fail as a result of fuel starvation after 
approximately one hour and ten minutes of flying time. The 
same type of accident has occurred at least five or six times 
since the 1970 accident. Usually. since it is a low perform
ance aircraft, forced landings are executed with success, or 
minimal to severe aircraft damage, and without injury. In 
accidents such as these the insurance carrier on the hull 
pays the owner for the damages to the aircraft. The aircraft 
is then repaired or replaced, much as you would do if your 
car were damaged or totaled. 

Another such case occurred about five or six years after 
the original accident. This case had two fatalities. In 1977, 
during the course of litigation. the manufacturer came out 
with a Service Letter providtng a free fuel cap to all owners 
of this type aircraft for the right fuel tank, That fuel cap is 
vented, thus providing redundancy now for both tanks as 
far as the venting system is concerned. You decide who is to 
blame for not putting that vented fuel cap on after the origi
nal accident was found by the NTSB investigator to be caus
ed by a plugged fuel vent. Was it NTSB? Was it FAA? Was it 
the manufacturer? Was it one of the insurance carriers? 
The high litigation costs involved, the aircraft that were 
destroyed, the persons either fatally or seriously injured. 
can be charged to some or all of the groups. Anyone of the 
groups mentioned could have taken sufficient action to 
have caused this simple but serious deficiency to have been 
corrected. A vented fuel cap should not cost any more than 
a couple of dollars. The manufacturer finally took the action 
which is to be considered commendable. However, one year 
after th~ manufacturer's actions, in Huntington Beach, 
Caltfornta, an aircraft crashed with substantial damage and 
three serious injuries; several have since occurred. The 
NTSB investigators found engine power loss caused by fuel 
starvation as a result of lines clogged by dirt and insects. 
Po.ssiblyan Airwort?iness Directive would have been appro
pnate as further actton. On these most recent accidents, the 
manufacturer certainly should not be held at fault. 

Case Number Two 

In 1969 an NTSB investigator. accompanied by a man
ufacturer's representative. went to Rockford. Illinois and 
their investigation revealed the pilot, who was fatally in
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jured, attempted to take off with the control locks engaged. 
This is an obvious pilot error accident. The pilot in this type 
aircraft, doing a proper pre-flight and utilizing his check list, 
would have had at least five or slx opportunities to deter
mine that the control locks were engaged. The pilot of any 
aircraft, being human, is subject to making an error. The 
error, if possible, should not be quite so catastrophic! Once 
again the airworthiness standard plainly states that the 
pilot must receive an unmistakable warning if the control 
locks are in the engaged position when he applies the power 
for take off. This pilot did not receive the unmistakable 
warning until it was too late. The investigator on this acci
dent in his findings made some very good recommenda
tions. It is posstble to install the control locks properly and 
then remove them in such a manner that the ailerons, ele, 
vators and rudder would remain in the engaged position 
when and after you have applied the throttle to both 
engines. The investigator recommended a modification of 
the control locking system. He recommended that they be 
locked in such a manner that the aircraft could not rotate. 
Here again, general aviation suffered through a series of 
these accidents in the same type of aircraft. One at 
Chamblee, Georgia: one at Titusville, Florida: then one at St. 
Petersburg. Florida killing four people. After the St. Peters
burg accident, the manufacturer finally took action to 
develop a new control locking system which is considered 
to be fail-safe. The control column pin hole was also redrill
ed giving two degrees nose down elevator and twelve 
degrees right aileron when the locking pin is in the engaged 
position. With these conditions the aircraft cannot possibly 
become airborne. The manufacturer has also designed it in 
a manner in which the aileron, rudder and elevator must be 
disengaged prior to the release of the throttle guards. This 
modification and lock was put on the market for purchase 
at the owner's discretion and it is on all newly manufac
tured models. Now I ask you, what about some two thou
sand aircraft still 'out there in general aviation with the old 
type control lock mechanism? Who is going to show suffi
cient concern to see that they will be changed for the fail
safe model? Or will inaction prevail again? We are some
times slow to learn. KLM Airlines in the early 1940s had an 
accident as the result of the control locks being engaged on 
a DC3. An accident occurred over thirty years later with the 
same type aircraft and the same identical cause. The pilots 
in these accidents were ail high time pilots subject to 
human error. Let's not fill the cockpit and owner's manuals 
with cautions and warnings. Let's put system safety engi
neering to work on the drawing board or correct existing 
problems to eliminate possible errors the pilot could make. 

Case Number Three 
The recent NTSB studies' on the most popular aircraft 

by type plainly points out the most serious aircraft in gener
al aviation regarding the fatal accident picture. ,The NTSB is 
again commended as "the report names names and the 
cold figures pull no punches'v, This case will address one 
type aircraft. usually used for training, involved in litigation 
as a result of numerous fatal accidents, The accidents in
volve stall-spin fatalities. 

An instructor pilot with a student was asked by the con
trol tower to make a right 360 0 turn for traffic spacing on 
his downwind leg. Upon executing the turn at traffic pat
tern speed. the aircraft stalled. entered a spin and struck the 
ground in a flat spin configuration, Another two fatalities 
occurred While an instructor pilot working with another 
pilot to obtain his instructor pilot rating was observed doing. 
a series of turns at about 1500 feet above ground level. The 
aircraft, in a turn, stalled, entering a spin which developed 
into a flat spin killing both occupants. A later accident 

occurred with a private pilot experiencing engine failure 
due to fuel starvation. The pilot was practicing touch and go 
landings, when engine failure occurred after take off at 
approximately 150 feet AGL. The aircraft fell off on the 
right Wing, entering an incipient spin producing a fatal in
jury. These accidents all appear in the NTSB studies and 
statistics as "the pilot failed to obtain/maintain sufficient air 
speed." 

At the conference in Seattle Mr. Schleedew, in his pre
sentation regarding pilot error accidents, made a good 
observation in that we must "look beyond" the statistics 
produced by NTSB studies. This same aircraft has a long 
history of stallfspin accidents not just with low time student 
pilots but also with instructors and high time pilots. 

The aircraft upon certification was not required to be 
placed into a fully developed spin to determine if it were 
recoverable.'! Ata later date a test pilot intentionally entered 
a spin which went flat, and after twenty-seven turns and 
making every effort to recover, bailed out. Two instructor 
pilots in Canada intentionally spun the same model aircraft, 
entered a spin which went flat; every effort to execute a 
recovery was made with negative results. Fortunately. they 
survived the crash. Airworthiness standards require that 
any spinnable aircraft be recoverable. If this aircraft was 
never allowed to develop into a full spin, how was it certified 
to be recoverable? How did the manufacturer determine his 
pilot's handbook procedures for recovery from an "inad
vertent" spin? This spin type accident is also recorded in 
two other files where pilots have survived, usually crippled 
for life. 

This same aircraft has a long history of engine failures 
due to fuel starvation. In "looking beyond", this aircraft has 
a three-position selector valve, Off. Left and Right. This 
requires constant pilot attention, frequently switching 
tanks in order to maintain lateral balance. The pilot is re
quired to look full ninety degrees to the right and full ninety 
degrees to the left down by his leg to read the manometer 
type fuel gauges. to determine the amount of fuel in each 
tank. This type gauge of WWII vintage has a history of being 
extremely inaccurate. As a result of an accident investi
gated by NTSB in West Virginia, the investigator found one
fourth to one-third of a tank of fuel in both the right and the 
left tanks. It was determined that the cause of the engine 
failure was due to fuel starvation. The aircraft was at traffic 
pattern altitude on his downwind leg. The air was some
what turbulent causing an unporting condition which led to 
the engine failure, NTSB then requested that this fuel sys
tem be evaluated again by FAA and the manufacturer. This 
evaluation was conducted and according to reports in vari
ous publications the fuel system was given a clean bill of 
health. 

In a later model of this same aircraft, modifications 
were made on the fuel system to include fuel tanks located 
inboard on the wing each with a sump tank and thus elimi
nating the long tubular spars as tanks. The manometers 
were replaced with conventional electric type gauges 
mounted in full view, in the center of the' console. This is 
reflected in a marked reduction of.fuel starvation accidents 
in this series aircraft. 

The recent NTSB report shows that your chance ofbeing 
involved in a fatal accident in this aircraft is more than five 
times higher than in a Cessna 150. If you. your son, or your 
grandson are going to learn to fly, have a good look at the 
records and by all means choose the Cessna 150 over the 
aircraft discussed here. 
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This line of aircraft was in the last year purchased by 
another company. The president was asked w~at he ~as 
going to do regarding the products liability claims which 
have been numerous against this aircraft. His comment 
was he would let the insurance people take care of that. ~2 
Evidently, the aviation underwriters have tak:en care of It 
because It has been since announced that this model air
craft would no longer be produced." ' 

Case Number Four 
The final case study to be presented in this paper per

tains to an accident where a disconnect in a throttle linkage 
occurred. The part is a ball socket which costs $1.18 and 
has given problems in that the ball detaches from the 
mating socket. Numerous incidents of this have occurred as 
well as several injury producing accidents. 

The FAA on June 21, 1974 published an Airworthiness 
Directive for an aircraft utiliztng this specific throttle ball 
joint. The ball joint was replaced with a ro~ end bearing 
which provided a fail-safe redundant connection at the car
buretor. The manufacturer has continued to use this same 
identical ball joint in many other aircraft since the Air
worthiness Directive was published. The manufacturer 
published a Service Letter on May 28, 1975 for inspection ~f 
the ball socket. The mechanic is to "firmly grasp the umt 
and pull, twist and rotate the ball end. If excessive we~ ex
ists, replace with new ball joint (PN 31747-00) or applicable 
kit". The mechanic has no gUidelines for excessive wear. 

In the same Service Letter the manufacturer listed an 
appropriate kit which is a rod end type throttle connection 
as was required in the earlier Airworthiness directive. 

Since the Airworthiness Directive, which was limited 
only to one series of a model, the manufacturer in 1977 
came out with another Service Letter, where nine models of 
aircraft were affected because, "There have been a few 
reports received from the field describing inadvertent de
tachment of the engine controls Ii.e.. throttle, prop governor 
and/or mixture) at the control cable ball joint attachment 
assembly. Failure of this ball joint assembly renders the 
particular control system inoperative----- --". The Service 
Letter announces availability of a safety device (retainer) 
that, when installed on the ball joint assembly, prevents dis
engagement of the ball from the socket. This retainer costs 
S.08, and it provides a fail-safe system, yet it is not required 
in all cases where the ball joint is utilized in a critical area. In 
April of this year, General Aviation Airworthiness Alerts ad
dressed this aircraft as follows, "Throttle rod ball joint 
comes out of the socket at the carburetor". I ask you 
whether S.08 is too high a price to pay to prevent accidents? 
The S.08 fail-safe device would have prevented the accident 
discussed which involved four injuries, one of which was 
serious. It also would have prevented litigation wherein the 
manufacturer paid a settlement. The price paid in that 
settlement could have put the fail-safe device on every ball 
joint utilized in the model aircraft involved. 

The case studies which have briefly been touched upon 
all produced corrective actions to reduce or eliminate the 
fatal accident causes revealed. This is really the back door 
approach to accident prevention. 

Earlier you saw the huge dollar cost paid for manufac
turer's liability insurance by three of the major general avia
tion companies. Thirty percent of the premium is the 
arnourrt paid for legal defense of the allegations made.r The 
one common courtroom defensive statement is that the 
manufacturer of the aircraft met U.S. Government air

worthiness standards. The FAA Act provides authority for 
the establishment of minimum standards. It also states 
such standards constitute the optimum to which the regu
lated should strlve." All manufacturers should strive to far 
exceed the airworthiness standards in critical areas, notJust 
meet them. 

Mid-air Collisions 
On September 25, 1978, the subject of mid-air colli

sions became very prominent, and for several months after 
the San Diego disaster. Hearings were held and TV cover
age was at the maximum. !hen along came the D.C-.l? 
engine mount problem at 0 Hare. The subject of mid-cur 
collisions for news coverage was placed on the back burner. 
This problem has been with us for ~an~ ~ears, and it ~ill 
remain and get worse, until we get suffiCIent concern. 

Forty-three years ago an article was writt~n concerning 
the high density of operations at Newark AIrport: At that 
time Newark Airport had sixty-four scheduled arrtvals and 
departures each day. A quote from that article is, ."Only by 
constant watch over all ship movements may traffic be han
dled safely by busy airports"." That was over forty years 
ago. That article was written by none other than Mr. 
Jerome Lederer. The "see and avoid" concept has been 
proved to be inadequate for our p~esent day ai~craft move
ments, especially around busy airports and In approach 
areas. 

The mid-air colliston potential will increase drastically 
in the next decade. General aviation aircraft alone are 
expected to grow from 187,000 to 291,000. Air carriers will 
also be flying an additional 600 aircraft. Instrument opera
tions at FAA controlled airports will increase by more than 
76%" We can ill afford to spend the next ten years with the 
inactivity that we have displayed in the past ten years. The 
serious problem of mid-air collisions is facing us and becom
ing greater every day. 

In 1971 a statement was made before the Senate Sub
Committee on Transportation, Aviation and Communica
tion, when it was meeting on the subject of mid-air colli
sions. The statement made was as follows: "We believe that 
the efforts of a national group representing all of the avia
tion community are needed If a viable air derived collisions 
program is to evolve. What is needed is an active group 
rather than an advisory or coordinating group". The same 
identical statement was submitted to Congressman 
Thomas Harkin, Chairman of the Sub-Committee on Trans
portation for the hearing which commenced on June 27, 
1979... The author of this paper agrees that an action group 
is needed. We have had numerous advisory groups and 
coordinating groups in the past years on the subject of mid
air collisions. We can prevent the next San Diego! San 
Diego, as was brought out earlier, was a headliner for the 
news media. 

The NTSB study to which I have referred several times 
shows 196 mid-air collisions. These mid-air collisions are in 
general aviation and also can be prevented If actions are 
taken or if "sufficient concern" is shown. 

In Mr. Lederer's article he cited a suggestion from Eng
land which proposed to carry a small transmitter to emit 
constant radiation of warning signals from the other aircraft 
and be warned of the direction of approach. During WWII a 
pilot flying in Great Britain was able to pick up the barrage 
balloon signals which would give him the warning to 
reverse his course and flyaway from the danger area. 
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At the U.S. Army Aviation Training Center at Fort 
Rucker. Alabama. from November 1966 to November 1968 
seven mid-air collisions occurred. Twenty-four lives were 
lost and resulted in a material loss of about two and a half 
million dollars. At that time it was necessary to have as 
many as 750 aircraft airborne at one time. Sufficient con
cern was shown and actions were taken at Fort Rucker to 
have developed an airborne proximity warning device. 

Several manufacturers at their own expense from the 
"State of the Art" put together black boxes and brought 
them to Fort Rucker. They were evaluated by the Army 
Aviation Test Board at Fort Rucker and the best unit was 
selected. The manufacturer was then asked to produce sev
eral sets which were further tested in the Apalachacola, 
Florida area. 

Twenty-two hundred of these devices have been in
stalled on Army aircraft, and since their installation there 
have been no mid-air collisions. The device has adequately 
warned on many occasions. It is capable of providing pilots 
with selectable warning ranges of 1.000. 3.000 and 5.000 
feet omni-directionally in azimuth. It also provides warn
ings 300 feet above and 300 feet below the aircraft, telling 
you the intruder is above, at or below your altitude. It will 
also tell you ifhe is right or left of your center line. in front or 
to the rear of your position. Should a second intruder invade 
your surveyed air space. it will show you QIe quadrant in 
which he is located. It is possible to obtain this coverage 
with antennae patterns so that no point in azimuth will dis
play nulls or depressions sufficient to degrade the required 
warning ranges. An audio warning is also generated and in
jected into the intercom whenever an Intruder penetrates 
the protected airspace volume. 

On a simple pilot questionnaire distributed in Decem
ber 1971 to 222 instructor pilots. 203 were returned, 100% 
indicated that the proximity warning device created no 
interference with their training. Forty-two indicated that 
the device had prevented them from having at least one 
mid-air collision. We can't say that forty-two mid-air colli
sions were prevented. What we can say is that in forty-two 

, cases the pilots were alerted of a possible mid-air collision. 
In the Senate Sub-Committee meetings held on November 
2 and 3. 1971 the price of this device was given in the range 
of $650,000 to $850.000. 

On July 23. 1969, John H. Reed. then Chairman of the ' 
National Transportation Safety Board. wrote to John H. 
Schaffer, Administrator of the Federal Aviation Administra
tion: "We therefore recommend that the Federal Aviation 
Administration support the expeditious development of low 
cost collision avoidance systems for all civil aircraft. "15 The 
answer from Mr. Schaffer on September 9. 1969 was that 
the "FAA is actively cooperating with the ATA Collision 
Avoidance System program, Man-power and test facilities 
are being made available to test all new items---." A similar 
recommendation was made by Board Chairman James B. 
King on October 27. 1978. before a joint hearing of the 
Senate and House.' 

Transport Mid-air Collisions 

Except for Grand Canyon most of the transport mid-air 
collisions have occurred in good visibility at an altitude 
below 5,000 feet, and usually with a descent and possibly a 
turn involved. Reduced speeds for approaches have been 
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set up. The worst spot for a mid-air potential for our current 
jet aircraft is to have a target in front and below. The closure 
rate has been much lower than the cruising speed of either 
aircraft in most cases. 16 

Charts have been prepared of the air transport acci
dents at Urbana. Indianapolis. Whittier and San Diego 
where the pilots would have had a minimum of five to fifty
one seconds' warning prior to impact. If we care to look 
back to the Grand Canyon accident, this device would prob
ably have provided at least eight to twelve minutes' warn
ings of the impending collision. 

Urbana Mid-air 

The first accident to be discussed occurred March 9 .. 
1967. twenty-five nautical miles northeast of Dayton 
municipal airport. near Urbana, Ohio. The collision was 
between TWA 533 and a Beechcraft Baron B-55. There 
were twenty-six fatalities. 

The TWA flight was descending from 20.000 feet to 
3,000 feet at a rate of descent of 3.500 feet per minute on a 
heading of 232°, with an airspeed of 323 knots. Visibility 
was five to six miles. (See Urbana chart) 

The Baron aircraft was on a heading of 195 ° in level 
flight at 4,500 feet MSL with an airspeed of 194 mph. 

Dayton Radar Approach Control had established radio 
and radar contact with Flight 553 one minute and fourteen 
seconds prior to collision. The Baron was detected by the 
radar controller twenty-five seconds before collision. An ad
visory was immediately issued, "TWA five fifty three. roger, 
and traffic at twelve thirty. one mile. southbound, slow 
moving". The captain of flight 553 acknowledged. "Roger". 
The collision occurred fourteen seconds later. 

To look at the scaled chart of this accident, both pilots 
would have had a warning in excess of five seconds of the 
impending near-miss or collision. The time of warning 
would have been shortened in this case because of the 
3.500 feet per minute (58.3 feet per second) sink rate of the 
DC-9. The warning would have told the flight crew of Flight 
553 the intruder was "below, in front and to the right". 
According to the Board conclusion and findings "Approxi
mately five seconds should have been sufficient to detect 
the target and initiate a change In direction of the DC-9."16 

The Baron pilot would have had an "above, to the rear, 
to the left" warning. 
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Fairland Mid-air 

This accident occurred near Fairland, Indiana on Sep
tember 9. 1969. It involved an Allegheny Airlines DC-9 and 
a Piper PA-28. (Fairland Chart) There were 83 fatalttles. The 
DC-9 was on a heading of 281 ° at 268 knots. descending at 
2.460 feet per minute. from 6.000 feet to 2.500 feet under 
positive radar control. Visibility was at least fifteen miles. 
The PA·28 was on a heading of 175 °at 107 knots in level 
flight and was not detected on radar-s so therefore. no traffic 
advisory could be issued to the DC-9. 18 

The aircraft's lateral rate of closure computes about 
460 feet per second and vertical closure at 41 feet per sec
ond. Had the developed device been used there would have 
been in excess of nine seconds on the horizontal warning 
and 7.3 seconds on the vertical warning for each aircraft. 
According to NTSB this is ample time for a DC-9 crew to 
take necessary evasive action. The Board determined, "the 
probable cause of this accident to be the deficiencies in the 
collision avoidance capability of the Air Traffic Control 
(ATe) system of the Federal Aviation Administration in a 
Terminal Area wherein there was mixed Instrument Flight 
Rules (lFR) and Visual Flight Rules (VFR) traffic." 

ALLEGHENY AlRLINESI PIPER 
SEPT9, 1969 FAIRLAND, INDIANA 
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Whittier Mid-aIr 

This accident was Golden West Airlines Flight 261 and 
a Cessna 150. It occurred near Whittier. California. on Jan
uary 9. 1975. and there were fourteen fatalities. 

Flight 261 was descending from 2.800 feet to 2.200 feet 
on a heading of 250 o. His airspeed was 150 knots and rate of 
descent was 315 feet per minute. The aircraft was in radar 
contact and was cleared for Los Angeles Terminal Control 
Area (TeA) No. 2 arrival to runway 24 Left. Arrival radar 

~ 
~ 

gave Golden West three traffic alerts on a northbound police 
helicopter but never reported the Cessna' 150. which was 
also northbound at 94 knots." 

The closure rate of the two aircraft ws 342.5 feet per 
second horizontally and 5.25 feet per second vertically. This 
~ould haye given about ~ fifteen second warning to the 
pilots hortzontally and a fifty-seven second vertical warn
ing, had the proximity warning device been in use. 
(Whittier Chart) 
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