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SYNOPSIS 

A North Central  Air l ines  Allison Convair 3401440 (CV-580) and an A i r  
Wisconsin Incorporated DHC-6 col l ided over Lake Winnebago near Appleton, 
Wisconsin, a t  approximately 1037 cen t ra l  daylight  time, June 29, 1972. 
The two passengers and three crewmembers aboard the CV-580 and the s i x  
passengers and two crewmembers aboard the DHC-6 were f a t a l l y  injured.  
Both a i r c r a f t  were destroyed a s  a r e s u l t  of the in - f l igh t  c o l l i s i o n  and 
the subsequent water impact. 

Both f l i g h t s  were operat ing in  accordance with v i sua l  f l i g h t  r u l e s  
and were within minutes of landing a t  t h e i r  respective des t inat ions .  
Visual meteorological condit ions exis ted  in  the accident area. 

The National Transportation Safety Board determines tha t  the probable 
cause of t h i s  accident was the  f a i l u r e  of both flightcrews t o  detec t  v isu-  
a l l y  the other a i r c r a f t  in  s u f f i c i e n t  time t o  i n i t i a t e  evasive act ion.  
The Board i s  unable t o  determine why each crew f a i l e d  t o  see and avoid the  
other a i r c r a f t ;  however, the  Board bel ieves  tha t  the a b i l i t y  of both crews 
t o  detec t  the other a i r c r a f t  in  time t o  avoid a c o l l i s i o n  was reduced 
because of atmospheric conditions and human v i sua l  l imi ta t ions .  



1. INVESTIGATION 

1.1 H i s t r o y  of  t h e  F l i g h t s  

North C e n t r a l  A i r l i n e s ,  I nc . ,  F l i g h t  290, an A l l i s o n  Convair  3401440 
(commonly known a s  a  CV-580), N90858, was a  r e g u l a r l y  scheduled passenger  
f l i g h t  between Houghton, Michigan, and Chicago, I l l i n o i s ,  w i t h  intermed- 
i a t e  s t o p s  a t  Ironwood, Michigan, and Green Bay, Oshkosh, and Milwaukee, 
Wisconsin.  - 

On June 29, 1972, t h e  Houghton-to-Green Bay p o r t i o n  of  F l i g h t  290 
was cance l l ed  because o f  adve r se  weather  c o n d i t i o n s  i n  no r the rn  Michigan. 
Consequent ly ,  F l i g h t  290 o r i g i n a t e d  a t  Green Bay on t h e  day of  t h e  
acc iden t .  Because o f  t h i s  change i n  t h e  f l i g h t  s chedu l e ,  a  replacement 
f l i g h t c r e w  was r equ i r ed  and was s e n t  t o  Green Bay from Chicago. 

A t  approximately  1026:28 I./, CV-580 c a l l e d  Green Bay ground c o n t r o l  
and s t a t e d ,  ". .. ready t o  t a x i ,  l i k e  t o  go VFR 21 t o  Oshkosh." The 
f l i g h t  was c l e a r e d  t o  t a x i  and was g iven  t h e  Green Bay a l t i m e t e r  s e t t i n g .  

A t  1028:14, Green Bay tower r eques t ed  a  c l a r i f i c a t i o n  of t h e  crew's  
i n t e n t i o n s  by a sk ing ,  ". . . VFR o r  IFR 21 ?I1 The crew r e p l i e d ,  "VFR". 

A t  approximately  1030, t h e  f l i g h t  depa r t ed  from Green Bay and 
climbed t o  2,500 f e e t .  ^J The f l i g h t  then  proceeded on an approximate 
course  t o  Oshkosh. 

A t  1035, t h e  CV-580 made an " i n  range" c a l l  t o  t h e  company o f f i c e  
at  Oshkosh, s t a t i n g  t h a t  t h i s  l and ing  would be accomplished w i t h  8 ,400 
pounds o f  f u e l  remaining. 

A t  1035:46 t h e  f l i g h t  made i t s  i n i t i a l  c o n t a c t  w i t h  Oshkosh tower 
s t a t i n g ,  "...we're abou t ,  seven n o r t h e a s t ,  two thousand f i v e  hundred, 
VFR." The tower acknowledged t h e  t r an smi s s ion  from NC290 and gave t h e  
crew t h e  l a t e s t  wea ther ,  a l t i m e t e r  s e t t i n g ,  and runway in format ion  a t  
t h e  a i r p o r t .  

A t  1036:11, t h e  crew r eques t ed  c l ea r ance  t o  l and  on Runway 27. 
The c o n t r o l l e r  confirmed t h e  runway and c l e a r e d  t h e  f l i g h t  f o r  l and ing .  

A t  1036:16, t h e  crew acknowledged t h e  l and ing  c lea rance .  Th is  was 
t h e  l a s t  known r a d i o  t r an smi s s ion  from t h e  f l i g h t .  

I/ A l l  t imes used h e r e i n  a r e  c e n t r a l  d a y l i g h t ,  based on t h e  24-hour c lock.  - 
21  VFR - Visua l  f l i g h t  r u l e s .  - 
31  IFR - Ins t rument  f l i g h t  r u l e s .  - 
41  A l l  a l t i t u d e s  h e r e i n  a r e  measured above mean s e a  l e v e l ,  u n l e s s  o t h e r -  - 

wise  i n d i c a t e d .  



A i r  Wisconsin Inco rpo ra t ed ,  F l i g h t  671, A DeHavilland DHC-6 Twin 
O t t e r ,  N4043B, was a  r e g u l a r l y  scheduled passenger  f l i g h t  between 
Chicago and Appleton, Wisconsin,  w i t h  an i n t e rmed ia t e  s t o p  a t  Sheboygan, 
Wisconsin. 

The f l i g h t  depar ted  from Chicago a t  0928 i n  accordance w i t h  an IFR 
f l i g h t  p lan .  P r i o r  t o  t h e i r  a r r i v a l  a t  Sheboygan, t h e  f l i g h t c r e w  can- 
c e l l e d  t h e  IFR f l i g h t  p l an  and con t inued  VFR t o  Sheboygan. 

A t  1023, 13  minutes  l a t e r  than  scheduled ,  t h e  f l i g h t  depar ted  
from Sheboygan. The f l i g h t c r e w  d i d  not  reopen t h e  f i l e d  IFR f l i g h t  
p lan  p r i o r  t o  t h e i r  d e p a r t u r e  from Sheboygan bu t  r a t h e r  e l e c t e d  t o  
proceed VFR d i r e c t  t o  Appleton. 

A t  approximately  1030, t h e  crew con t ac t ed  t h e  company o f f i c e  a t  
Appleton on t h e  company r a d i o  f requency and r epo r t ed  t h a t  i t  would be 
l and ing  a t  1044 w i t h  300 pounds o f  f u e l  remaining. Th i s  i s  t h e  l a s t  
known r a d i o  c o n t a c t  w i t h  t h e  f l i g h t .  

The i n - f l i g h t  c o l l i s i o n  occur red  a t  1036:47 a t  an  a l t i t u d e  of 
approximately  2,500 f e e t .  The c o l l i s i o n  p o i n t ,  a s  e s t a b l i s h e d  by 
w i tne s s  s t a t emen t s  and wreckage l o c a t i o n ,  was over  Lake Winnebago, 6 
n a u t i c a l  m i l e s  sou th  o f  Appleton,  Wisconsin,  and 2.5 n a u t i c a l  m i l e s  
e a s t  of Neenah, Wisconsin.  ( L a t i t u d e  44O11 '~ . ,  l ong i t ude  88O24'W.) 
The acc iden t  occur red  i n  hazy s u n l i g h t  below a  s c a t t e r e d  c loud l a y e r .  

S t r a i g h t  l i n e  cou r se s  drawn from each  f l i g h t ' s  depa r tu r e  p o i n t  
t o  i t s  r e s p e c t i v e  d e s t i n a t i o n  i n t e r s e c t  approximately  a t  t h e  c o l l i s i o n  
p o i n t .  (See Appendix D.) 

Of t h e  38 eyewi tnesses  who were i n t e rv i ewed ,  8  observed bo th  a i r -  
c r a f t  j u s t  p r i o r  t o  and a t  t h e  t ime of t h e  c o l l i s i o n .  Two w i t n e s s e s  
s t a t e d  t h a t  t h e  DHC-6 might have i n i t i a t e d  a  t u r n ,  moments b e f o r e  t h e  
c o l l i s i o n .  

Explosion and f i r e  fol lowed t h e  i n - f l i g h t  c o l l i s i o n  and bo th  
a i r c r a f t  f e l l  i n t o  Lake Winnebago. 

1.2 I n j u r i e s  t o  Persons  

I n  j u r i e s  - Crew Passengers  Other  

F a t a l  
Nonfa ta l  
None 

* I nc ludes  persons  on bo th  a i r c r a f t .  



1.3 Damage to Aircraft 

Both aircraft were destroyed as a result of the in-flight collision 
and subsequent water impact. 

1.4 Other Damage 

None. 

1.5 Crew Information 

-The crewmembers of both aircraft were certificated and qualified 
for the operations involved. (See Appendix B for detailed information.) 

1.6 Aircraft Information 

Both aircraft were certificated and maintained in accordance with 
existing regulations. (See Appendix C for detailed information.) 

1.7 Meteorological Information 

Both the 0700 and the 1000 surface weather charts for the accident 
area showed, in part, a low-pressure area centered over southeastern 
lower Michigan and northwestern Ohio with a frontal system extending 
south and southwestward from the low center. 

The 0700, 850 millibar chart (approximately 5,000 feet) showed, in 
part, a broad low-pressure area over the Great Lakes area, with the 
center located over north central Indiana. 

Official surface weather observations from the accident area were 
as follows: 

Appleton, Wisconsin (7 miles northwest of the accident site) 
1000 - Scattered clouds at 2,000 feet, visibility 6 
miles in haze, temperature 75O F. , wind from 360' at 
10 knots. 

1100 - Local observation, scattered clouds at 3,000 
feet, thin broken clouds at 15,000 feet, visibility 
5 miles in haze, temperature 80' F., wind from 360Â 
at 10 knots. 

Oshkosh, Wisconsin (13 miles south of the accident site.) 
1000 - Scattered clouds at 1,200 feet, scattered 



clouds a t  8,000 f e e t ,  v i s i b i l i t y  6 miles i n  haze, temper- 
a t u r e  700 F., dew point  62' F., wind 360Â a t  10 knots. 
1100 - Scattered clouds a t  1,500 f e e t ,  v i s i b i l i t y  6 miles 
i n  haze, temperature 74O F., dew point  60' F., wind 360' a t  
10 knots. 

Statements of other p i l o t s  who were f ly ing  i n  the area  before,  
dur ingand  a f t e r  the time of the accident ,  general ly confirmed the  
reported weather. Most of these p i l o t s  s t a t e d  t h a t  the top of the  haze 
layer was a t  approximately 3,500 f e e t  and t h a t  v i s i b i l i t y  was a t  l e a s t  
5 miles but diminished rapidly  when they turned toward the sun. The 
f l ightcrew of the CV-580 would have had t o  look toward the sun i n  order 
t o  see the  DHC-6. 

A review of the National Weather Service weather radar observations 
from Neenah, Wisconsin, indicated tha t  there  were no weather echoes over 
Wisconsin a t  the time of the accident .  

The Green Bay, Wisconsin (30 miles northeast  of the accident s i t e )  
0700 radiosonde ascent  showed an isothermal layer from the  surface t o  
near 1,500 f e e t  and condi t ional ly  unstable a i r  above tha t  a l t i t u d e .  
Winds a l o f t  observations taken on t h i s  ascent showed the wind d i rec t ion  
and ve loc i ty  between 2,000 and 3,000 f e e t  t o  be from the northeast  a t  
5 knots. Later  ascents  showed no change i n  wind d i rec t ion  and a s l i g h t  
increase i n  i t s  ve loci ty .  

1.8 Aids t o  Navigation 

Not applicable t o  t h i s  accident. 

1.9 Communications 

There was no indicat ion t h a t  e i t h e r  f l i g h t  had experienced any 
d i f f i c u l t i e s  with communications. 

1.10 Aerodrome and Ground F a c i l i t i e s  

Not applicable t o  t h i s  accident .  

1.11 Fl igh t  Recorders 

The CV-580 was equipped with a Sundstrand, United Control Data 
Division f l i g h t  da ta  recorder,  Model FA-542, SIN 3833, and a cockpit 
voice recorder. 

The f l i g h t  da ta  recorder u n i t  was found in  r e l a t i v e l y  good 
condition i n  the wreckage of the t a i l  section. There was no evidence 
of exposure t o  f i r e ,  heat ,  o r  smoke. Both the magazine and the f o i l  
medium were undamaged. A l l  t r a c e s  were operable a t  the time of the 
accident. 



0 
The a i r c r a f t  was s t r a i g h t  and l eve l  on a heading of 182 magnetic, 

a t  an a l t i t u d e  of 2,500 f e e t  and 254 knots indicated airspeed (KIAS) 
when a l l  the t r aces  stopped. There was no indicat ion of abnormal g 
forces. 

The cockpit voice recorder was not recovered. 

No f l i g h t  da ta  or voice recorders were required or i n s t a l l e d  i n  
the DHC-6. 

1.12 Ai rc ra f t  Wreckage 

The wreckage of the two a i r c r a f t  was sca t t e red  over an area  of 
the lake bottom approximately 1 mile long and one-half mile wide. 
The area was oriented general ly north t o  south, with the major por t ions  
of the DHC-6 t o  the north and the major port ions of the CV-580 t o  the 
south. 

An estimated 50 t o  60 percent of the wreckage of each a i r c r a f t  was 
salvaged. Recovery operat ions were extremely d i f f i c u l t  and hazardous, 
even though the average water depth in  the area  was only 16 fee t .  Four 
f e e t  of mud and s i l t  covered the lake bottom and underwater v i s i b i l i t y  
was reduced t o  approximately 6 inches because of a lgae ,  rough water, 
and s i l t e d  water runoff from recent ly  flooded r i v e r s  and farm land. 

Ground witnesses observed an explosion and f i r e  a t  the time of 
the  i n - f l i g h t  c o l l i s i o n .  These observations were corroborated during 
the inspection of the recovered port ions of both a i r c r a f t  as  follows: 

( a )  CV-580 

Indicat ions  of fue l  s p l a t t e r  burning and sooting were in  
evidence, s t a r t i n g  approximately midway along the r igh t  
ex te r io r  s ide  of the fuselage. From t h i s  point  a f t  t o  the 
v e r t i c a l  s t a b l i z e r ,  the f i r e  damage and sooting became 
progressively more severe. No evidence of f i r e  was found 
on the i n t e r i o r  fuselage surfaces.  

Port ions of the empennage showed f i r e  damage on the upper 
sec t ion of the l e f t  rudder hinge shroud, and fue l  s p l a t t e r  
burning and sooting were found on both s ides  of the v e r t i c a l  
s t a b i l i z e r  spars.  



(b) DHC-6 

The upper and lower panels of the left wing showed the 
effects of fire; the damage to the lower panel was more 
severe. The fire damage varied progressively from severe 
skin and stringer quilting, with wing panel embrittlement 
and distortion at the wing root, to light sooting at the 
wingtip. 

~ o s t  of the fuselage sections which were recovered showed 
signs of fire and explosion damage. The cockpit area 
showed internal and external paint blistering and sooting. 
Interior and exterior fire damage was more severe towardthe 
aft section of the aircraft; the left rear side showed the 
most severe fire damage. 

1.14 Survival Aspects 

This was a nonsurvivable accident. 

1.15 Tests and Research 

Two heading-indicating instruments from the DHC-6 were recovered 
and examined. An Allen Aircraft Radio, Inc., radio magnetic indicator 
(MI), type 2105B-6, from the captain's instrument panel, showed impact 
marks on the back of the dial equivalent to a magnetic heading of 3220. 
The first officer's directional gyro, type 200-4, manufactured by 
Aviation Instrument Manufacturing Corporation, was found broken and 
mechanically locked on a heading of 325O magnetic. 

Binocular photographs, taken from the cockpit of a CV-580 
(Appendix E) and a DHC-6 (Appendix F), were prepared by the Federal 
Aviation Administration National Aviation Facility Experimental Center. 
These photographs were used as an aid in determining whether the cock- 
pit structure of either aircraft might have interfered with the detection 
of the other aircraft. 

The collision track of each aircraft was reconstructed, using 
flight data recorder information from the CV-580 and estimates of 
heading, altitude, and airspeed of the DHC-6. Appendix G illustrates 
the reconstructed flight track as well as the collision angle, 
closure rate, and visual sight lines from each aircraft. 

1.16 Other Information 

Neither air carrier had a formal training program regarding 
visual scanning, nor did the Federal Aviation Administration (FAA) 
require such a program. However, both carriers involved in this 
accident had been actively engaged, through the use of bulletins 



and crew information items, in  keeping t h e i r  crewmembers aware of 
the "see and avoid" concept and of the importance of v ig i lance  
during VFR f l i g h t .  

The s t a t u s  of the  FAA P i l o t  Warning Indicator  (PWI) and 
Col l i s ion Avoidance System (CAS) programs was examined t o  learn  
when these devices might be ava i l ab le  fo r  general use. Research 
i s  being conducted on these systems and the  goals ,  achievements 
and trends of these programs, a s  of March 1973, a r e  attached a s  
Appendix H. Testimony ind ica tes  t h a t  the  present t a rge t  date fo r  
nat ional  standards fo r  these programs i s  1976. 

2. ANALYSIS AND CONCLUSIONS 

2.1 Analysis 

Both a i r c r a f t  were properly c e r t i f i c a t e d  and maintained i n  
accordance with ex i s t ing  regulat ions and es tabl ished maintenance 
procedures. The gross weight and center  of gravi ty  of both a i r c r a f t  
were within es tabl ished l i m i t s ,  and each a i r c r a f t  was properly 
equipped fo r  the intended f l i g h t .  

Examination of the recovered sect ions  of the wreckage, which 
included por t ions  of both airframes,  por t ions  of both a i r c r a f t  
control  systems, an engine from each a i r c r a f t ,  one propel ler  from 
the DHC-6, and other components from both a i r c r a f t ,  revealed no 
evidence of s t r u c t u r a l  f a i l u r e ,  malfunction, o r  other abnormality 
p r i o r  t o  the i n - f l i g h t  co l l i s ion .  

Both crews were properly c e r t i f i c a t e d  and qua l i f i ed  fo r  t h e i r  
f l i g h t s .  No evidence was discovered t o  suggest p i l o t  impairment or 
incapaci ta t ion .  Both p i l o t s  of the  CV-580 were required t o  wear 
correc t ive  g lasses  while executing the p r iv i l eges  of t h e i r  airman 
c e r t i f i c a t e s .  No evidence could be found t o  e s t a b l i s h  compliance 
o r  noncompliance with t h i s  r e s t r i c t i o n .  

In view of the foregoing, the areas  of primary causal  concern 
were those involving the opera t ional  and human fac to r s  aspects  of 
each f l i g h t  during a  f i n i t e  time i n t e r v a l  p r i o r  t o  the co l l i s ion .  

The decision by both f l ightcrews t o  conduct t h e i r  f l i g h t s  under 
v i sua l  f l i g h t  r u l e s ,  r a the r  than under instrument f l i g h t  r u l e s ,  
appears t o  have been influenced by the expectat ion t h a t  some savings 
of time, f u e l ,  and f l ightcrew workload would r e s u l t .  By operat ing 
i n  accordance wi th  v i sua l  f l i g h t  r u l e s ,  both a i r c r a f t  were able  t o  
proceed d i r e c t l y  t o  t h e i r  respective des t inat ions  a t  low a l t i t u d e s  
without delay. The inves t iga t ive  f indings and hearing testimony, 
ind ica te  t h a t  the  savings would have been minimal. Both f l i g h t s  



had computer-stored IFR f l i g h t  plans ava i l ab le ,  the  ac t iva t ion  of 
which could have been accomplished with l i t t l e  l o s s  of time and 
would have resu l t ed  i n  minor mileage increases.  In addi t ion ,  the 
choice of VFR f l i g h t  ins tead of IFR f l i g h t  and the  e lec t ion  by both 
crews not t o  request e i t h e r  radar o r  f l i g h t  advisory ass is tance  
from the Chicago A i r  Route T r a f f i c  Control Center (ARTCC ),  deprived 
both f l i g h t s  of the protec t ion afforded t o  a i r c r a f t  t h a t  operate i n  
accordance with IFR procedures. Had both a i r c r a f t  been operat ing 
i n  accordance with instrument f l i g h t  r u l e s ,  they would have been 
afforded c o l l i s i o n  avoidance radar advisor ies  and a l t i t u d e  separa- 
t ion.  I f  only one a i r c r a f t  had been IFR, i t  could have been given 
radar separat ion from other  known IFR t r a f f i c  and probably would 
have been given advisor ies  regarding unident i f ied  t r a f f i c  in  i t s  
v i c i n i t y .  The a i r c r a f t  under an IFR clearance would have had an 
assigned a l t i t u d e  ( i .e . ,  4,000, 6,000 f e e t )  and VFR a i r c r a f t  should 
have flown below 3,000 f e e t  o r  a t  a  proper hemispheric a l t i t u d e  ( i .e . ,  
4,500, 6,500 f e e t ) .  Thus, a l t i t u d e  separat ion could have been main- 
tained e f fec t ive ly .  

In the absence of cockpit voice recorders,  c e r t a i n  assumptions 
were made i n  order t o  reconstruct  possible crew a c t i v i t i e s  immedi- 
a t e l y  preceding the c o l l i s i o n .  These assumptions were based on 
testimony of witnesses,  on examination of the  CV-580 f l i g h t  recorder 
data ,  and on known radio  transmissions from each a i r c r a f t .  

Following i s  an approximation of i n - f l i g h t ,  crew a c t i v i t i e s  
jus t  p r i o r  t o  the c o l l i s i o n :  

CV-580 Flightcrew 

Between 1034 and 1035, the f i r s t  o f f i c e r  contacted the North 
Central  S ta t ion  a t  Oshkosh t o  repor t  in-range. A t  about 1035:45, 
he contacted Oshkosh Tower. Corre la t ing  F l igh t  Recorder data  with 
the transmission t o  the  Oshkosh Tower, the following reconstruction 
i s  possible for  the CV-580: 

Time Pr io r  t o  Col l i s ion - Event 
(Seconds) (Radio transmission from F l igh t  290) 

"Oshkosh Tower, North Centra l  290" 
(2-second durat ion) (1035:45) 

80.5 2-4 - second pause 

"Yeah, we're about, seven northeast .  
Two thousand f i v e  hundred, VFR" (4- 
second durat ion) 



Time P r i o r  t o  Col l i s ion  
(Seconds) 

Event - 
(Radio transmission f romFlight  290) 

16-second pause 

"OK, w e ' l l  take two seven" 
(2-second durat ion) 

2-second pause 

"Cleared t o  land" (1-second 
durat ion) (1036:15) ( l a s t  
transmission) 

S t a r t  heading. change from 200' 

Completed 18' heading change 

F l igh t  290 remained on a heading 
of approximately 1 8 2 ,  a  speed of 
254 KIAS, and an a l t i t u d e  of 2,500 
f e e t  fo r  the  f i n a l  30 seconds. 

Testimony received during the public hearing and examination of 
the f l i g h t  recorder data  ind ica te  t h a t  the  heading change was accom- 
pl ished byuse of the  autopi lo t .  It i s  assumed t h a t  the capta in ,  
during the heading change t o  the l e f t ,  was occupied with monitoring 
the heading change on the MI a s  the a i r c r a f t  banked i n t o  the turn  
and s.imultaneously made command inputs  t o  the  autopi lo t .  H e  probably 
devoted some a t t e n t i o n  t o  scanning v i s u a l l y  t o  h i s  l e f t  in  the  d i r e c t -  
ion of the turn. It i s  fu r the r  assumed t h a t  he c leared the a rea  t o  
the l e f t  during the i n i t i a l  port ion of the  turn and spent progres- 
s ive ly  l e s s  time searching t o  the  l e f t  a s  the turn was completed and 
h i s  a t t e n t i o n  was s h i f t e d  t o  monitor the  a i r c r a f t  heading ind ica to r s  
and the a i r c r a f t p o s i t i o n  r e l a t i v e  t o  the a i r p o r t  a t  Oshkosh. 

The in-range checkl is t  probably would have been s t a r t e d  sometime 
a f t e r  the  new heading was established.  Procedurally, the  s igna l  f o r  
the f i r s t  o f f i c e r  t o  s t a r t  these checks i s  the  completion of pre- 
liminary checks by the captain.  These preliminary checks require  
the capta in  t o  look outboard t o  check the hydraulic f l u i d  l e v e l s  
and then look inboard toward the  center  control  pedestal  t o  check 
the  an t i sk id  system. Because the captain would have been occupied 
with the  aforementioned tasks  associa ted  with the heading change, 
i t  does not appear l i k e l y  t h a t  he would have been a l s o  occupied 
with pre-in-range check items a t  the same time. Checking the hydrau- 
l i c  f l u i d  l e v e l  the a n t i s k i d  system takes approximately 5 t o  8 
seconds. 



Two p o s s i b i l i t i e s  regard ing  t he  accomplishment of t h e  in-range 
check were cons idered :  

(a)  The c h e c k l i s t  was s t a r t e d  and completed up t o  i tem No.3. 
( I tem No. 4 ,  "BYPASS-DOWN," was no t  y e t  accomplished and 
t h e  hyd rau l i c  bypass handle  was found i n  t h e  "UP" pos i t i on . )  

(b) The in-range checks were not s t a r t e d  a t  t he  time of  t h e  
c o l l i s i o n .  

Consider ing t he  f i r s t  p o s s i b i l i t y ,  approximately 15 t o  18 
seconds would be r equ i r ed  by t h e  c a p t a i n  t o  complete h i s  p r epa ra to ry  
checks and by t h e  f l i g h t c r e w  t o  perform c h e c k l i s t  i tems Nos. 1 
through 3. It i s  p o s s i b l e  t h a t  a  longer  pe r iod  of  t ime would have 
been r equ i r ed  i f  t h e  c a p t a i n  a ided  t h e  f i r s t  o f f i c e r  w i t h  t h e  i n -  
range c h e c k l i s t .  The f i r s t  o f f i c e r  had on ly  been w i t h  North C e n t r a l  
a  month and had no t  flown be fo re  w i t h  t h e  cap t a in .  

Two a l t e r n a t i v e s  then fol low:  e i t h e r  t h e  checks were begun 
immediately a f t e r  t a k i n g  up t h e  new heading,  o r  t h e  checks were 
be ing  conducted a t  t he  time of t h e  c o l l i s i o n .  

The f i r s t  a l t e r n a t i v e ,  t h a t  t h e  checks began immediately a f t e r  
t h e  t u r n ,  can be d i scounted  because t h e  t u r n  was completed approxi-  
mately  30 seconds p r i o r  t o  c o l l i s i o n ,  and t h e r e  would have been 
ample t ime t o  have completed a l l  in-range checks,  i . e . ,  t h e  "BypassM 
handle  would have been found i n  t h e  down p o s i t i o n .  

The second a l t e r n a t i v e ,  t h a t  t h e  checks were be ing  accomplished 
a t  t h e  t ime of  t h e  c o l l i s i o n ,  appears  more p l a u s i b l e .  C a l c u l a t i n g  
back from t h e  t ime of  t h e  c o l l i s i o n ,  15 t o  20 seconds a r e  a l l o c a t e d  
t o  complete t h e  c h e c k l i s t  through i t em No. 3. During t he  f i r s t  5 
t o  8 seconds o f  t h i s  pe r iod ,  t h e  c a p t a i n  would have been occupied 
w i t h  checking hyd rau l i c  and a n t i s k i d  systems. This  would have l e f t  
him about 12 t o  15 seconds f o r  o u t s i d e  scanning. The f i r s t  o f f i c e r  
would have been preoccupied du r ing  t h e s e  remaining seconds w i t h  t he  
in-range checks.  

Therefore ,  i f  t h e  in-range checks were conducted a t  a l l ,  t h e  
crew probably would have been preoccupied w i t h  t he  checks a t  t he  
time of t h e  c o l l i s i o n .  The crew's  a b i l i t y  t o  main ta in  o u t s i d e  
v i g i l a n c e  would have been diminished dur ing  t he se  checks. I f  t h e  
crew had no t  y e t  s t a r t e d  t h e  in-range checks,  t hey  would have had 
approximately 30 seconds t o  scan o u t s i d e  t he  cockpi t  from t h e  time 
t h e  a i r p l a n e  r o l l e d  ou t  of t h e  t u r n  u n t i l  t h e  c o l l i s i o n .  



DHC-6 Flightcrew 

A t  about 1030, the  captain contacted A i r  Wisconsin's Appleton 
s t a t i o n  t o  advise of h i s  intended landing a t  about 1044 with 300 
pounds of fuel .  Without benef i t  of information from a f l i g h t  da ta  
recorder o r  a  cockpit voice recorder,  c e r t a i n  assumptions were made 
regarding crew a c t i v i t i e s .  Information received from other A i r  
Wisconsin captains disclosed tha t  a  heading of about 325' magnetic, 
an airspeed of approximately 150 KIAS, and an a l t i t u d e  of 2,500 f e e t  
probably would have been flown on a d i r e c t  VFR f l i g h t  from Sheboygan 
t o  Appleton. About 8 minutes before landing and about 12 nau t i ca l  
miles from Appleton the nonflying p i l o t  would normally have made the 
in-range c a l l  t o  the A i r  Wisconsin s t a t i o n  a t  Appleton. Shortly 
the rea f te r  he would have contacted the  Appleton Tower fo r  landing 
ins t ruct ions .  After  he received the Appleton a l t ime te r  s e t t i n g ,  he 
would have s t a r t e d  the descent checkl is t .  During t h i s  i n t e r v a l ,  o r  
a t  about 9 naut ica l  miles from Appleton, the DHC-6 would have been 
a t  an a l t i t u d e  of about 2,500 fee t .  Because the crew had not yet  
made the in-range c a l l  t o  Appleton Tower, i t  i s  l i k e l y  t h a t  they had 
not yet  begun the descent checkl is t .  The Board i s  unable t o  determine 
what f l ightcrew a c t i v i t i e s  would have prevented the crew from looking 
fo r  other a i r c r a f t  during the 30-second period before the c o l l i s i o n .  

A number of condit ions present a t  the time of the c o l l i s i o n ,  
taken e i t h e r  individual ly  o r  c o l l e c t i v e l y ,  reduced the  a b i l i t y  of 
each crew t o  detec t  the other a i r c r a f t  and t o  take appropriate 
evasive act ion.  The detec t ion of a  converging and po ten t i a l ly  
hazardous airborne t a r g e t ,  the assessment of i t s  speed, a l t i t u d e ,  
and closure r a t e ,  the  completion of the decisionmaking process, 
and the i n i t i a t i o n  of a  control  input can require  a minimum of 
10 t o  15 seconds. Testimony received a t  the public hearing, 
reconstruction of the  probable f l igh tpa ths ,  and cockpit v i s i b i l i t y  
photographs provided the bas i s  fo r  the  following analys is :  

(a)  Sun Posi t ion  - The crew of the CV-580 would have had t o  
look toward the  sun in  order t o  see the DHC-6. The small 
s i z e  of the  DHC-6 t a r g e t ,  coupled with i t s  locat ion 
adjacent t o  the sun, adversely af fec ted  i t s  d e t e c t a b i l i t y .  
On the other hand, sun posi t ion  ( r e l a t i v e  t o  c o l l i s i o n  
geometry) would have improved i l lumination of the CV-580 
when viewed from the DHC-6. This would have been due t o  
the r e f l e c t i o n  of sunlight  from the white paint  on the 
CV-580, causing the t a r g e t  t o  appear br ighter  than i t s  
background. 

However, the  e f f e c t  of lowered target-to-background r a t i o  
from intervening haze (between the DHC-6 and the CV-580) 
cannot be determined. The Board believes t h a t  some lower- 
ing of the conspicuity of the CV-580 would r e s u l t  from the 
intervening haze. 



(b) Windshield Condition - The postcrash condition of the 
windshields of both aircraft prevented any determination 
of precollision material condition or cleanliness. How- 
ever, some windshield obscuration from insect smears was 
undoubtedly present on both aircraft. The proximity of 
large bodies of water to each flight's point of departure 
and intended landing airport, the relatively low en route 
cruising altitudes used by both flights, and the time of 
the year, all tend to suggest conditions suitable for 
encountering insects in flight. 

(c) - Since neither flightcrew refiled en route for an IFR 
clearance, it is concluded that each believed they had at 
least 3 miles in-flight visibility. Six miles' visibility 
was reported by trained ground observers, and in-flight 
visibility was reported to be approximately 5 miles, 
except that it was less, looking toward the sun. When 
a target is viewed through intervening haze, fog, smog, etc., 
the ability to discern shape, form, size, and motion can 
be severely reduced. Additionally, when an aircraft is 
close enough for its color to be discerned, the color 
scheme can blend that aircraft into an ill-defined back- 
ground. As previously mentioned, haze between the sun and 
the targets could cause both targets to be poorly illumi- 
nated. The density and color of the "haze" (size of 
moisture droplets and solid particulate matter suspended 
in the atmosphere) and the uniformity of the haze, could 
have affected the atmospheric light scatter. The ability 
of a pilot to see an intruding aircraft passing between 
himself and the sun, when viewed through haze, can be 
severely affected. The characteristics of the reported 
haze cannot be determined in this accident. 

(d) Conspicuity - When a target is large enough to be detected 
visually, the color of the target can have an effect on its 
detection. A relatively slow rate of closure can compound 
this problem. The colors of the CV-580 (basically white 
with a wide, longitudinal, gray-green stripe) and the 
colors of the DHC-6 (basically white with red and blue 
longitudinal stripes) could cause both airplanes to blend 
with the background. The red anticollision lights would 
have been diffused similarly by intervening haze and the 
attention-getting qualities almost totally negated. The 
CV-580 was equipped with high-intensity capacitance dis- 
charge lights in both wing tips. North Central Airlines 
recommended that these lights be used at all times in 



f l i g h t  u n l e s s  t h e  l i g h t s  would a f f e c t  s a f e  o p e r a t i o n  
of  t h e  a i r c r a f t ;  however, t h e  use  o f  t h e s e  l i g h t s  was 
no t  mandatory. There i s  no evidence t o  i n d i c a t e  whether 
o r  not  t h e s e  l i g h t s  were used. 

( e )  Type of  F l i g h t  P l an  - Nei the r  c a p t a i n  chose t o  a c t i v a t e  
p r e s t o r e d  IFR f l i g h t  p l a n s ;  consequent ly ,  bo th  a i r c r a f t  
were o p e r a t i n g  i n  accordance w i t h  VFR. Ne i t he r  c a p t a i n  
r eques t ed  r a d a r  i n - f l i g h t  a d v i s o r i e s ,  even though t h e s e  
a d v i s o r i e s  probably cou ld  have been provided had they  
been reques ted .  Chicago ARTCC had no knowledge of  t h e  
in tended  f l i g h t p a t h  o f  e i t h e r  a i r c r a f t  o r  t h e i r  en  r o u t e  
l o c a t i o n s  a t  any p o i n t  i n  time. The ARTCC would no t  have 
been a b l e  t o  i d e n t i f y  o r  communicate w i t h  e i t h e r  a i r c r a f t  
i f  c o n f l i c t i n g  r a d a r  r e t u r n s  had been observed on t h e i r  
radarscopes .  Cons ider ing  t h e  l i m i t a t i o n s  i n h e r e n t  i n  t h e  

, aforement ioned VFR o p e r a t i o n s ,  i t  would have been prudent  
f o r  one o r  bo th  f l i g h t s  t o  o p e r a t e  under an IFR f l i g h t  
p l a n  so  t h a t  t hey  cou ld  o b t a i n  ARTCC t r a f f i c  a d v i s o r i e s .  
While a d v i s o r i e s  i n  themselves  a r e  no guaran tee  t h a t  
p i l o t s  w i l l  always s e e  o t h e r  t r a f f i c ,  t h e  f l i g h t c r e w s  
a r e  n e v e r t h e l e s s  a l e r t e d  t o  a  t a r g e t  and i t s  r e l a t i v e  
bear ing .  With such i n fo rma t ion  a v a i l a b l e ,  t h e  s e a r c h  
a r e a  i s  l o c a l i z e d ,  and a  warning i s  provided t h a t  a  
p o t e n t i a l l y  dangerous t h r e a t  cou ld  suddenly appear .  

( f )  V i s i b i l i t y  from t h e  CV-580 - Based upon a n a l y s i s  o f  
cockp i t  v i s i b i l i t y  (Appendix E ) ,  a t  1 minute p r i o r  t o  
c o l l i s i o n ,  t h e  DHC-6 would have been approximately  29' 
t o  t h e  l e f t  o f  t h e  c a p t a i n ' s  and f i r s t  o f f i c e r ' s  z e ro  
r e f e r e n c e p o i n t s .  The t a r g e t  would have remained b e t -  
ween approximately  16' and 14' du r ing  t h e  f i n a l  30 
seconds,  A p o s s i b i l i t y  e x i s t s  t h a t  du r ing  t h e  l a s t  
25 seconds,  t h e  DHC-6 cou ld  have been p a r t i a l l y  
obscured by a  windsh ie ld  pos t  immediately outboard 
of t h e  c a p t a i n ' s  windsh ie ld .  However, s l i g h t  movement 
of t h e  c a p t a i n ' s  head, neck, o r  t o r s o  could have e l i -  
minated such obscu ra t i on .  The a i r c r a f t  s t r u c t u r e  
should  no t  have obscured v i s i o n  from t h e  f i r s t  o f f i c e r ' s  
p o s i t i o n  du r ing  t h e  f i n a l  30 seconds of f l i g h t .  

(g )  V i s i b i l i t y  from t h e  DHC-6 - Based upon cockp i t  v i s i b i l i t y  
a n a l y s i s  (Appendix F ) ,  t h e  CV-580 would have moved from 
approximately  280 t o  24' t o  t h e  r i g h t  of  t h e  c a p t a i n ' s  
and t h e  f i r s t  o f f i c e r ' s  z e r o  r e f e r e n c e  p o i n t s  du r ing  t h e  
p e r i o d  from 60 seconds t o  30 seconds p r i o r  t o  impact. 
During t h e  l a s t  30 seconds ,  t h e  l o c a t i o n  of  t h e  CV-580 
would have remained c o n s t a n t  a t  approximately  t h e  24' 
bear ing .  Some obscu ra t i on  might have been p r e sen t ed  by 
t h e  windsh ie ld  wiper  l o c a t e d  i n  f r o n t  of t h e  f i r s t  o f f i c e r ,  
who was occupying t h e  l e f t  s e a t ;  however, s l i g h t  movement 
o f  e y e s ,  head, o r  t o r s o  would have pe rmi t t ed  unobs t ruc ted  



v i s i o n  i n  t h e  d i r e c t i o n  of t h e  CV-580. Observat ion of  
t h e  t a r g e t  would have been unobs t ruc ted  from t h e  c a p t a i n ' s  
p o s i t i o n  i n  t h e  r i g h t  s e a t .  

I n  summary, t h e  fo l lowing  a n a l y s i s  i l l u s t r a t e s  t h e  a b i l i t y  o f  
each f l i g h t c r e w  t o  d e t e c t  and avo id  t h e  o t h e r  a i r c r a f t  i n  t h i s  
a c c i d e n t :  

CV-580 F l i gh t c r ew  - I f  t h e  f l i g h t c r e w  were engaged i n  
performing t h e  in - range  checks a t  t h e  t ime of  t h e  c o l -  
l i s i o n ,  t h e  c a p t a i n  would have had approximately  12 t o  
15 seconds t o  d e t e c t  t h e  DHC-6, a s s e s s  t h e  s i t u a t i o n ,  
dec ide  on a p p r o p r i a t e  eva s ive  maneuver ( i f  he perce ived  
a  c o l l i s i o n  t h r e a t ) ,  and make t h e  necessa ry  c o n t r o l  i npu t s .  
There is  no evidence t o  sugges t  t h a t  t h i s  sequence was 
s t a r t e d  o r  t h a t  i t  was completed b e f o r e  t h e  c o l l i s i o n  
occurred.  I f  t h e  f l i g h t c r e w  had not s t a r t e d  t h e  in-range 
checks ,  they  cou ld  have had a s  much a s  30 seconds a f t e r  
t h e  t u r n  was completed,  t o  perform a  sea rch .  The t a r g e t  
o f  t h e  DHC-6 when a  6-mile v i s i b i l i t y  l i m i t  i s  cons ide r ed ,  
should  have been of s u f f i c i e n t  s i z e  t o  p e r m i t ' d e t e c t i o n .  
However, when atmospher ic  haze ,  a tmospher ic  l i g h t  s c a t t e r ,  
DHC-6 c o n s p i c u i t y ,  r a t i o  o f  DHC-6 b r i g h t n e s s  t o  background 
b r i g h t n e s s ,  and probab le  windsh ie ld  smearing and s p o t t i n g  
from i n s e c t s  a r e  cons idered ,  i t  i s  no t  p o s s i b l e  t o  d e t e r -  
mine when t h e  DHC-6 would have p r e sen t ed  a  t a r g e t  which 
cou ld  have been i n t e r p r e t e d  a s  a  t h r e a t .  The smal lness  o f  
t h e  t a r g e t  and i t s  p o s i t i o n  r e l a t i v e  t o  t h e  sun would have 
s i m i l a r l y  hampered d e t e c t i o n .  The bank ang l e  o f  t h e  CV-580 
du r ing  t h e  t u r n  cou ld  have r e s t r i c t e d  t h e  c a p t a i n ' s  view 
t o  t h e  l e f t  ( toward t h e  DHC-6) f o r  23 seconds.  The DHC-6 
would have remained e s s e n t i a l l y  16' t o  14' t o  t h e  l e f t  o f  
t h e  c a p t a i n ' s  and t h e  f i r s t  o f f i c e r ' s  z e r o  r e f e r ence  p o i n t s  
du r ing  t h e  f i n a l  30 seconds. I f  t h e  DHC-6 were s i g h t e d  
du r ing  t h i s  t ime,  t h e  crew should  have been a l e r t e d  t h a t  
a  c o l l i s i o n  t h r e a t  e x i s t e d  because t h e  t a r g e t  would have 
remained on a  f i x e d  r e l a t i v e  bear ing .  

DHC-6 F l i gh t c r ew  - The f l i g h t c r e w  probably had no t  s t a r t e d  
t h e  de scen t  checks.  Cockpi t  s t r u c t u r e  probably would no t  
have i n t e r f e r e d  w i t h  s i g h t i n g  t h e  CV-580. The CV-580 would 
have p r e sen t ed  a  t a r g e t  s i z e  s i g n i f i c a n t l y  g r e a t e r  than  t h e  
d e t e c t i o n  t h r e s h o l d  p r i o r  t o ,  dur ing ,and  a f t e r  t h e  CV-580's 
t u rn .  The CV-580 would have remained approximately  24' t o  



the r i g h t  of the  cap ta in ' s  and f i r s t  o f f i c e r ' s  zero 
reference points  f o r  the  f i n a l  30 seconds of f l i g h t .  
Sun posi t ion  would have resu l t ed  i n  b e t t e r  i l lumination 
of the  CV-580 a s  a  t a r g e t ,  and, a t  the  low closure 
r a t e s  involved, the  CV-580 should have had a  higher 
p robab i l i ty  of detect ion.  However, the  mi t igat ing 
condit ions described tha t  reduced the  f i d e l i t y  of the 
DHC-6 t a r g e t  would s imi la r ly  a f f e c t  the f i d e l i t y  of 
the  t a r g e t  presented by the CV-580. The f ixed bearing 
fo r  the l a s t  30 seconds would have severely l imi ted  
the  DHC-6 crew's a b i l i t y  t o  perceive t a r g e t  motion, 
speed, a l t i t u d e  and r a t e  of closure.  I f  the  t a r g e t  
were sighted during these 30 seconds, the f ixed 
bearing should have a l e r t e d  the DHC-6 crew t h a t  a  
c o l l i s i o n  t h r e a t  exis ted .  

This accident  is  another example of the hazard of attempting 
t o  maintain v i sua l  separat ion when the in - f l igh t  v i s i b i l i t y  i s  
r e s t r i c t e d  but above the minimum required fo r  VFR f l i g h t .  This 
accident again i l l u s t r a t e s  t h a t  ca re  must be taken and outside 
v igi lance  must be maintained i n  order t o  implement the "see and 
avoid" concept t o  i t s  f u l l e s t  extent .  Although l e s s  r e l i a b l e  as 
a i r c r a f t  speeds increase ,  t h e U s e e  and avoid" concept remains the 
primary c o l l i s i o n  avoidance technique used by p i l o t s  who operate 
i n  v i sua l  meteorological conditions. 

2.2 Conclusions 

(a)  Findings 

1. The f l i g h t  crewmembers of both a i r c r a f t  were properly 
c e r t i f i c a t e d  and qual i f ied .  

2. There was no evidence of crew incapaci ta t ion .  

3. Both a i r c r a f t  were properly c e r t i f i c a t e d  and 
maintained i n  accordance with e x i s t i n g  regula t ions  
and approved procedures. 

4 .  There were no known malfunctions of  e i t h e r  a i r c r a f t  
p r i o r  t o  the  i n - f l i g h t  c o l l i s i o n ,  and both a i r c r a f t  
were properly equipped fo r  f l i g h t .  

5. Both a i r c r a f t  were operat ing under v i sua l  f l i g h t  
ru les  i n  v i s u a l  meteorological conditions. Surface 
v i s i b i l i t y  was r e s t r i c t e d  t o  about 5 miles i n  haze. 
The top of the haze layer  was reported t o  be 3,500 
f e e t .  



The choice of VFR f l i g h t  by both crews deprived them of 
the  protec t ion afforded t o  IFR a i r c r a f t  by Air T r a f f i c  
Control. 

The CV-580 did  not take evasive act ion.  

There i s  i n s u f f i c i e n t  evidence t o  indicate  tha t  the  DHC-6 
took any evasive act ion.  

No posit ive determination could be made a s  t o  crew 
a c t i v i t i e s  jus t  p r i o r  t o  c o l l i s i o n .  

The c o l l i s i o n  occurred a t  an a l t i t u d e  of approximately 
2,500 fee t .  

A t  1 minute p r i o r  t o  the  c o l l i s i o n ,  the DHC-6 would have 
0 been approximately 29 t o  the  l e f t  of the zero reference 

points  of the CV-580 crew. The DHC-6 would have remained 
a t  approximately 16' t o  14' t o  the  l e f t  of both crewmen's 
zero reference points  during the  l a s t  30 seconds of f l i g h t .  

A t  1 minute p r i o r  t o  c o l l i s i o n ,  the CV-580 would have been 
located approximately from 28' t o  24' t o  the r i g h t  of the 
DHC-6 cap ta in ' s  and f i r s t  o f f i c e r ' s  zero reference points. 
For the l a s t  30 seconds, the  CV-580 would have remained 
approximately 24 r i g h t  of the zero reference points  of 
both p i l o t s .  

The r a t e  of closure was ca lcula ted  t o  be 608 f e e t  per 
second a t  1 minute before the  c o l l i s i o n  and increased t o  
688 f e e t  per second during the l a s t  5 seconds of f l i g h t .  

(b) Probable Cause 

The National Transportat ion Safety Board determines t h a t  the 
probable cause of t h i s  accident was the f a i l u r e  of both f l ightcrews t o  
detec t  v i sua l ly  the other a i r c r a f t  in  s u f f i c i e n t  time t o  i n i t i a t e  
evasive act ion.  The Board is  unable t o  determine why each crew f a i l e d  
t o  see and avoid the o ther  a i r c r a f t ;  however, the Board believes tha t  
the a b i l i t y  of both crews t o  detec t  the other a i r c r a f t  i n  time t o  avoid 
a c o l l i s i o n  was reduced because of atmospheric conditions and human 
v i sua l  l imi ta t ions .  



RECOMMENDATIONS 

There is no approved, standardized method to train or grade pilots 
in the techniques of time sharing between scanning cockpit instruments 
and searching the surrounding airspace for other aircraft. 

The Board believes that an audio-visual aid, developed by the 
Aircraft Owners and Pilots Association Air Safety Foundation Group 
could help pilots develop a better understanding of how to conduct a 
search for airborne targets and the necessity of improving their time 
sharing techniques. The presentation used in this aid does not dwell 
at length upon any recommended scanning technique, but it does draw 
the trainee's attention dramatically to the inherent difficulties 
involved in sighting other aircraft and, by so doing, it emphasizes 
the need for the attention and concentration required to improve the 
possibilities of visually sighting airborne targets. 

On January 6, 1972, the Board made its third recommendation to the 
FAA concerning visual scan and time-sharing training. The FAA previously 
had proposed, in Notice of Proposed Rule Making (NPRM) No. 70-37, to 
develop a system to train pilotsin methods to time-share visual outside 
searches and scanning of cockpit displays. The NPRM was withdrawn by 
the FAA on July 27, 1972, because a majority of the comments received 
from individuals and organizations within the aviation community did 
not favor the amendment. The Board then recommended that the FAA 
reconsider the withdrawal of the NPRM and that the rule making be 
reinstituted. The FAA on November 28, 1972, advised the Board that the 
rule making had been premature and that additional research and develop- 
ment was required. They stated that such research and development was in 
progress and that if the results were fruitful, the rule making would 
be reinstituted. 

The Board, in Special Study Midair Collisions in U. S. Civil 
Aviation 1969 - 1970, June 7, 1972, recommended that the FAA require 
the daytime use of high-intensity white lights on all air carrier air- 
craft. The FAA responded on ~ctober 19, 1972, that "... An evaluation 
project was started on 7 April 1972 to pursue aircraft conspicuity 
research on a priority to substantiate rulemaking action on anticollision 
lights, strobe lights, and pilot warning instrument (PWI) application of 
the strobe lights ....It As we have previously noted, no determination 
could be made in this case regarding the use of the installed strobe 
lights on the CV-580. However, the Board continues to believe that the 
use of such lights in daytime operations would improve the conspicuity 
of aircraft and make them easier to detect by pilots of other aircraft. 



The Board also noted, during the investigation of this accident, 
that there is no standardized flight check requirement with regard to 
the visual scan procedures used by a flightcrew when the flight is 
operating in visual meteorological conditions (VMC). This subject 
has been investigated in several collision accidents and to date, no 
satisfactory system has been reported to the Board. 

The Board continues to be concerned with the overall midair 
collision problem. As the Board has stated before, the midair col- 
lision hazard is one of the most urgent and serious problems con- 
fronting civil aviation in this decade. 

While the Board recognizes the continuing emphasis that the FAA 
is providing to resolve the midair collision problem, the Board con- 
siders that an even greater effort is needed to resolve the issues 
and arrive at a solution which will reduce the risk of midair collisions, 
especially as it relates to the wide bodied jet fleet. 

In view of the above, the National Transportation Safety Board 
recommends that the Administrator, Federal Aviation Administration: 

1. Develop and publish standards for visual search techniques 
to be used by instructors and check pilots on all training, 
certification, and proficiency check flights when pilots 
are operating in VMC (Safety Recommendation A-73-27). 

2. Establish a requirement for pilots to be trained in the tech- 
niques of time sharing between visual scanning for airborne 
targets and cockpit duties (Safety Recommendation A-73-28). 

3. Require that all pilots and flightcrew members training, 
certification, and proficiency check forms contain a 
specific item on scanning and time sharing (Safety Recommendation 
A-73-29). 

4. Require that all pilots and flightcrew members be graded in 
scanning and time sharing techniques when training, certifica- 
tion, and proficiency check flights are conducted under VMC 
(Safety Recommendation A-73-30). 

5. Advise the Board of the status of the FAA's evaluation project 
of April 7, 1972, on aircraft conspicuity research and, if 
that project has not been completed, take action to complete 
the project on a priority basis (Safety Recommendation A-73-31). 

6. Expedite the development and issuance of national standards 
for systems to provide protection from midair collisions so 
that the industry can proceed without further delay to develop 
and market economically viable hardware (Safety Recommendation A-73-32) 
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APPENDIX A 

INVESTIGATION AND HEARING 

1. Investigation 

The Safety Board received notification of this accident at approximately 
1232 e.d.t., June 29, 1972, from the Federal Aviation Administration. An 
Investigation team was dispatched immediately to the scene of the accident. 
Working groups were established for Operations, Air Traffic Control, Wit- 
nesses, Weather, Human Factors, Structures and Powerplants Systems and 
Maintenance Records, Flight Data Recorder, and Cockpit Voice Recorder. 
Parties to the Field Investigation included the Federal Aviation Administra- 
tion, North Central Airlines, Inc., Air Wisconsin Incorporated, Air Line 
Pilots Association, Northern Professional Pilot's Association, Detroit 
Diesel-Allison Division of the General Motors Corporation, and the 
DeHavilland Aircraft of Canada, Ltd. The on-scene investigation was 
completed on July 12, 1972. 

2. Hearing 

A public hearing was held at the Ramada Inn in Neenah, Wisconsin, from 
September 19 through September 20, 1972. Parties to the Hearing were: 
Federal Aviation Administration, North Central Airlines, Inc., Air Wisconsin 
Incorporated, Air Line Pilots Association, Northern Professional Pilot's 
Association, and Airline Transport Association. 

3. Preliminary Report 

A preliminary aircraft accident report summarizing the facts disclosed 
by the investigation was released by the Safety Board on August 30, 1972. 



APPENDIX B  

CREW INFORMATION 

A. N o r t h  C e n t r a l  A i r l i n e s ,  I n c .  

C a p t a i n  James T. C u z z o r t ,  a g e d  50 ,  was employed by  N o r t h  C e n t r a l  
A i r l i n e s  on J u n e  2 5 ,  1956. He h e l d  A i r l i n e  T r a n s p o r t  P i l o t  C e r t i f i c a t e  
(ATPC) No. 119046 w i t h  a i r c r a f t  m u l t i e n g i n e  l a n d  (AMEL), and  a i r c r a f t  
s i n g l e - e n g i n e  l a n d  (ASEL) r a t i n g s .  He was t y p e  r a t e d  i n  Douglas  DC-3, 
C o n v a i r  240/340/440,  and  A l l i s o n  Conva i r  340/440 (CV-580) a i r c r a f t .  
C a p t a i n  C u z z o r t  p o s s e s s e d  a f i r s t - c l a s s  m e d i c a l  c e r t i f i c a t e ,  d a t e d  
June  8 ,  1972,  w i t h  t h e  f o l l o w i n g  l i m i t a t i o n ,  "Holder  s h a l l  wear 
c o r r e c t i n g  g l a s s e s  w h i l e  e x e r c i s i n g  t h e  p r i v i l e g e s  o f  a i rman."  

He comple t ed  h i s  las t  p r o f i c i e n c y  check  J a n u a r y  2 1 ,  1972,  h i s  las t  
l i n e  check  March 22 ,  1972,  and  h i s  l a s t  r e c u r r e n t  g round  t r a i n i n g  
J a n u a r y  22 ,  1972. The c a p t a i n  had accumula t ed  1 5 , 6 8 8  h o u r s  f l y i n g  
t i m e ,  o f  wh ich  3 ,079  h o u r s  were  i n  CV-580 a i r c r a f t .  He had  been  up- 
g r a d e d  t o  c a p t a i n  on O c t o b e r  1, 1959. C a p t a i n  C u z z o r t  had  f lown 208 
h o u r s  d u r i n g  t h e  p r e v i o u s  90 d a y s ,  and  65  h o u r s  d u r i n g  t h e  p r e v i o u s  
30 days .  The c a p t a i n  had  a rest  p e r i o d  o f  8 h o u r s  19  m i n u t e s  b e f o r e  
r e p o r t i n g  f o r  d u t y .  At t h e  t i m e  o f  t h e  a c c i d e n t  he  had been  on d u t y  
4  h o u r s  25  m i n u t e s ,  o f  which  1 h o u r  was f l i g h t  t i m e .  

F i r s t  O f f i c e r  A l t o n  0. L a a b s ,  aged  31 ,  was employed by  N o r t h  C e n t r a l  
A i r l i n e s ,  I n c . ,  on May 2 2 ,  1972. He h e l d  ATPC No. 1763807 w i t h  a n  AMEL 
r a t i n g ,  and  commercia l  p r i v i l e g e s  i n  ASEL. F i r s t  O f f i c e r  Laabs  p o s s e s s e d  
a f i r s t - c l a s s  m e d i c a l  c e r t i f i c a t e ,  d a t e d  December 1, 1971 ,  w i t h  t h e  f o l l o w -  
i n g  l i m i t a t i o n ,  "Holder  s h a l l  wear  c o r r e c t i v e  l e n s e s  w h i l e  e x e r c i s i n g  t h e  
p r i v i l e g e s  o f  airman."  He had  accumula t ed  4 ,462  h o u r s '  f l y i n g  t i m e ,  o f  
wh ich  62 h o u r s  were  i n  A l l i s o n  Conva i r  340/440 (CV-580) t y p e  a i r c r a f t .  
He had  f lown 1 4 1  h o u r s  d u r i n g  t h e  p r e v i o u s  90  d a y s ,  and  47 h o u r s  d u r i n g  
t h e  p r e v i o u s  30  days .  He had  been  o f f  d u t y  i n  e x c e s s  o f  2 4  h o u r s  b e f o r e  
r e p o r t i n g  f o r  d u t y .  At t h e  t i m e  o f  t h e  a c c i d e n t ,  he  had  been  on d u t y  
2  h o u r s ,  o f  wh ich  1 0  m i n u t e s  were  f l i g h t  t ime .  

S t e w a r d e s s  F r a n c e s  M. Rabb,  aged  21 ,  was employed by  N o r t h  C e n t r a l  
A i r l i n e s  on A p r i l  28 ,  1972. Her company p h y s i c a l  o f  F e b r u a r y  2 1 ,  1972,  
c o n t a i n e d  no l i m i n a t i o n s .  

B. A i r  Wiscons in  I n c o r p o r a t e d  

C a p t a i n  David L. J acobs ,  aged  2 8 ,  was h i r e d  b y  A i r  Wiscons in  June  1 7 ,  
1968. The c a p t a i n  h e l d  a n  ATPC No. 1502284 w i t h  a n  AMEL r a t i n g ,  and  
commercia l  p r i v i l e g e s  i n  ASEL. He p o s s e s s e d  a  f i r s t - c l a s s  m e d i c a l  c e r t i -  
f i c a t e ,  d a t e d  A p r i l  28 ,  1972,  w i t h  no l i m i t a t i o n s .  He comple t ed  h i s  last  
two i n s t r u m e n t  c h e c k s  on  March 25,  1972,  and  September  13, 1971,  i n  Beech 
99 (BE99), and  DeHav i l l and  Twin O t t e r  (DHC-6) a i r c r a f t ,  r e s p e c t i v e l y .  He 



- 23 - APPENDIX B 

completed r e c u r r e n t  ground t r a i n i n g  on May 14 ,  1972. He had accumulated 
6 ,556 hou r s '  f l y i n g  t ime ,  o f  which 3,412 hours  were i n  DHC-6 a i r c r a f t .  
Captain  Jacobs had flown 256 hours  i n  t h e  p rev ious  90 days ,  and 8 3  hours  
du r ing  t h e  p rev ious  30 days. He had been f l y i n g  a s  c a p t a i n  w i t h  t h e  
company s i n c e  June 17 ,  1968. He had a  r e s t  pe r i od  of 10 hours  45 minutes  
b e f o r e  r e p o r t i n g  f o r  duty.  A t  t h e  t ime of t h e  a c c i d e n t ,  t h e  c a p t a i n  had 
been on du ty  approximately  1 3  hours  20 minutes ,  o f  which approximately  7  
hours  05 minutes  were f l i g h t  time. 

F i r s t  O f f i c e r  Michael J. Ga f f i n ,  aged 29, was h i r e d  by t h e  company 
A p r i l  1, 1969. He had an ATPC No. 1623126 w i t h  an AMEL r a t i n g ,  and 
cornmerial i n  ASEL. He possessed a  f i r s t - c l a s s  medical  
c e r t i f i c a t e ,  da t ed  Ju ly  12 ,  1971, w i t h  no l i m i t a t i o n s .  He had completed 
ins t rument  checks June 24, 1972, and June 31, 1971, i n  BE-99 and DHC-6 
a i r c r a f t ,  r e s p e c t i v e l y .  Recurrent  ground t r a i n i n g  had been completed 
May 7 ,  1972. F i r s t  O f f i c e r  Ga f f i n  had been p r ev ious ly  q u a l i f i e d  a s  
c a p t a i n  bu t  was unable  t o  f l y  i n  t h a t  c a p a c i t y  due t o  a  r educ t i on  i n  
f o r c e .  He was q u a l i f i e d  and c u r r e n t ,  however, t o  f l y  i n  t h e  l e f t  s e a t  
i n  accordance w i th  A i r  Wiscons in ' s  o p e r a t i n g  procedures .  He had accumu- 
l a t e d  4,309 hours '  f l y i n g  t ime,  o f  which 1 ,685  hours  were i n  t h e  DHC-6 
a i r c r a f t .  He had flown 254 hours  du r ing  t he  p rev ious  90 days ,  and 73 
hours  du r ing  t h e  p rev ious  30 days.  He had been o f f  duty i n  excess  of 24 
hours  p r i o r  t o  r e p o r t i n g  f o r  duty.  H i s  du ty  and f l i g h t  t imes f o r  t h i s  
s e r i e s  o f  f l i g h t s  were i d e n t i c a l  t o  t hose  of t h e  cap t a in .  
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AIRCRAFT INFORMATION 

APPENDIX C 

Both a i r c r a f t  involved were properly r eg i s t e red  and c e r t i f i c a t e d .  An 
inspec t ion  of t h e i r  records revealed the  following: 

Make 

Model 

R e g i s t r a t i o n  No. 

S e r i a l  Number 

Date of Manufacture 

To ta l  A i r c r a f t  Hours 

Make 

Model 

Engine No. 

1 

2 

NO. 1 

NO. 2 

P rope l l e r s  

Make 

Mode 1 

Date of Manufacture 

A i r c r a f t  

North Cent ra l  
A i r l i n e s ,  Inc. 

Convair 

Al l i son  Convair 3401440 

N90858 

83 

May 25, 1953 

45,905.2 

Engines 

Al l i son  

501-D-13 

S e r i a l  No. 

501-781 

501-763 

Hours Since Overhaul 

7,467 

7,555 

Aeroproducts 

A644 I F'N-606A 

Unknown 

A i r  Wisconsin 
Incorporated 

DHC-6 

Se r i e s  100 

N4043B 

13 

October 6, 1966 

15,664.8 

P r a t t  & Whitney 

PT6A-20 

S e r i a l  No. 

PCE-20909 

PCE-22205 

H a r t z e l l  

NCB3TN-3B 

Unknown 
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S e r i a l  Nos. 

N O .  1 

No. 2 1'1190 

Hours Since Overhaul 
or Reassembly 

No. 1 2 ,570 -0  

No. 2 3 ,403.9 
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North Central  Ai r l ines ,  Inc. 

Review of company maintenance records of N90858 indica ted  t h a t  a l l  
rou t ine  a i r c r a f t  inspect ions  had been properly conducted and recorded. A l l  
required s p e c i a l  inspect ions ,  and airworthiness d i r e c t i v e s  had been complied 
with on the  a i r c r a f t .  The a i r c r a f t  received a periodic check, C ,  on May 25, 
1972, and an intermediate check on June 25, 1972, a t  45,884.7 hours. The 
d a i l y  f l i g h t  log sheets  from January 1, 1972, t o  June 27, 1972, were reviewed 

f o r  discrepancies which might be r e l a t e d  t o  navigat ion,  cockpit  v i s i b i l i t y ,  o r  
increased cockpit workload. No pe r t inen t  discrepancies were noted. 

N90858 weighed 44,576 pounds a t  takeoff ,  which was below the  minimum 
alowable takeoff  gross weight of 53,600 pounds. The a i r c r a f t  had been loaded 
i n  accordance with the  company loading c h a r t ,  and the  center  of gravety (c.g.) 
was wi th in  prescribed l i m i t s .  The a i r c r a f t  was operated by North Central  
Ai r l ines ,  Inc . ,  and leased from Systems Capitol  A i r c r a f t ,  Inc . ,  who leased i t  
from the  Arlington Leasing Company, the  r eg i s t e red  owner. 

A i r  Wisconsin Incorporated 

Review of company maintenance records of N4043B revealed t h a t  a l l  rou t ine  
a i r c r a f t  inspect ions  had been properly conducted and recorded. A l l  required 
spec ia l  inspect ions  and airworthiness d i r e c t i v e s  had been complied with. The 
a i r c r a f t  had received a progressive inspect ion  on June 20, 1972, a t  15,587.8 
hours. The d a i l y  f l i g h t  log sheets  from January 1, 1972, through June 28, 1972, 
were reviewed f o r  discrepancies which might be r e l a t ed  t o  navigat ion,  cockpit 
v i s i b i l i t y  o r  increased cockpit workload. No per t inent  discrepancies were 
noted. 

N4043B weighed 8,704 pounds a t  takeoff .  This was below the  maximum allow- 
able  gross weight f o r  takeoff of 11,579 pounds. The center  of g rav i ty  was 
within the  prescribed l i m i t s .  The a i r c r a f t  was owned and operated by A i r  
Wisconsin Incorporated. 
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APPENDIX H 

SUImARY OF FAA FLAMING, EESEARCH, AND DEVELOPMENT OF THE 
COLLISION AVOIDANCE SYSTEM/PROXIMITY WARNING INDICATOR 

Program Sub- 
Element Program Title - -  

051 Proximity Warning Indicator 
(PWI) 

051 241 Visual Collision Prevention 
System 

052 Collision Avoidance System 
(CAS) 

052 241 Airborne Collision Avoidance 
System 

052 620 CAS Spectrum Engineering 

Objectives 
The objectives are to: 
1. Proceed towards a possible national standard for a 

Proximity Warning IndicatorlCollision Avoidance 
System (PWIICAS). 

2. Consider all PWI and CAS designs and test and 
evaluate those which have real promise. 

3. Conduct the advanced tests and preimplementation 
activities for the Air Transport Association's CAS. 

4. Conduct tests, electromagnetic compatibility anal- 
yses, and spectrum studies to ensure interference- 
free operation of the CAS. 

5. Prepare a progress report on the above activities for 
delivery to Congress. 

Discussion 
The Collision Avoidance SystemIProximity Warning 
Indicator Program includes the development of those 
aspects of trinsponder/interrogator and infrared (IR) 
technologies related to PWIICAS. An in-depth analysis 
of the Army's transponderlinterrogator technique is 
being undertaken. The National Aviation Facilities 
Experimental Center (NAFEC) flight test report on the 
National Aeronautics and Space Administration (NASA)- 
initiated IR techniques has defined where further work 
on 1R sensors and anticollision lights should be con- 
ducted. Other potential PWI concepts and technologies 
are uncertain at this time; however, efforts will continue 
to foster the development and evaluation of promising 
candidate systems. 

In regard to collision avoidance system development, 
the Air Transportation Association's (ATA) successful 
testing of the ATA airborne CAS based on time- 
frequency technology and the first NAFEC ATCICAS 
interaction simulations indicate that the system has the 
potential for meeting airline operational requirements 
with an acceptable ATC interaction price in today's 
heaviest traffic levels. Further analysis and simulation 
are required to determine whether air traffic control 
procedural andlor CAS logic changes will keep the 
interaction price within acceptable limits at future 
traffic levels and other conditions. 

The FAA has recently awarded a study contract to 
determine how many ATA time-frequency (T-F) ground 
stations would be required versus various levels of 
coverage, should such a system be implemented. Also, 
the FAA will soon award a contract forthe purchase, 
installation at NAFEC, and test of a complete T-F ground 
station and associated airborne equipment. Other CAS 
concepts such as those utilizing the ATCRBS or DABS 
are being studied and tested. The future CAS program is 
expected to be very dynamic and continually evolving 
because of the current rapid enhancement of the 
state-of-the-art in this field. 

FY 1973 Highlights 
1. A contractor was selected to deliver complete colli- 

sion avoidance systems for flight test and evaluation 
during FY 1973 and 1974 at the Naval Air Develop- 
ment Center (NADC). 

2. A contractor was selected for an analytical study to 
determine the number, location, and implementation 
priority of T-F CAS ground stations, should that 
method ultimately be selected. Completion is sched- 
uled for late 1973. 

FY 1974 Plans 
1. Contracts mentioned above under FY 1973 Highlights 

will becompleted and maximum use will be made 
of FAA-developed standard traffic models and other 
computer programs in evaluating candidate CAS 
systems. 

2. A development model T-F CAS ground station and 
associated airborne equipments will be delivered for 
test and evaluation at NAFEC. 

3. The NAFEC CASIATC interface and interaction 
simulations will be completed and the results 
evaluated and translated into impact on and/or 
changes to existing procedures. 
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