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SYNOPSIS

At 0%48 c.d.t., on August 4, 1968, North Central
Airlines Flight 261, a Convair %30, N4¢34s, and a Home
Airmotive, Inc., Cessna 150, N87425, collided approximately
11.5 miles southwest of General Mitchell Airport, Milwaukee,
Wisconsin, at an altitude of 2,700 feet. All mag_or components
of the Cessna fell to thz ground, with the exception of the
cabin section with its t¢hree occupants and the attached
landing gear, which were embedded in the Convair's forward
baggage compartment. Dem“;?e sustained by the Convair wes
extensive, but controlled flight was maintained by the

captain and a successful landing wes accomplished at

General Mitchell Field at 0954,

The three occupants of the Cessna were Killed in the
accldent, and the first officer on the Convair Sustained
serious injuries. The captain, stewardess, additional
crehmember, and eight passengers on board the Convair were
not injured.

The Cessna 150, rented by a private pilot from Home
Airmotive, Inc., departed Mitchell Field, Lombard, Illinois,
about 0900 on a flightto Sheboxgan, Wisconsin. The flight
was conducted under Visual Flight Rules without a filed
flight plan, and there was no known radio contact with any
ground station during the flight. Evidence indicated that
the Cessna wes on an approximate heading of 314° when the
collision occurred.

North Central Airlines Flight 261 departed O'Hare
International Airport, Chicago, Illinois, at 0934 on an
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Instrument Flight Rules flight plan to Milwaukee. At the
time of the collision, the crew was in radio and radar
contact with Milwaukee Approach Control, and the flight
had been cleargd to descend to 2,600 feet on a vector
heading ©f 350 for an intercept with the Instrument Land-
ing System localizer course serving Runway 7R.

During the 2 minutes prior to the collision, Flight 261
was issued three consecutive radar traffic advisories wrich
dsccribed a target as "twelve thirty, four miles, northbound”
then "one o°"clock, three miles, northbound," and, finally,
"one o"clock, a mile and a half, north-northwest bound."

The Convair flightcrew searched for this target but were
unable to sight it until immediately prior to impact when
i1t was too late to take evasive action. Their detection
efforts were hampered by a dense concentration of insect
smears on the forward windshield and direct vision windows,
which had accumulated at a heavy rate during the flight.

The surface weather observation made at 0920 at
General Mitchell Field indicated that the visibility was
3 miles in haze and smoke.

_ "TheBoard determines’ that the probable cause of this
accident was the inability of the Convair 580 flightcrew to
detect the Cessna 150 visually in sufficient tine to take
evasive action, despite having been provided wifh three
radar traffic_advisories_concerning the latter aircraft.
is 1 detection capabilitiee were substantially reduced by
the heavy accumulation of Insect smears on the forward wind-
shield ane direct vision windows of the Convair. Visibility
was further reduced by haze, smoke end sun glare, and by the
inconspicuous color and lack of relative motion of the Cessna.
Under these circumstances, the crew of the Convair should
have requested a radar avoidance vector.
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1. INVESTIGATIGN
1.1 History of the Plight

At 0A8c.a.t., 1/ on August 4, 1968, North Central
Airlines Flight 261, a Convair 530, 2/ N4634s, and a
Cessna 150, N874235, owned by Home Airmotive, Inc., and
rented to_a private pllot, were involved In a midair col-
lision which_occurred_approximately 11.5 miles southwest
of General Mitchell Field pilwaukee, Wisconsin, at an
altitude of 2,700 feet. (See Attachment 1.) The Cessha
was_destroxed and 1ts three occupants received fatal in-
jJuries. The Convair was damaged extensively, but its
crew was able to maintain controlled flight and a success-
ful landing was accomplished at General iiitchell Field.
The first officer on the Convair sustained serious injuries
while the captain, additional crewmember, stewardess and
eight passengers were not injured.

North Central Flight 261 was a regularly scheduled
assenger flight between 0'Hare International Airport,
hicago. Illinois, and Manitowoc, Wisconsin, with an

en route stop at General Mitchell Field in Milwaukee.
The flight departed 0'Hare Field at 0934, 9 minutes behind
schedule, with an Instrument Flight Rules (IFR) clearance
to Wind Lake Intersection via radar vectors direct. Depar-
ture instructions were to maintain runway heading (320°)
and climb to 5,000 feet.

_ The first officer was operating_the controls from
his right seat position on this particular flight in
accordance with the general airline practice of rotating
fllght segments between the pilots. The captain was
handling the radio transmissions.

During climbout, the flight_encountered an unusually
heavy accumulation of insect Strikes on t i ield
The captain compar=d the situation to a ¢Shol erisRiedd:y

I7 7AIT times herein are central dayllgzht based on the
24-hour clock.

2/ Although the technically correct designation for N4634s
is Allison Prop-Jet Convair 340, this type of aircraft
is most commonly referred to as a Convair 580, which is
the terminology used throughout this report.
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which “ice was accwnulating on the windshield at an
enormous rate."” Tn view of the insect problem, the
flight requested, and subsequently was granted,
clearance to 7,000 feet. The captain stated that the
insect accumulation continued at 7,000 feet, but at a
lesser rate than was experienced at lower altitudes.

Flight 261 was handed off from Ot'Hare Departure
Control to the Chicago AIr Route Traffic Control Center,
which cleared the flight to wina Lake Intersection, via
Victor Airway 479, at 7,000 feet. The Center, in turn,
transferred control of Flight 261 to Milwaukee Apiproach
Control, which located the radar position of the flight
at or near the centerline of Victor 479.

After establishing radio contact at 0g43:5%, Approach
Control cleared Flight 261 to “fly heading three five zero,
descend and maintain . . . two thousand six hundred for a
vector to the runway seven right ILS Iandln? straight in."
During the 2-minute period prior to the collision, Approac
Control transmitted three radar traffic advisoriszs to
Flight 251 which provided azimuth, range, and movement
information on two unidentified aircraft ahead of the
flight. One of these targets was consecutively described
as “twelve thirty, four miles, northbound, slow movin_u
20946:24; , then "“one o’clock, three miles, northbound#
0047:02) , and finally northbound target, one o’clock,
mile and a half, rorth-northwest bvounc (0947:35).

The captain and first officer on Flight 261 stated
that they searched In the direction o2 the traffic ad-
visories provided by Approach Controi, but were unable to
Sight any of the reported targets. They stated that the
forward visibility during this period weas restricted con-
slderably, due to the insect accumulation on the windshields
as well as to the haze and smoke which increased in density
throughout the descent. In addition, they stated that the
position of the sun was such as to creste a glare or halo
effect in combination with the haze, particu%arly when
looking to the right of tre nose of the aircraft.

_ The captain estimated that the visibil_it?; through his
side window was 1 to 2 miles based on his sighting of

3/ The communications between Milwaukee Approach Control—
and Flight 261 are set forth in full in the Communi-~
cations Section.
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Wind Lake, which, along with Muskego Lake, wes detected by
him shortly after receiving the 0946:24 advisory., Both the
captain and the first officer described visibllity througt
It_he_{rgnt windshield and direct vision windows as extremoly
imited.

Both of the Convair pilots stated that they caught a
glimpse of the Cessna just prior to impact. The first
officer reported that he first saw tre other aircraft at
the 1:30 position, but that he "wouldn't even estimate the
distance. It wes close, very close .... a matter of ...
varas." However, he was able to identify the type and color
of the aircraft, as well as the fact that it was closing on
an intercept angle of approximately 30°. He further stated
that the proximjty of the other aircraft precluded any evasive
action, ollowing the momentary glimpse of the Cessna, his
next recollection was the sound of impact.

Two passengers, who were seated on the right side of
the Convair, stated that shortlty prior to the collision they
caught sight of a small alrcraft which was ahead and to the
right of the Convair and flying toward them at nearly a
right angle. They lost sight of this aircraft, and moments
later impact occurred.

There were two ground witnesses to the collision, both
of whom were located in a barnyard slightly southeast of
the collision point. TheY initially observed the larger
plane flying in a northerly heading, with the small plane
approaching the larger one on a converging engle of apfroxi-
mately 60 fto 90°. They stated that the two aircraft flew
straight towards each other, with no sign of any evasive
maneuver. One of them continued to watch the two alrcraft
until they collided, after which the "targe airplane jolted
and made a sight left turn and then continued flying north.*
The other witness looked away when the two aircraft were
still about three-quarters of a mile apart, heard the sound
of collision several seconds |ater, and then looked back
and saw pieces of aircraft falling to the surface. Shortly
after the collision, he saw another light aircraft about
2 miles northeast of his position, flying in a southeasterly

direction.

The radar controller who wes handling Flight 261 at
the time of the collision stated that he Issued traffic
advisories on targets that he considered migt be a factor
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for that flizht. With respect to the three advisories
reporting a "northbound" or "rorth-nerthwest bound” air-
craft, the controller described the track of tris target
as parallelin; the track of Flight 261 until the third
advisory, when the former turned toward the latter. The
controller could not recall what hgp ne% to this target
after it turned toward the track o? B ight 261.

The next advisory, which described a target "One
o'clock, two an6 a half miles, just made a left turn,
southbound, slow moving," wes iSsued at 0%4&:32, or /
seconds after the collision, althougsh the controller wes
unaware of this at the time. The controller tren observed
this target appear to merge with the target of Flight 261,
and, about trhe same time, the c.nondary, or transponder,
target of Flight 261 disappeared from the radarscope. The
primary target of Flight 261 was then observed in a rizht
turn to the northeast.

Immediately following impact, the captain took con-
trol of the aircraft. The right engine was shut down,
and the captain gradually added power to the left engine
and turned in the direction of the airport. In evaluating
the damage to the aircraft, he determined that electrical
power (including communications) had been lost, ani put
the electrical system on an emergency basis.

After reaching the airport, the captain dzcided to
circla the tower. He checked to assure that the hydraulic
pressure wes up and, when he wes east of the tower, placed
the landing gear handle to the "down" position. As an
emergency measure, he also blew out the gear up latches
with the emergency gear extension compressed air charge.
He looked at the tower and noticed that he was being given
a green light. He also noticed the shadow of the aircraft
on the ground, indicating that the gear wes down.

The captain continued to circle the tower to the
north and then to the west, and finally came in for a
no-flap landing on Runway 1, touching down at what tower
personnel estimated to be about 0954. After landing, the
gear remained extended, and the captain reversed the left
engine propeller. The brakes operated normally, and the
captain wes able to taxi the aircraft to the north pier
ramp without assistance.
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The Cessna 150, N8742s, was rented on the morning of
August 4, 1968, from Home Alrmotive, Inc., Mitchell Field,
Lombard, 1llinois, by a private pilot for the purpose of _
transporting himself and two others to Sheboygan, Wisconsin.
He mentioned that he would be returning that same day, late
in the afternoon. _He gave no indication of the route he
intended to fly. The investigation did not disclose an
record that the ptlot filed a flight plan with a Federal_
Aviation Administration (FAA) facility, no? was one required.

The manager of Home Airmotive, Inc., otserved that
the private pilot who rented the Cesana had zome sectional
and 1nstrument charts in his possession; however, he couid
not tell whether these included_the radio facility charts
for the area of the intended flight. The only phase of
the preflight in which the manag@r participated was the
calculation of the fuel load, which had_to be adjusted
downward because of the third person being carried orn the
flight. He estimated that the Cessna departed around 0900,
in Visual Plight Rules (VFR) conditions.

_ The Home Airmotive manager described the radio- _
nav!?atlon equipment on board %8742$ as consisting pri-
marily of a NAVCOM 300, which allows the pilot to receive
VOR and ILS frequencies and to transmit and receive voice
communications on a separate frequency at the_same time.
The manager also described the color of the aircraft as
follows: ™ fuselage - %0 percent white, 50 percent red;
wing area ~ totally white; rudder and elevator = 90 per-
cent white; 10 percent red.

The accident occurred_in daylight conditions at a
location, based on the position of the Cessna wreckage,
of latitude #2°50' north, and longitude 8896t west.

1.2 Injuries to Persons

Injuries Crew Passengers Others
Fatal 1 (Cessna 159) 2 (Cessna 150) 0
Nonfatal 1 (Convair SBO 0 0
None 3 {Convair 580 8 (Convair 580)

1.3 Damage_to Ajrcraft

The Convair 580 was extensively damaged in the area
from the radome aft to, and ‘acluding, the right engine
and propeller. The right side of the cockpit and forward
baggage compartment were crushed inward by impact forces.
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The ..csna 150 was dostroyed by the collision.,
Portions of the cabin scction arnd the attached landing
Jear were embeduced in trhe Convalr ££€¢, while the remainder
of the Cessna alrcraft fell in picces to the ground.

1.4 Cther Dama:e

Hone.

1.5 Qrew Information

The crews of both alrcraft were properly certificated
and qualified to corduct thelr respective flights. (For
detalled crew information, see appenrndix A.;

1.0 Alrcraft Information

Loth aircraft were properly certificated and had been
maintained in accordance wilch existing requirements.

The welizht and center of gravity of each aircraft
were calculated and found to have been within limits.
The Convalr &f¢ had Seen cerviced wlth Jet A fuel and the
Cessna Was serviced With EC-octane aviation gasoline.

For detalled Information, see aAppendix B.

1.7 eteorolostcal_lnformation

The following surface weather observations were taken
at General Mitcrell Field on the morning of the accldent:

0220, Speclal hizh, thin hroken, visibility 3 mlles in
haze and smoke, wind from ¢3(° at 3 knots, alti-
meter setting 3C.13 inches.

pans, Hi:zh, thin broken, vigibility % miles in haze and
smoke, tenperature 7¢~F., dew polnt 750°+., wind
g‘ro:rr]n 0700 at 3 knots, altimeter setting 3C.13
inches.

The Tel Autozraph record for General iitchell Fiecld
irdicated that the tower visibility wes reported as & miles
at cshs. 4/

The Tel Autozrapn is Hasically a means of Instantaneously
transmitting weather informatlon between various locations
at an airport.
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Winds-aloft observations made at 0700 for 3,000 feet
m.s.1. were 305° at 4 knots (Green Bay, Wisconsin; and
2709 at 21 knots (Peoria, lllinois).

The aviatior terminal torecasts for Milwaukee and
Green 3ay issued by the Chicago Weather Bureau Forecast
Center at 0545, valid 0&6c0-18C0, were as follows:

Mllwaukee

0600-1000C, Clear, visibility 3 miles in haze, variable
to partial obscuration. visibility i/2 mile
in ground fog and haze-until 0S00.

1000-18C0, 30,000 feet thin broken, visibility 5 miles
In haze, occasional 4,000 feet scattered,
10,300 feet scattered.

Grecn Baz

0600-1100, %0 oc|>0 feet thin_broken, chance of visibility

miles, ground fog until O8CO.

1100-1800, 4,000 feet scattered, 30,000 feet thin broken.

A self-help weather priefing display Wes available to
the crew of Flizht 251 at O'Hare Field. “In addition. company
personnel attached pertinent 0800 sequence weather reports
and pertinent Weather Bureau terminal forecasts to the
dispatch release which was supplied to the captain.

There was no record of either the captain of Flight 261
or the pilot of Ccssna 150, N8742s, havmcf] been briefed by
personnel at the O'Hare Weather Bureau office. Nor was
there anK record indicating that Joliet Flight Service
Station had been contacted by the pilot of N&8742S on
August 4, 1968. 5/

Shortly after the 320 surface observation was made
at General Mitchell Field, this weather information, which
included a visibility value of 3 miles with haze and smoke,

5/ There is a direct telephone line from the Home Airmotive
office, where the Cessna 150 was rented, to Joliet Flight
Service Station.
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was broadcast on the iillwaukee ILS frequency of 110.7
©Hz. 8’ The Convair 580 captain stated that he heard
this report durinz the approach. The Cessna 150 was
equipped with radio/navization equipment which, if appro-
riately tuned, also could have received this informatior,.

n addltion, a zeneral aviation pilot wro had flown some
12C-13C hours with the Cessna pilot, mostly on cross=country
£lights, reported that the latter wes familiar with how
wedther informatlon could be obtained from :srourd statiors.

Cne of the two ground witnesses to the collisicn
stated that the visibility In the area was very good,
while the other reported that the weather was smoky and
hazy. The passengers on Flight 261 generally reported
that, during the period Just prior to trhe collision, the
weather was hazy and smoky with occasional thin clouds.
Several of tham stated that they could see the zround only
intermittently.

The additional crewmember on Flight 261, who was
seated In the front right section of the passenger com-
artment, stated that immediately following the collision,
e opened up the window curtain, at wrich time he noticed
ghat_lthe horizontal in-flight visibility wes approximately
miles.

General Mitchell Tower personnel Vvisually sighted
Flight 261 when 1t was approxjmately .4 miles southwest of
the field. 1In addition, gprlvate ilot, who took off from
General Mitchell Field shortly after Flizht 261 landed, re-
ported that at a point 4 miles southwest of the field, at
an altitude of 2,003 feet, the visibility wes approximately
5 to 6 miles with some haze present.

The National Almanac Office reported that on August 4,
1968, at 0948, for an observer at 2,700 feet above mean sea
level at latitude 42°4G' north and longitude 88%07! west,
the apparent altitude of the sun wes &go and the true azimuth
was 107° measured from north through cast.

1.8 Aids to Navigatior

Fol_l.lowin% the accident, ground checks were conducted
on pertinent facility equipment In accordance with prescribed

6  The automated continuous broadcast of weather data, along
with information regarding runways and approaches in use,
IS known an Automatic Terminal Information Service (ATIS).
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certification procedures. The General Mitchell Tower's
radar and associated equipment were found to be operating
within established tolerances.

) On the morning of the accident, all navigation aids
in_the Milwaukee terminal area were reported to be oper-
ating satisfactorily. Post accident ground check reports
of Mrlwaukee VOR _and Timmerman TVOR navigational aids re-
vealed no operational discrepancies.

~On Auggst 6, 1968, a special flight check of the
Milwaukee Airport Surveillance radar equipnent was con-
ducted with a Cessna 150 iIn_ti.e area of the collision to
determine adeggacY of facility performance. The flight
check report disclosed that facility performance was
satisfactory. However, one item of significant interest
was revealed. The report shows that the primary target
return of the flight check aircraft weakened and disappeared
from the radar displcy for_a brief period of time when the
aircraft was flown on headings tangential to the antenna.
The magnetic bearing from the radar antenna to the position
of the Cessna wreckage was approximately 2300. The
tangential heading at that point would therefore be either
320° or 140°,

The loss of a primary radar target of an aircraft on
a heading tangential to the antenna Is an expected or known
fact concerning the limitations of radar. Target loss is
related to the Moving Target Indicator (MTI) circuitry”s
cancellation effects on stationary objects. The target
range must be less than the range setting of the MTI gate
control, in Addition to the target track®s belng tangent
to the antenna. The tangential course problem does not
pertain to secondary radar, and thus transponder returns
are not affected.

1.9 Communications

__The communications recorded between North Central
Airlines Flight 261 (NO. 261) and Milwaukee Approach cCon-
trol (MKE) were as follows:
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0oL c1

0944: 22
0944 25

0844: 31

NO. 261

NO. 261
MKE

NO. 261
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Content

Milwaukee Approach North Central 261
with you.

North Central 261 Milwaukee Approach
squawk zero four hundred fly heading
three five zero descend and maintain
three thousand = ah = make that alti-
tude two thousand six hundred for a
vector to the runway seven right ILS
landing straight in. Advise when you
are out of five thousand and the wind
is zero two zero degrees at three alti-
meter three zero one two

0K. We'll do all that.

261 radar contact traffic at eleven
o'clock and a mile and a half south-
bound. Slow moving pass just off
your left side on his present heading.

OK.

(At 0945:48, NO. 261 reported over company radio that they
were In range and gave a fuel report. They also stated that
"we'll have to have the windows cleaned.")

0945: 53
0945: 56
0945: 59
0946: 24

0946:33
0847:02

MKE
NO. 261
MKE
MKE

NO. 261
MKE

North Central 261, your altitude now?
We're just out of thirty five.
Out of thirty five. Roger.

North Central 261 traffic at twelve
thirty four miles northbound slow
movin; addltlonal traffic at - ah -
eleven thirty and three miles east-
bound.

OK.
261 both targets now at = ah = one

o'clock two miles eastbound and three
miles northbound.
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Time Source Content
og47:11  NO. 261 261 no contact.
0S4Ti35 MKE 261 the one eastbound is no longer

a factor the northbound target {s
at one o"clock and a mile and a half
north northwest bound.

och7:l2  NO. 261 OK.

oul7: 44 NO. 261 Got so many bugs on the window we
can hardly see out of here.

OGL4T7: 48  MKE You"ll have to stop at a filling
station.

oe47:51 NO. 261 Yeah, we made an appointment.

05h8:32  MKE 261 traffic at one o"clock and two

and a half mlles Justmade a left
turn southbound slow moving.

Ths cockpit voice recorder ceased functioning at_
ogh8:25, thus indicating that Flight 261 did not receive
the advisory transmltted by the approach controller at
0948:32. After receiving no acknowledgment for this ad-
visory, the controller made several unsuccessful attempts
to contact the aircraft. He then alerted the local con-
troller in the tower cab trat radio contact had been lost.
The local controller®s attempts to contact Flight 261 by
radio were also unavailing.

The investigation failed to disclose any vecord of the
pilot of Cessna 150, NB742S, h Vi”ﬁ communicated via radic
with any ground facilicy or with any other aircraft.

_ Post-accident examination_revealed that the communi-
cations squipment at General Mitchell Fisld was operating
satisfactorily.

1.10 Aerodrome and Ground Facilities

Not Involved in this accident.

1.11 ®i=nt Recorders

Flight 261 was equipped with a United Data Control
Model # 542 riight data recorder, 5, N 2202. @ramination
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of the flight record medium disclosed that the airspeed
parameter did not functicn at any time during the £light
while the heading parameter ceased functlonln? apprOX|mafely
14 minutes after lift-off. The vertical acceleration and
altitude parameters functioned throughout the flight.

A data_graph was prepared covering the time_period
from approximately 11 minutes after litt-off until the
2l-minute, 10-second mark, when the aircraft touched down.
A composite of the three functioning _parameters indicates
that Impact occurred at & point in time 13 minutes and 24
seconds after lift-off.

The altitude trace shows that the aircraft was de-
scending_through 3,3/5 feet m.s.1. at the Il-minute mark,
and continued thls descent until reaching apprrximately
2,585 feet at a point 12 minutes and 48 seconds after lift-
off. The aircra t then maintained this altitude for 6
seconds, after which 1t commenced a climb, reachlng 2,700
feet st the 13-minute, 24-second mark. The altitude trace
then droned to 2,500 feet in 2 seconds, after which 1t
rose to 2,7/5 feet in another 3 seconds. The trace then
indicates that the aircraft descended to 2,225 feet in 20
seconds, after which it continued descending in a slightly
erratic manner throughout the remainder of the flight.

The heading trace shows that the indicated magnetic
heading of the aircraft varied from 355° to 358° dquring
the several minutes prior to impact. The heading at impact
was 3560, after which the aircraft veered slightly to the

left to a heading of 353°. The heading parameter ceased
functioning 36 seconds after impact.

The vertical acceleration trace contained only minor
excursions during the several minutes prior to impact.
At the 13-minute, 24-second mark, this trace rose verti-
cally from £ 1.0 g to £ 1.3 g's, then drogped to £ .6 g's
in 3" seconds, after which it rose to £ 1.2 g's in 8
seconds. _Throughout the remainder of_the flight, this
trace indicated erratic excursions which were of a slightly
greater magnitude than those shown during the period prior
to impact.

Flight 261 was also equipped with a United Control
Model V-557 cockpit voice recorder {CVR), S/N 1800. The
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CVR was undamaged in any respect, and the tape was re-
moved and a re-recordin2 prepared therefrom. A trans-
cription was prepared covering the period frcm 094358,
when Flight 201 initially contacted idilwaukee Approach
Control, until the recording ended at 0%948:25.

Apart from the air/ground communications set forth
nereintefcre in the Communications section 7/, the CVR
also recorded the intra-cocknit conversatior. between the
captain and the first officer. This conversetion con-
sisted primarily of a sporadic discussion of extraneous
matters unrclated to ithe operation of the aircraft, which
commenced at 0246:45 and contlnued intermittently during
the remainirg 1 minute and 40 seconds of the racordlng.
At no time duringz this intra-cockpit conversation was any
mention made of the traffic advisories which were being
issued to Flight 261 by Milwaukee Approach cortrol.

Neither a flight data recorder nor. a cockpit voice
recorder was required or installed on the Cessna aircraft.

1.12 ‘wreckare

The force of the impact between the two aircraft
embedded a portion of the Cessna 150 cabin, containing
both cockplt seats and a small auxiliary seat, into the
upper rorward bagsage compartment of the Convair 580. Also
embedded in this same area of the Convair were both main
landing gear struts and the complete right wheel and fender
assembly of the Cessna.

The main part of the Cecsna was thrown free of the
Convair at impact and was recovered from a beet field ap-
proximately 11 miles southwest of General Mitcrell Field.
Portlors of the Cessna wings, fuselage, rm‘pennage, and
erngine were scattered along a north-south line approxi-
mately 2,000 feet lon; and 400 fect wide.

The right side of the Corvair was extensively damaged
from the radome aft to approximately Fuselage Station 210,

7/ The InvestizatIon disclosed that all of the eir-to-ground
transmissions emanating frcm Flight 261 were made by the
captain, with the singsle exception of the report that
the fllght was out of 3,500 feet. This report was made
by the first officer, apparently because the captain wes
talking on the company radio at that time.
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vhich is roughly in line with the propeller planes. The
major part of this area wes crushed inward by impact
forces.. The first officer's windshield, direct vislon
window, and sliding side window were shattered. The area
to the right of the first officer's control column, from
below the floor up to and including the first officer's
console and the rigrt side of his instrument panel, were
crushed inward and severely buckled and distorted. Damage
in this area limited elevator down travel to 2° and displaced
a rudder pulley, causing the rudder control to become slack.
The electrical panel circuit breaker panel and the door to
the upper forward baggage compartment were crushed inward.

There was a series of compression wrinkles on the left
side of the Convair fuselaze between Fuselage Stations 281
and 317. These wrinkles extended from window No. 3
(emergency exit) downward and forward to the floor line
between window No. 1 and window Nn. C, and thence aft and
downward to the fuselage lower ¢ nterline.

The riznt engine and propeller on the Convair were
extensively damaged. The engine air inlet was blocked at
the inlet guide vane area by pieces of metal from the Cessna.
This forel%n material also damaged the compressor first-stage
vanes and blaacs. The enzire reduction gearbox was found
decouBIed from the power section. The propeller spinner
assembly wes damagzed, ana the nose section and island
frontal area were crushed. The four propelier blades
exhibited varying degrees of damage, including gouges,
lacerations, distortion and bending.

The NAV-COM unit was recovered from the wreckage of
the Cessna. It was examined internally and found to be
tuned to 116.4 MH in the NAY tuning section &/ and nearest
to the 112.6 ¥Hz position In the COM tuning section. _The
course selected on the Omni Bearing Indicator wes 332°.

_ Because of an electrical power loss, none of the
radio equipment on the Convatir funciioned subsequent to
impact. he No. 1 and No. 2 VCR receivers were both tuned
to 110.7 MHz, the frequency of the Milwaukee ILS. The
No. 1 VHF CGM was set to 123.8 IMHz (iilwaukee A%proach
Control) while the No. 2 VHF COM wes set to 130.9 iKz.

Examination of the cockpit instrumentation on the
Convair 580 revealed that the barometric pressure setting

8/ 116.4 #Hz is the frequency of the Milwaukee VCR station.
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on the first officer's altimeter was 3¢.10 in. Hg. The
compass card on tke first officer's Radio iagnetic Indi-
cator (RMI) indicated 3559, while the compass card on

the first officer's course director indicated a heading
of 351°  The headins select bug or. the 1atter system was
set to 351°.

The captain's_altimeter indicated a barometric pressure
of 30.12 in. Hg. The compass cards on his RMI and course
director indicated headings of 3%52° and 35%5°, respectively.

Horizontal scratch marks were observed on the trailing
edge of the Cessra left wing near the tiﬁg and near the base
of the Convair windshield center post. he measured angles
between thesc marks and the lonzitudinal axis of each air-
craft were 640 for the Cessna and 22° for the Convair.
Vertical scratch marks and paint smears on the Convair pilot':
forward windshield formed an angle of €° with the vertical
axlis of that aircraft.

1.13 Pire

Neither aircraft exnibited any evidence of fire.

1.14 Survival Aspects

The accident was nonsurvivable insofar as the three
occupants of the Cessna 150 were concerned. The fatal in-
juries sustained by these persons appeared to have resulted
from forcer: applied from tne posterior aspects of the bodies
through the backs of their seats. They were recovered in
their seats, which were facing forwaru in proper sequence,
In the upper forward bagzage compartment on the rignht side
of the Convair.

The bones in the Convair first officer's lower rizht
leg were crushed at impact. His leg i:.jurtes also resulted
In a substantial amourt of bleeding, which he partially
quelled by applying his uniform necktle as a tourniquet.
Damage to the right side of the cockpit caused the first
officer to be trapped IN his seat until assistance was
rendered on the ground following landing. The remainln
11 occupants of the Convalr were uninjured and were abl
to deplane unassisted via the main passenger stairway.

Z
e

Toxicological studies conducted on the three occupants
of the Cessna revealed no evidence of carbon moroxide,
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elevated lactic acid or ethyl alcohol concentrations. The
only trace of _drugs was a therapeutic level of Chlor-Trimeton,
an antihistaminic basic drug, found in the body of one of

the two passengers.

A review of the medical records of the three flight
personnel involved ae_well as the post-mortem examination
of the Cessna pilot, did not reveal any ﬁre—eX|st|ng_d|sease
or incapacitating condition which would have compromised the
safe operation of either aircraft.

1.15 Tests_and Research
Cockpit Visibility study

A cockpit visibility study was conducted by the
Safety Board to determine the physical limitations on
visibility from the flight crew seats in each of the air-
craft Involved in the collislon. As a necessary adjunct
of Such a study, the flightpath of each alrcrgf% was re-
constructed In order to 8etgrm|ne it the physical limi-
tations would hinder the crews in their detection and
observation of the other airplane.

The heading and altitude data for the Convair s80
were taken from the flight recorder readout, while the
airspeed of 190 knots was based on the recollection of_the
first officer and captain. Since comparable sources did
not exist in regard to the Cessna, _its flightpath_ para-
meters were derived from the best informatfon avalfaB?e.
On the basie of known data (heading and speed of the
Convair, plus the angles of the horizontal scratch marks
on each aircraft to their respective longitudinal axes),

a vector diagram was_constructed, which indicated that the
Cessna was on a heading Of 314° ana flying at a speed of
80 "mots at Impact. This diagram _also showed that the
collision angle between the two aircraft was 42°, or 40°

iIf drift from reported winds is included, and the rate of
closure at impact was 143 knots. It was assumed that the
Cessna was flown at a constant altitude prior to impact.

On the basis of the foregoing data, the ground track
for each aircraft was tabulated for the 2-minute period
prior to the collision. (See Attachment 2). The course
of the Convalr during this period remained constant, while
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the Ceesna track _as plotted took into account the headin?
change of that aircraft as observed by the radar controller.
From these 1%round tracks, ranges and b=arings between tih=

two aircraft were calculated or an incremental basis.

These calculations indicated that, at a point 2 minutes

prior to the collision, the range between the two aircraft
was 27,300 feet. The range closed to 14,850 feet at the
1-minute mark, after w:ich the <losurs rates remained steady
at 250 rset/sscond uncil impact. The relative bearing

frgm the Convair to the Cessna increased gradually from

15° to 227, where it remained constant during the flnal
minute. The relative bearing from the Cessna to the Convair
varied from 193° at the 2-minute mark to 244° at the 1l-minute
mark, after which it remained constant until jmpact.

_ _ In order to dstermine the physical limitations to
vision from each cockpit, binocular photographs were taken
of a Cessna 1_?(3 and a Convair 580 by tha Faa's National
Aviatlon Facilities Experimental Center. These photographs
were taken with the camera iens mounted iIn a position corre-
sponding to the normal =ye position OF a pereon sitting iIn

e flight crswmember sesats on each of the two aircraft.
Superimposed on each binocular photograﬁh was the visual
position of the other aircraft during the period prior to
Impact. These positions were based on the bearing and_
inclination of the target from the reference eye position
of the viewing flight crewmember.

The above studies thus indicated whether each air-
craft_had cockpit. window configurations which would have
restricted vision to the point target source of the other
aircraft. From the normal eye position of the Convair
captain, the Cessna would have been partially obsc¢uraed by
the center windshield during_the minyte prior to Impact. %/
With respect to the Convair First officer, the Cessna would
have appeared in the left, middle_portion of his direct
vision window during this final minute. The Convair would
¥ot have anpsared_in any of the Cessna windshield or windows

ron the Cessna pilot™s "normal eye position _during the final
2 minutes. From the Cessna coptlotis _position,_the Convair
would have appeared briefly during this period in the upper
right portion of the rear window of the Cessna.

~~The Cesana target was sSituated with respect to this
post so as to be visible to only the left eye of the
captain.
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As rnoted previously, the paths of the target aircraft
plotted on the windshields were based on fixed eye reference
positione. If the crewmembers had shifted their head po-
sitions, these patkhs would have crhanged. It should also be
noted that the cockpit visitility study does not take into
account any of the other restrictions to visibility such as
haze, smoke, sun glare, or insect smears.

Irsect Informatlion

In order to determine as precisely as possible the
extent of the insect accumulaticn, a detailed examination
was made of the captaint's forward windshield, direct
vision window, and slidirz cide window or. the Convair. 10/
There was an average of 12 insect strikes per square irchk
on the forward windshield, with the zreatest concentration
belnz adlacent to the center post. The average diameter of
the opaque portion of ti-e strike marks was fournd to be ap-
proximately .2%0 to .27% inches. ‘“when the translucent or
lell-like part of the smears was incluied, the average
diameter of each mark increased to about .125 to .25C
inches, resultins in an overall snear coverage of rouzhly
20 percert of the windshield. The number of insect strikes
per ziven area on the direct vision window was only slizhtly
less than that on the ferward windshield. However, thezre
was considerably less irizect body fluid splattered on the
DV window, with the rzsult that tne overall restriction to
visibility caused by the insect smears was not as great as
that which existed on tke forward windshield.

The slidin~ side window exhibited ornly an occasional
insect strike, whick would have had no measurable adverse
effect on ir-flizht visibility.

Irsect remairs scraped from the forward portiors of
the two aircraft viere submitted to the Curavor of Insects
at the “tlwaukee Public useum for examination and indenti-
ficatiorn. Althouzh these remains were finely frazmented,
microscopic examiration indicated ti-at plant lice, plant
hoppers, leaf hoppers, and midzes were amorg tre types of
insects whicr had collided with tie two aircraft ir £lizht.

1o The windshield ang wIzc the fi fficer's si
1, 2 and Wincow r. £h irst o cer'ls side
0? the Cornvair were 100 Sﬁa?tereg {o permit‘a meanirgz-
ful examination Ir tris rezard. Nelther the windshield
nor tire wirdows of the Cessma were recovered.



All of the insects recognizable from among the frag-
mented material belong to groups that are known to occur
and have been collected at the 3,000- to 5,000 foot levels
of altitude. Approximately 180 different species of in-
sects have been collected 1n the air, 5,000 feet above the
ground surface.

The phenomenon of insect swarms at altitude requires
an unusual combination of meteorological and behavioral
conditions. There must be a superabundance of a certain
"buoyant” species of insects, 11/ which are subject to
the same stimuli and which tend to respond In the same
manner (i.e., by concerted aerial activity). _In addition,
there must be present in the area ascend|X§ air currents
or updrafts, capable of lifting the mass of insects to
abnormal altitudes. Although insect swarms at altitude
are difficult to predict, the aforedescribed conditions
necessary to such occurrences are generally most prevalent
during the summer months.

Whenever an insect collides with the windshield of
an aircraCt, the nontransparent, straw-colored exoskeleton
portion of the insect is fragmented and body fluid or In-
sect blood is splattered. Although this fluid is basically
colorless and translucent, its dePosit on a windshield in
substantial quantities creates a frosted-glass or prismatic
effect which can seriously impair and distort visibility.

1.16 Other Pertinent Information

Federal Aviation Requlations

Part 91.67 of the Federal Aviatlon Regulations (FAR)
reads, in pertinent part, as follows:

91.67 Right-of-way rules: except ywater operations

(a) General. When weather conditions permit,
regardless of whether an operation is conducted under
Instrument Flight Rules or Visual Plight Rules, vigi-
lance shall be maintained by each person operating an

1i/ ~Coiitrary to common belief, insects found at altitude
are not "strong flyers,” but generally are wingless
or weak flyin? insects which are relatively buoyant
due to their light weight.
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aircraft so as to see and avoid other aircraft iIn
compliance with this section. When a rule of this
section_gives another aircraft the right of way, he
shall give way to that ailrcraft and may not pass
over, under, or ahead of it, unless well clear.

» » e » +

(¢) Convexging. When aircraft of the same
cat@%ory are converging at approximately the same
altitude (except head-on, or nearly so)” the aircraft
to the other”s right has the right of way.

» » + * *

(e) Overtaking. Each aircraft that is being
overtaken hes the right of way and each pilot of an
overtaking aircraft shall alter course to the right
to pass well clear.

Alr Traffic Control Procedures

The FAA handbook which prescribes alr traffic con-
trol procedures for personnel providing terminal air traffic
control services_contains the following instructions per-
taining to traffic advisories: 12

315, Application

Apply merging target procedures to all radar-
identiried scheduled air carrier aircraft in all
airspace environments except whille they are in a
holding pattern.

816. Traffic Information

_Issue radar traffic information to the aircraft
when i1ts target is likely to merge with another air-
craft target unless the traffic 10 known to be sepa-

rated by more than the minimum approved vertical
separation.

“rerminal Air Traffic Control, 7110.3, October 1, [557;
Section 17, Merging Target Procedures.
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217. Avoldance Vectors

~a. |If the pilot requests and as ar. additional
service, vector his aircraft to avoid merging witi, tne
target of previcusly lssued tra®flc so thaet trhe targets
do not touch.

t. If unatle to vector, irnforz tie pilot.

arother section of the handocox provides that tihe pro-
vicion Of additioral services (Suck as avoidance vectors,
IS not mandatory, vut rather is witiln the complete dils-
crevion Of the controller as te whether he believes he is
In a position to provide them. 12,

2. AVALYSIS AL CUNCLUSILNS
2.1 Analysis

This was esseritially ar operaticnal accldent., and the
search for the causal factors was concentrated ir that phase
of the investigation. rrom an analytical point of view, the
basic elcmcnts significant to tre collision were (1) the
operaticn of the Cessna, (2; tke operation of tke Convair,
and (3) the actiors of iilwaukee Approacr Control.

Cperatior of the Cessns

On the basis of the avallaltle evidence, It appears
that the operatior 0f the Cessna 15C was carried out in
accordance with existir.; ¥aA rezulations governing the
conduct of a VFR flizht from f)oint to point. Since the
flizht wes teinz conducted below a level 3,00 feet above
the surface, there was no requirement that trhe Cessna be
flown at a particular altitude or 0S a particular heading. 14/
Furthermore, there is no reguirement that; a pilot conducting
a eross-country flight under VFR conditlons either file a
flight plan or make radio contact before or during the flight
with any Faa facility.

The only aspect of tke Cessna operation to which any
degree of uncertainty mIght be ascribed is whether its
flight, particularly in the later stages, was in Tact con-
ducted under VFR conditions. Since there apparently were

137 Chapter 5, Section 15, Note 775.
14/ See section 91.109 of the FAR.
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no clouds of any magnitude along the final portion of
the Cessna flightpath, the foregoing question may be
further reduced to whether the orwarg horizgntal in-
flight visibility in the collision area wes 3 miles or
more.

The ground visibility at Mitchell Field, which is
about 11-1/2 miles northeast of the collision point, weas
observed to be 3 miles at 0920, 4 miles at 0949, and 6
miles at 0955, With respect to in-flight visibility, the
additlonal crewmember seated in the passenger compartment
stated that the horizontal visihility out of the right-hand
side of the Convair wes about 3 miles when he looked out
the window immedlately after the collision. [In addition,
the captain estimated the visibility out the left side of
the Convair was ebcut 2 miles, based on the distance at
which he sighted Wind Lake. However, the captain also
testified that he saw Muskego Lake as well as Wind Lake
when he wes looking for traffic subsequent to the advisory
issued at OG46:24. Based on an indicated airspeed of 192
knots, the time between that advisory and the collision,
and the fact that the collision point waes about 1 mile east
of Wind Lake and 2 miles south of iuskego Lake, it would
appear that the slant range visibility toward the north-
northwest wes 5 to 6 miles. Furthermore, i1t would be
expected that the visibility out the left side of the Convair
would be greater than the visibility out the right side,
since the latter would be reduced by sun glare. Finally,

a small plane pilot flying in an area 4 miles southwest of
Mitchell Field shortly after the accident at an altitude of
2,000 feet estimated the visibility was 5 to 6 miles.

One of the reported restrictions to visibility at
Mitchell Field was smoke, the source of which was the power -
plants to the northeast and southeast of the field. However,
since the surface winds from the northeast were light and
the winds aloft were stronger and generally from the west,
the visibility would havo improved to the west and southwest

of the airport.

From the foregoing, it appears that the flight visi-
bility in the collision area, particularly forward &along
the Cessnats flightpath, was at least 3 miles and probably
closer to 5 miles. Furthermore, there was nothing in the
pertinent weather reports which would have caused a pilot
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to conclude that conditions were below VFR minimums. Although
Milwaukee wes reporting 2-1/2 miles visibility when the Cessna
departed Chicago, the forecarst called for VFR conditions rfter
0900. In addition, 1f the pi.zt had tuned in the ATIS biocad-
cast from Milwaukee at any time subsequent to 092C, he would
have learned that the visibility was 3 miles. In this con-
nection, it should be note? that, although the Cessna's radio
was tuned to the VPR statlon at the tine of the collision, it
13 possible that the pilot previously was listening on the

ILS frequency over which the ATIS reports are broadcast. He
was familiar with obtaining weather information while airborne
from previous cross-country flights, and had in his possession
charts from which ha likely could have obtained the Milwaukee.
ATIS frequency.

The available evidence also indicates that the Cessna
was tracking inbound to the Milwaukee VOR station at the
time of the collision. The navigation receiver in the
aircraft was set on the Milwaukee VOR frequency and the
course selected on the Omni Bearing Indicator waes 3320,
which would have been the approximate intound course to
the station. Furthermore, the heading change from north
toward a northwest course, observed by the radar controller
shortly before the collision, could be taken as an indication
that the Cessna pilot had been navigating along Victor Alr-
nay 479, had dri?ted to the right of the centerline of that
airway, perhaps by overshooting Wind Lake Intersection,
and then corrected his heading back to the left. In any
event, it appears that 1¢ was the intent of the Cessna pilot
to circumnavigate the tiilwaukee terminal area to the west
vefore proceeding directly to Sheboygan.

During the period preceding the collision, 1t is
likely that the attention of the Cessna pilot would have
been primarily focused forward in the difection of his

flightpath. Even if the pilot visually cleared” the area

- %o his left prior to commencing his north—-to-northwest
“heading change, he would not be expected to continue his

- scan back to the 7 o'clock position, which would have been
relative location of the Convair. In any event, the
cockpit visibility study demonstrates that, during the final
-2 minutes of flight, the Convair would at no time have ap=-
peared IN the clear glass area from the pilot's seat of the
Ceasna, and would have appeared only briefly in the rear
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window of the Cessna from the <opilotl!s seat. Accordingly,
the Board concludes that 1t would have been physically _
impossible for the Cessna pilot, and only rzmotely possible
for the person sitting in the ¢opilotis seat, to ﬁave dz-
tected the Convair visually prior to the coliision.

Qpsration OF the Convair

Since the Convalr was overtaking the Csssna from the
rear, as well as converging rrom the left, the applicable
regiulations specify on two separate counts that_the Cessna
had the right-of-way while the Convair was required to give
Way, notW|thstand|n9 the_fact that the Convair was being
operated under an IFR flight plan. However, these rules
only apply "«nen weather conditions permit" the crew ope-
rating an_aircraft to "see and avoid' the other plane. _Thus,
the question is whether the Convair flightcrew, taking into
consideration all of ths various restrictions to visibility
which existed at that time, should have been able to detect
the Cessna visually i1n sufficient time to take evasive action.

The Convair flightcrew was alerted to the presence of
another aircraft through the provision of three radar
traffic advisorizy representing the target of the Cessna
during the 2-minute period prior to the collision. There
is_no reason to deudt the accuracy of these advisories
which described a target ahead and slightly to the right
of the Convair tracking northbound, and then north-northwest
bound as the range decreased from 4 miles to 1-1/2 miles,
Since each of the three advisories was %lvgn in conjunction
with a second target which was eastbound, It is go;;ibl?
that the Convalr Crew may have experienced some difficulty
in visualizing the track of the Cessna (i.s,, that it was
Tlying a course parallel to that of the Convair, and then
turned toward the Convalr track). However, the Convair
crew Stated that thsy received and underctood all of the
advisories, including the "north-northwest bound” peortion
of the third advisory.

Tne Convair pilots also stated that they searched
intently In the areas indicated by the advisories but were
unahle to detect the Cessna until the collision was un-
avoidable. The cockpit workload during the pesriod praceding
the collision was not inordinately heavy. Melther of the



1lots was engaged in any duties connected with checklists.
he captain was handling the communicationb with the cqn-
troller, which primarily concerned the traffic advisories,
but there was no r«asor”why he could not_have continued _
his scan even while transnitting or receiving on the radio.

The First officer, who was operating the flight con-
trols, stated that he Interspersed his scan outside the
cockpit with zlancss at the instruments to assure that he
wzs maintaining the proper speed, heading, and rate of
descent. Since the Tirst officer was relatively new both
to the aircraft and to the carrier, It would be expected
that he might tend to devote a disproportionate amount of
nig attention inside the cockpit to zssure that the approach
was accomplished in an exemplary manner. On the other hand,
the fact that he allowed the aircraft to climb back to 2,7¢y
feet after leveling off Just below the clearance altitude of
2,800 Teet, as well _as being 69 off hls_aSS|gned_head|n%,
Indicates that, during the period immediately prior to the
Collision, his attention might have been focused away fror
the instrument pinsl, perhaps outside the aircraft. "1t _
should also be noted that the first officer had no conscious
recollection_of leveling off, but rather believed the air-
craft was still in a descent when the collision occurred.

_ The extraneous conversation_carried on_in ihs cockpit
prior to impact may have had a distracting influence
on the pilats! outaide vigilance. Moreover, there was
no mention during this conversation of the pilots! success
or failure to sight the reported traffic, which might be
conetrued as a reflection of a lack of effort in that_regard.
On the other hand, both pilots testified that they maintained
a diligent outside scan during this period, and their testimony
In this regard is compatible with the jumpled and _intermittent
namrg of the conversation reflected by the cockpit voice
recorder .

With respect to the physical limitations imposed
the _cockpit structure, the visivility study indicates that,
during the 1-slnute period prior to impact, the target of
the Cessna would have_appeared, With reference to the Convair
¢aptasn, in that portion of the pilotts front windshield which,
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because of tihe relative position of the tarzet and the
center post, is only visible to the left eye. With
reference to the Corvair's first officer, the Crssna

tarzet would have appeared in his direct vision wincow

ncar the post separating it from the front windshield.
However, thls study was based purely on the reference-eye
position of each of the two c¢rewmembers'! scats and thus,

if a pilot moved his head, the location of the target in
the windshield would also shift. In thls connection, the
fact that the aircraft climbed 100 feet above the clearance
altitude during the 3C seconds prior to collision might be
an indication that the first officer was unconsciously
applyin:; back pressure on the yoke as a result of leaning
forward to the alert position to scan for the reported
traffic. In the alert position, the first officer's line
of sight to the point targzet source would have been partially
obscured ty the post between the forward windshield ana his
direct vision window.

In attempting to determine the capability of the Convalr
crew to detect the Cessna, another factor which must be con-
sidered is tne size of detail that the eye is capable of
resolving. This is measured by determining the smallest
visual angzle subtended by the viewed object, expressed In
minutes of arc, that can be resolved. According to a recent
study,dlg/ the provabllity of detection for targets which
subtend a visual angle in excess of 1.4 minutes of arc is
100 percent in clear visibility. BRBased on a target width
of 20 feet, 16, the Crssna would have subtended an angle of
6 minutes at a point in tlme 1 minute before the collision,
an angle of 10 minutes at 3C seconds prior to the collision,
and an angle of 20 minutes at 1% seconds before impact.

The calculations indicate that, under ideal visibility con-
ditions, the limits of target detection were well within
the probability range, even as early as 1 minute prior to
impact .

Even though tre evidence indicates that the Cessna
would have appeared ir the clear glass area of the Convair

I5, Collision Avoidance Study, i.ay 22, 19667, Lockheed
California Company, burvank, California.

16, As viewea from the Convair, the Cessn]g would have
presented a profile approximately 20 feet wide.



- 29 -

windshield as a tarzet of sufficlent size to be resolved

by the eye, there were a number of factors which would

have substantlally impaired tte capability of the Convair
crew to detect the smaller alrcraft. 7The conspicuity OfF a
target depends not only on its size but also on its color,
relative motlon, and brightness contrast. The Cessra was
pre lominately white with a lesser surface area painted red,
a color scheme whiclr. 1s rated low on the scale of conspicuity.
In regard to relat.ve motion, the bearing of the Cessna from
the Convalr chanzed only 7° between 2 minutes ana 1 minute
prior to Impact, zna remained constant durirg the final
minute. In additicn, the brightness contrast between the
Cessna and track:zround against which 1t wes viewed would

have becn considerably diminished by the atmospheric con-
ditione described below.

The detectability of a tarzet is also affected by the
characterlstlcs of the atmosphere through which the target
is viewed, in that arny contamination of the atmosphere would
make the tarzet more difficult to detect. iIn the area of
tre collision, such cortamiration wes present ir the form
of both haze and smoke. The visibility restricticn caused
by these contaminants was heizhtened, with respect to a
viewer looking to the rigsht of the Conivairts nose, b?: the
glare or halo effect produced by the reflection of the sun
off the individual particles of smoke and moisture.

The most siznificant restriction to vi-inility from
the Convair cockpit wes the unusually dense concentratton
of insect smears on the forward windshield ana direct vision
windows. Although the Windshield and window on tre first
officer's side were destroyed, and trus not avallatle for
inspection, it is reasonable to assume that the same degree
of smear concentration existed on his side as that described
hereinbefore with respect to tre captain's gjqge. 17/

The fact that tre insect deposits were the most densely
concentrated near the windshield center post, whkere they
constituted an almost complete obstruction to vision, is of
particular significance because that was the area of the
windshield in which the Cessna tarzet would have appeared
to the Convair captain, even if he had leaned ferward to
. the alert position to scar. for tte reported traffic. |If
the point tarzet source of the Cessna would have been

17, See Wests and nmecearch section.
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obstructed by either the opsgue or translucent portion of
Ore of the insect deposits, it would have been almost
impossible to have dztected the Cessna.

Apart from the obstruction effect, the insect smears
would also have made it extremely difficult for the eyes
Of the Convair pilots to focus on a distant object such
as the Cessna. £ven though a concerted effort was made
to searcr visually beyond the wirdshield, the eyes Of tre
pilots weulc have ternced to focus on the insect smears as
the only discernible objects in view. For example, a horl-
zontal scar. by the first officer across the front wirdshleld
and direct vislon wircow would have brougrt his eyes ir. con-
tact with roughly 8C insect smears, while a vertical scar!
would have encountered about 26 smears. Accordingly, even
if the Cessna target nad appeared in an area not obstructed
by an insect deposit, its lack of relative motfor, coupled
wit)?the eye fixaticn on the smears, would have made it
difficult to distinguish.

In view of the forepoing, trhe Board corcludes that
the combined effect of the various limitations on the
visual detection caparilitles of the Corvair flightcrew
-- namely, smoke, haze, sun Glare, the inconspicuous color
and lack of relative motion of the Cessna, and the heavy
accumulation of insect smears on the Convair windshield
and windows == would have made it gifficult for them to
have sigrntead the Cessna in sufficlent time to take evasive
action.  Althougzh visual detection in time to avoid the
collision would have been possible, but not probable, it
. 1g further concludeu that the Convair crew's inability to
do so was aore a product of the above limitations than of
a lack of vigilance on their part,

The substantial restrictions to forward visiblility

. previously discussed raise the further question Of whether
the Convair crew, under all tre circumstances, should have
requested an avoidance vector around the traffic described
in the radar acdvisories. Normally, if a flightcrew is un-
able to effect visual contact with reported traffic urder
WR conditiorns, they can reasonably assume that the other
aircraft is at a different altitude. |In this instarce,
however, the Convair errw apparently believed that their
forward visibility was SO reduced as to render thelr
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detection efforts almost completely ineffectual. 18/ At
the same time, they should have been awar _t,%a,t f,.e re-
ported traff'ic could have been a VFR no- flight-plan air-
craft operating legally at their altitude in view of the
known facts that (1) the ATIS was btroadecauting a visibility
at Milwaukee of 3 miles, and (2) the traffic was "slow
moving." It could therefore be urged that the Convair

crew should have sought the assistance of the radar con-

troller in avoiding such traffic.

The Convair crew apparently believed that the c¢circum-
stances did_not warrant a request for an avoidance vector.
Since the first two advisories regarding the Cessna de-
scribed a target to the right of the Convair on a north-
bound heading, compared to the assigned 350° heading of
the Convair, the crew might have believed adequate course
separation wes present. However, a target described as
"northbound" could be on a headsng anywhere from 348-1/29
to 011-1/2°, This has particular significance since the
Convair in fact was on a heading of 356°. Accordingly, a
converging course situation could have existed.

In any event, the convergent nature of the track of
the reﬁorted target should have become clearly apparent
from the third advisory, when thre heidin? of this target
shifted from north to north-northvest. Indeed, the pilots
stated that they became particularly concerned at this
point. The pilots might have believed that, In view of the
range of the traffic described in the third advisory
(2-1/2 miles), there wes insufficient time within which
to request, receive, and effectuate an avoidance vector.
This advisory was transmitted commencing 50 seccnds prior
to impact, and acxknowledged by Flight 261 43 seconds before
the collision. Even aIIo_wm? for a period of 5 to 10 seconds
of unsuccessfully searching for the target prior to making
the request, it appears there would have been sufficient
time remaining for an effective avoidance vector. Since
the controller had been observing both targets for several
minutes, and because he rad a relatively light worklgad,
it would have taken him only a minimum of time to ca?culate
the direction change on the part of the Convair necessary
to avoid a merger of these targets. Once this change wes
transmitted to the Convair, it would have taken only a matter

18/  Ihe convair crew variously described the forward visi-
bility as "practicelly nil,” "almost useless,"” "we can

hardly see out of here,” and "95 percent” and "6 or /
times" less than side visibility.
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Of seconds for the crew to react ard initiate the change,
and for the movement of alrcraft ccntrols to take effect.

It should also be mentioned, rowever, that the con-
troller does not recall =wrat happerned to the Cessnha target
after it macz the turn toward the rorth-nortihwest., As dls-
cussed hereinafter, primary tarzet loss due to tangentlal
effect misht have occurred. if this In fact happered, and
the Cessrna target had rno lornger been visible on the radar-
scope when an avolcance vector were requested, tle controller
mmnﬂd have been extremely hesitant about providing the
vector.

Cn tre basis of the forezoin:, 2rd from the vantage
point of hindsizht, the Board conciudes that if the Convair
crew had requested an avcidance vector shortly after re-
ceiving the thirg advisory, and 17 tre Cessra target wes
still on the radarscope when the vector regquest Wes madc
to the controller, an avoidance vector could probably have
beﬁq_igsued and effectuated in sufficient tine to avoid the
collision.

The Board is aware trat tie Convair crew's not re-
questing an avoidance vector ir, this instance 1s indicative
of the attitude of airlire pilots ir general toward such
vectors. Avoidance vectors have fallen into a state of
almost conpletc disuse, as eviaenced by reports from both
pilots and controllers tnhat requests for suci: vectors are
becominz increasingly rars. The pilots apparently believe
that avoidance vectors have a greater potentlal for harm
than for goecd. It is pointed out, for example, that de-
viation from ar. assizned course to avoid traffic wnich is
probably at a different altitude in the first place nay
bring the vectored aircraft into coenflict with other un-
known traffic. Furthermore, an avoidance vector is only
effective if the reported traffic maintains iIts course,
whereas 1t is possible tnat such traffic could so alter
its course as to vecome convergent with the new course of
the vectored aircraft.

The pilot's attitudz on this aatter 1S understandable
to a large degrece, and tre Zoard recognizes that in many
situations avoidance vectors are impractical. Thus, when
making an approach in an area which 1S even moderately
congested, avoidance vectors woulu result in a continuous
exercise In "dodzing", which would protably gain the flight
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1ittle in terms of effective traffic avoidarce. ilore-
over, the limitations of radar equipment of'tertimes make
it difficult for 2 controller to track the primary tar-
set of a 1iznt aircraft witk the degree of precisior
necessary to allow him to provide an effective vector
around it.

tNonetheless, the Board believes that there are situ-
ations, albeit occasioral, :in wnick an avoidance vector
could be both safe and effective. For example, in a
situation where conditions are reported to ge VFR yet
visual detection capavilitics ore limited, where there
is no other conflicting traffic, ard where tte range of
the converzing traffic is sufficient to allow adequate
time for an effective vector == when all of these ¢ircum-
stances are present, a request for a vector might be
appropriate as the last available means of preventirz a
midair collisionn. The Zoard recognizes ti-.at the pilot
must reach a decision on this question on the tasis of
only a few secords!' consideration of a nunbver of factors.
However, if he has an open ming on ti.e matter and is
thoroughly familiar with all of the facets, both pro and
con, of avoidance vectors, he Will te in the best position
possible to make a sound decision.

Again in retrospect, there were other actions, apart
from requesting a vector, which the Convair crew might
have taken to enhance their chances of detecting and/or
avoldinz the reported traffic. For example, gentle "S"
turns would have imparted a relative motion to the Cessna
tarzet as it appeared in the Convair windshield, thus
making it more readily detectable. A sligrt turn to the
left might also have enabled the first officer to view
the area of reported traffic throuzh the side window which
was almost completely free cf insect smears. Although such
turns would have constituted a minor deviaticn from an ATC
clearance, they most IikeQ/ would have been Justified as
an "emergency" measure under the applicable regulations. g,

Mtlwaukee Approach Control

The investigation disclosed that the Milwaukee
Approach Control radar controller hardling Flight 261
acted in compliance with his prescribed duties. The
vector and altitude clearance proviced to the flight,

18/ Section 91./5 of the FAR
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following the hand-off Prom Chicago Center, were con-
sistent with the normal means of guiding air carrier
aircraft on an IFR flight plan toward an 1L& approach
to Runway 7R, the active runway at Mitchell Field.

In accordance with applicable procedures, the con-
troller Issued to Flight 261 traffic information con-
cerning all targets of unkncwn altitude which were likely
to merge with the target of the Convair, as well as tar-
gets which were @n close proximity to it. It should be
emphasized that radar controllers are required to provide
avoidance vectors around unknown targets only at the re-
quest of the pilot, and even tren onif%/ if the controller,
witaln his discration, believes that he is in a position
to prcvide the vector. In this instance, there was no
request for a vector.

The circumstances surrounding this accident could
be taken as providing good cause to doubt the advisa-
bility of a system whereby the pilot, rather than the
radar controller, has the responsibility for initiating
the avoidance vector process. Placing the burden on the
controller to issue such a vector without. requiring a
request therefor from the pilot, however, has been tested
in the past and found unworkable. In 1966, following a
requtst from the Air Line Pilots Association (ALPA), and
In coordination with the Air Transport Association (ATA),
the FAA initiated a month-long evaluation of its capability
to provide a_slo_ecial radar service designed to prevent
merging of airline f|l?h_t radar blips with. those of other
radar targets unless altitude separation existed. Basi-
cally, tht program called for avoidance vectoring, unless
the pilot requested not to be vectcred (i.e., the avoidance
steers were provided as a service rather than as mandatory
|nstruct|ons§.

During the test period, many of the pilots given
avoidance steers either preferred not to follow them or
requested that none be issued. Of particular concern
were the instances where pilots did not comply with
vectors provided for IPA separation bteczuse they hLad
mistaken them for avoidance steers issued as part of the
test program. In view of the foregoing, the trial proce-
dure Was abandoned, again iIn coordination with ALPA and
ATA, and the system eventually evolved to that in effect
at the present time.

In light of the above experience, and until altltucde
information in regard to unknown traffic becomes a known
factor, the Ecard believes the procedures currently in
effect represent the most practical approach to the avoidance

vector process.
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The apparent disappearance of the Cessna target
frox trhe radar scope follcwing its turn toward the
nortk-northwest probably resulted from the tangential
effcoct deoseribed herelntz2fore in the Aids to Navigation
section. The headinz ten-ential to tre radar antenra 1irn
the collision area is 3z3%, wnick s tetween the north-
northwest heading last observed vy the controller and
tre 3140 headinrg which the Cessra was calculated to have
been on at the time of impact. Zven if the Cessna passed
throuch the area of tanzential effect prior to the col-
listor, its reappearinz tarzet mi-ht have been so close
to the Convalr tarset as to have been indistirguishable.
To place the phencmeron OF tangertial effect in proper
perspective, it should te roted that this problem is not
unusual wut rather is a radar equipnent limitation with
which coritrollers are fam!liar and for which they usually
can comper.sate. ror example, if the controller is working
an aircraft whicr becomes tanzential, he can eitker change
its headinz or move the TI gate control in.

The traffic which was given to Flight 261 7 seconds
after the collision, and which was otserved t0 merze with
the Convalr shortly thereafter, obviously could not have
been the Cessna. Ratrer, this tarset, which a ground
witness also observed flyirg In the area of the collision
shortly after impact, represented a separate aircraft
which was never identified.

Finally, the disappearance of the secondary target
of tre Convair from the radarscope shortly after the col-
lision is traceable to tre captain's placing the electrical
system on emerzency == an actiorn which would have de-
energized the transponder.

2.2 Conclusiors

(a) Eindings

1. Goth aircraft were properly certificated and
in an airworthy condition.

2. Both fIi(I:;_ht_crews were properly certificated
and qualified to conduct their respective
flizhts.

3. There is no evidence of any failure or mal-
function of either alrcraft or any componert
thereof prior to the collision.
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The Cessna was cperating or. a vFR flight
Without a flizht plan ard none was required.

The Cessna piiot wes not in radio contact
with any FAA facility ard no such contact
was required.

The available evidence indicates that the
Cessna was tracklrg inbound toward the
Milwaukee VCR station along Victor Alrway 47S.

The Convair was in radio and radar contact
with {illwaukee Approach Control, which had
cleared the flizht to descend to 2,600 feet

on a vector heading of 350° for an intercept
with the ILS localizer course serving Runway R
at General ¥itchell Field.

The radar controller provided the Convair with
three traffic advisories corcerning the Cessna,
which consecutively described the tarszet as
"twelve thirty, four miles, northbound, slow
moving" (2 minutes before impact;, then "one
o'clock, three miles, northrbound" (83 seconds
before impact?, and finally "one o'clock, a
mile and a half, north-northwest bound"

(50 seconds before impact).

The Convair flightcrew acknowledzed and under-
stood the traffic adviscories, but were unable
to detect the Cessna visually until it was too
late to take evasive action.

VFR conditions prevailed in the area of the
collision; there were no clouds which ob-
structed visibility between the two aircraft,
but fli%ht visibility was reduced to approxi-
mately 3 to 5 miles due to smoke, haze, and
sun glare.

There was a heavy accumulation of insect
smears (approximately 22 per square inch) on
the front wirdshielda and direct vision windows
of the Corvair.
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During the minute prior to the collision,
the relative bearing from the Convair to
the Cessna was 022°, while the relative
bearin% from the Cessna to the Convair
was 2440,

From the reference-eye position of the Convair
captain, the target of the Cessna would have
appeared in the pilot's front windshield,
pavtially obstructed by the center post; from
the reference-eye position of the first officer,
i1t would have appeared in his direct vision
window.

The target of the Convalr would not have ap-
peared In any clear glass area from the pilot's
seat of the Cessna, and would have appeared
only briefly in the rear window from the co-
pilot's seat.

At impact. the Convalr was on a heading of

356° and the Cessna was on a heading of 314°,
thus forming a convergence angle of 42°,

The indicated airspeed of the Convair was
%pprommately 190 knots, while that of the

essna was calculated to be & knots. The
rate of closure between the two aircraft was
143 imots,

The collision occurred at an altitude of 2,700
feet, with both aircraft basically in a straight
and level attitude.

Neither aircraft attempted any evasive maneuver
prior to the collision.

There was no wa¢ the Cesana pilot could have
been warned of the fact that his intended ]
flightpath would intersect that of the Convair.

As the aircraft being overtaken from the left,
the Cessna had the right of way; accordingly,
the Convair was required to give way by Sséeing
and avoiding the Cessna, weather conditione
permitting.
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21. The inability of the Convair crew to_sight
the Cessna in time to avoid the collision
was more a product_of the substantial 1imi-
tations on their visual detection capabilities
than lack of outside vigilance.

2. In view of the situation confronting the
Convair crew, they should have requested a
radar avoidance vector.

(b) Probable Cayse

i _ The Board determines that the probable cause of
this accident was the inability of the Convair 580 flight-
crew to detect the Cessna 150 visually in sufficient time
to take evasive action, despite having _been provided with
three radar traffic advisories concerning the latter air-
craft. Visual detection capabilities were substantiall
reduced by the heavy accumulation of insect smears on the.
forward windshield and direct vision windows of the Convair.
Visibility was further reduced by haze, smoke and sun glare,
and by the inconspicuous color and lack of relative motion
of the Cessna. Under these circumstances, the crew of the
Convair should have requested a radar avoidance vector.

3. RECOMMENDATJONS AND CORRECTIVE MEASURES

_The subject accident is part of the general midair
collision problem which is becoming of increased concern
to_the Safety Board as well as to all members of the_
aviation community. An in-depth study of the dimensions
of this problem has recently been completed by the Board,
and a report will be published in the near future outlining
tne relevant factors and causal areas. Included in this
report will_be_a series_of recommendations designed to
lower the midair collision accident rate.

A number of theee accidents in recent years have
involved a collision In a terminal area between an air
carrier aircraft, on an IFR flight plan, and a general
aviation aircraft, operating under VFR without a flight_
plan. These circumstances are evident again in the sSubject
accident, and the recommendations set forth below are
?!r@cted at preventing a recurrence of this type of col-

ision.
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The_control _service and traffic separation provided
the Air Traffic Controi system currently in effect are
almogt wholly predicated upon "known"™ traffic. Accordingly,
when unknown™ traffic is mixed with known traffic, as frz-
guently occurs in terminal areas, AT¢ cannot assure an _ _
appropriate level of safety. Even when the unknown traffic
is observed on radar, its altitude Is unknown, and therefore
separation in the final analysis falls back on visual de-
tection, which in this instance proved to be inadequate.

It therefore follows that separation of "known' and
"unknown" traffic operations, to the broadest extent practi-
cable, is desirable from a safety viewpoint. One possible
solution would be the designation of larger segments of
the navigable alrSﬁace as positive control areas to include
terminal areas. This would require, however, that both the
pilot? and their aircraft operating in such aress mect
certain standards in terms of qualirications and equipment.
We recognize that such a measure would have an adverse impact
on many of the airspace users for a variety of reasons,
not the least of which would be economic.

With specific reference to the Milwaukee terminal
area, the mix of unknown and known traffic could be re-
duced by a restructuring of Victor Airway 479. This air-
way, along which both of the aircraft involved in ths col-
lision were or had been navigating, is the first overland
airway west of the Lake Michigan shoreline. For pilots who
are _adverse to over-water flights because of equipment_
limitations or other reasons, V 479 is the most convenient
means of navigation for north and south bound Flights between
Chicago, on the one hand, and #llwaukz2 and points north of
Milwaukee, on the other hand.

Complicating this situation is the fact that V 4/9
crosses the transition area for the approach to Runway 7R
at General Mitchell Field in such a manner that an aircraft,
navigating_on the ailrway_becomes tangential to the radar
at that point. In addition, flight training involving
small aircraft is generally conducted in the quadrant
southwest of the field. The final outcome is that an air
carrier aircraft making an approach to Runway 7r must fly
through an area containing a substantial amount of unknown
traffic, some of whose prim radar targets may be lost
dus to tangential effect. This situation not only aggravates
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the radar controller's scparation problems, but also
increases the workload of alr carrier pilots who must
depend on the "seec arnd be seen" coricept.

In view of the forezolnz, the Board recommends that
the ¥aA take under consideration the relocation_to the
west oF V 47% between ¢RK (Northtrook) and KKE INn the
manner depicted on Attactment 1. we believe trat such a
measure would enhance traffic separation in a eritical ap-
proach area without urduly dlsruptin; the safe and orderly
flow of traffic navizating or. that alrway.

"Zee and be Seen" Corcept

In view of the incapatility of the alr traffic con-
trol svstem to provide posltive separatior between alil
aircraft at all times, and urtll some system with trat
capability is put into effect, the "see and be seen" con-
cept will remain the basic means of colllsior avoidarce.
Notwlthstandir; the substantial limitations of thls con-
cept, many of Wwhich were factors in the subject accldent,
the Eoard urges, as it has repeatedly, that all users of
the airspace make every effort to achieve the maximum
benefit from visual detection. No less than constant
vigilance on the part of both pilots and controllers is
required, particularly In terminal areas where there is
apt to be a mixture of large high-speed aircraft and small,
relatively low-speed, aircraft. kt the same time, the 2oard
recognizes the difficult burden placed on airline crews of
balancing such outside vizilance with the frequent, but
necessary, diversion of their attention to cockplt duties,
such as assuring maintenance of proper altitudes.

The Beoard notes with some concern that, in the majority
of recent collisions involving an air carrier, the larze air-
craft was veing flown by a reratively inexperienced first
officer while the small aircraft was converging from the
right. In view of the natural tendency of a pilot in suck
circumstances to become somewhat preocccpied Wlth cperating
the aircraft, maximum outside vigilance may have been compro-
mised. While on-line training and a safe level of outside
vizilance are not incompatible, the Eoard urges that in
such situations, and particularly when traffic advisories
have been received, both pilots coordirate their efforts
to assure that the desigrated areas are thorouzhly scanned.
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Finally, and as an extension of our comments in the
Analysis section, the Zoard recommends that air carriers
emphasize, both durinz tr-ining aHd ogeratiors, thg entire
spectrum Of situations ir »..'ck the uSe of an avoidance
vector would be advicable. It is only throupgh trhe Judicious
utilization of such vectors, based on a therouzk under-
standing of their advantazes and disadvantazes, that the
"see and be se~n" concept; can be supplemnented to the fullest
extert by brinzinz into play, wren appropriate, tke last
available means Of collision avoidance.

Windsrield Cleaninrz

The insect accumuiation whick was such a sutstantial
factor in this accident was both unpreventabtle ard un-
correctable, corsidering avallallc equlpueent and procedures.
Following departure from Chicago with a clean windshield,
the Convair wes not equipped with any mcans of preventing
the irsect accunulation OF, orce It occurred, of removing
the smears. Althouzh tre aircraft was equipped with a
liquid rain repellert which can be discrargsed orito the
windshield, its use would or.ly have served to aggravate
the problem.

The Board recozrizes that the irseci protlem en-
countered on thls flight may represent only an isolated
occurrence. Indeed, the investization disclosed tkat there
Is a dearth of evidence on the dimensicrs of thiis particular
hazard. 4ccordingly, the first step whick should te taken
is a coaprehensivs survey by air carriers of their pilots
with a view toward defining the extent of t¢re problem. If
a problem of sizable proportions is [fourd to exist, then
specific remedial measures can be explored.

The first point which should be stressed is the
importance of having a clean windshield at the commence-
ment Of a flight. 1t is therefore recommended trat in-
apection forms include a windshield cleaning requirement
at all maintenance stations as well as a mandatory cleaning
and sign-off of any dirty windshield complairt mace ty a
flishtcrew.

Wilth respect to in-f1izat measures, one device which
might be studied would be a deflector located forward of
the wirdshield which would deflect the airflow cortaining
the irsects away from the windshield. A aore practical
system, particularly since 1% could be utilized sutsequent
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to the insect strikes, would involve in-flight window
washing. The Board is aware that one air carrier is
conducting experiments to develop a rain repellent
chemical that also has detergent or cleaning qualities
for use in the present rain repellent systems. Another
system which might, be adaptable for use on other aircraft
IS the windshield washer being installed on the B-747.

On the other hand, while built-in washing nystens may
prove to be extremely useful during flight, we are not con-
vinced that they would provide a completely adequate
substitute for manual windshield cleaning on the ground.

Collision Avoidance Systems

During the course of the investigation, the Board
was brought up to date on the activities of the Collision
Prevention Advisory Group (COPAG), which is comprised of
representatives from Government agencies and civil aviation
associations 20/ and whose primary concern is with airborne
s¥stems designed to prevent midair collisions. The efforts
Oof COPAG are primarily concentrated in three areas:

(1) conspicuity enhancement (generally through
exterior paint and lighting), 32) Pilot 'darning
Instruments (PWI), and (3) Collision Avoidance
Systems (CAS) .

PWI is an instrument whose function is to warn a
pilot of the proximity of another aircraft and provide him
with suitable informdtion to assist him in evaluating a
collision threat. CAS is more comprehensive in that it
performs all of the necessary functions, such that its
output is a signal indicating an appropriate avoidance
maneuver at a suitable time. Pwi is self-contained, while
CAS is a cooperative system which requires that all partici-
pating aircraft be equipped with devices capable of ex-
changing information with each otner.

With respect to the current stage of developuent,
PWI equipment is being fabricated and flight tests should
be held this year. sers have made known their need for _
devices costing $1,000 to $2,000. Two versions of CAS will

20/ 1o avoid any of the problems acscclated with gelf-
interest, the composition of COPAG does not include
any companies or organizations involved in the
design, development or fabrication of any equipment.
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be rlight-tested starting in the summer of 1969. The
estimated cost of a complete CAS is §3¢,00C to $50,000,
with €. lower cost of possibly §$&,0c0 for limited equip-
ment that might be used by executive aircraft.

The Board is of the view that the CAS and PWI systems
will provide a substantial contribution to collision
avoidance, and therefore urges that their development be
contlnued toward a successful conclusion as expeditiousl?]/
as possible. With respect to CAS, which appears to be the
system receiving the most attention at this pint, one of
the most critical factors is the cost of the airborne
equipment. If this cost is beyond the means or' most of
the general aviation community, the overall ability of
the system to prevent collisions between large aircraft and
small aircraft will be drastically reduced. The subject
accident, for example, could have been prevented by CAS
orly if the Cessna had been equipped with a device capahle
of transmitting warning signals to the fully equipped
Convair. pecordingly, 1t Is hoped that some such ‘minimum"
device ran be devefoped at a cost which will foster its
Widespread installation on small aircraft.

Finally, it should te emphasized that CAS, even when
develcped to its most sophisticated level, is designed to
supplement, rather than replace, the Air Traffic Control
system. It is therefore critical tc the maximum effective-
ness of bcth systems trat the develcpmental efforts In each
be fully coordinated. To this end, the FAA is investi-
gating, in part by a planred S-month fiizht test progranm,
the interaction between the maneuvers that would be en- )
%endered by a collision avoidance system and the Air Traffic

ontrol system in order to optimize their relationship.

By THE NATIONAL TRANSPORTATION SAFETY BOARD:

/s/ JOHN H. REED
Chairman

/8/ 0SCAR M. LaiREL
Member

/8/ FRANCIS H. McADAMS
Member

fs/ LOUIS M. THAYER
Member




APPENDIX A
CREW INFORMATION 1/

Crew of North Central Flight 261

Captain Ted Baum, aged 42, was employed by North
Central Airiirnes on April 17, 1657. He held airline
transport pilot certificate No. 1256343 with typo ratings
for the DC-}, Convair 240/340/440, Allison_Convair 3140/51&0,
(Convair 580), and commercial privileges airplane multi/
single engire land. His last first-class medical certifi-
cate waes dated July 23, 1968, and was issued with no
limitations.

~ Captair Baum had a total of 12,163 flying hours, of
which 364 hcurs were in the Convair 580. He had flown
55 hours in the last 30 days. |In the 24-hour period pre-
ceding the accident, he had 6:27 hours of duty time and
rest period of 17:33 hours.

Captain Baum received his initial rating check in
the Convair 580 on July 12, 1967, and his initial Convair
580 line check on July 23, 1967. His last proficiency
check in the Convair 580 waes dated Nay 6, 1968, while his
most recent line check (in the Convair &fto) oceurred on
November 19, 1G67.

First Officer John A, Mazur, aged 30, was employed by
North Central Airlines on April é, 1968. He held commercial
pilot Certificate No. 1555450, with airplane multi/single
engine land and instrument ratings. His last second-class
medical certificate was dated December 5, 1967, and was
issued with no limitations.

Mr. Mazur had a total of 2,400 flying hours, of which
25 hours were in the Convair 580. He completed his first
officer qualification training on July 22, 1968. e re-
ceived his last line check (in the Convair 440) on ray 1,
1968. In the 24-hour period pracedlng the accident, he
had 4:25 hours duty time and 1$:35 hours rest period.

The stewardess, #iss Sharon Lynn Ann Mcenssens, Wes
employed b% North Central Airlines on June 10, 1968, and
completed her training on July 12, 1968.

1,7 ATl crew information was complled as of the date of
accident.



Cessna Pllot

Ricky Lynn Stenberz, azed 1¢, received hls private
pilot certificate on teptenber 12, 1567. He held certi-
ficate No. 1785679 with an airplane single engine land
rating. He had a total of 1£€3:3% hours rflying time, of
which 3:05 hours were in the Cessna 150. He was ziven a
check in the Ccssna 150 on November & and 13, 1267, and
four.d competent to solo that aircraft.



APPEND1X B

AIECRAFT INSGRMATICN 2/

Convalr t=EC

Aircraft ghd34s, s/N 175, was manufactured on
April 20, 1¢s€, as a Convalr 34C. The aircraft was
purchased by lorth Central Airlines on Fevruary 18, 196%,
and its conversion to a Convalr 580 was completed on
May 15, 1¢57. The total tine on the airframe was 25,219
hours, of which 3,230 hours were loggzed subsequent to
the conversion. Time since the last maintenance check
was &4 hours.

The alrcraft was equlpped with Allison engines and
Aeroproducts propellers, whose historles were as follows:

Re-5+t+o-+- Installation Serial No. Overhacl
Eng. 1 vay 3C, 1967 501633 3238
2 Septenver 16, 1967 501640 2281
Prop. 1 June &, 1968 10C2 2516
2 September 16, 1967 PlcLs 2281
Cessna 190

Cessna 150, N8T742S, recelved a certificate of air-
worthiness on September 2C, 1¢6%. The alrecraft was owned
by Home Alrmotive, Inc., and had accumulated a total air-
frame time of 2,138 hours as of July 29, 1S6E.

17425 was equipped with a Continental 0-200A enﬁine,
S/N 61325-54, and a iicCauley 1AlCO propeller, S,¥ LETAL3.
The total time on tre engine wes 2,138 hours as of July 29,
1¢68.

sxcept where othegwise noted, .all aircraft Information
L Was gompﬂe QLhgpwise Hovedarathe® RS it
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