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Abstract: This report explains the crash on takeoff of Ryan International Airlines flight 590 
at Cleveland, Ohio, on February 17, 1991. The safety issues discussed in the report are 
the dissemination of information regarding precautions to be taken when operating in 
conditions conducive to airframe ice and the particular susceptibility of DC-9 series 10 
airplanes to control problems during takeoff when a minute amount of ice is on the wing. 
Recommendations concerning these issues were made to the Federal Aviation 
Administration. 
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EXECUTIVE SUMMARY 

About 0019, Sunday, February 17, 1991, Ryan International Airlines 
flight 590 (Ryan 590), a DC-9 series 10 airplane, crashed while taking off 
from Cleveland-Hopkins International Airport. The fl ightcrew consisted of 
two pilots. There were no other crewmembers or passengers on the flight, 
which was contracted to carry mail for the U.S. Postal Service. Both pilots 
were fatally injured, and the airplane was destroyed as a result of the 
accident. 

The National Transportation Safety Board determines that the 
probable cause of this accident was the failure of the flightcrew to detect 
and remove ice contamination on the airplane's wings, which was largely a 
result of a lack of appropriate response by the Federal Aviation 
Admini stration, Doug1 as Aircraft Company, and Ryan International Air1 ines to 
the known critical effect that a minute amount of contamination has on the 
stall characteristics of the DC-9 series 10 airplane.. The ice contamination 
led to wing stall and loss of control during the attempted takeoff. 

The safety issues discussed in this report include the 
dissemination of information regarding precautions to be taken when operating 
in conditions conducive to airframe ice and the particular susceptibility of 
DC-9 series 10 airplanes to control problems during take off when a minute 
amount of ice is on the wing. 
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1. FACTUAL INFORMATION 

1.1 History of the Flight 

About 0019, Sunday, February 17, 1991, Ryan International Airlines 
flight 590 (Ryan 590). a DC-9-15, crashed while taking off from 
Clevel and-Hopkins International Airport (CLE) . The fl ightcrew consisted of 
two pilots. There were no other crewmembers or passengers on the flight, 
which was contracted to carry mail for the U.S. Postal Service. Both pilots 
were fatally injured, and the airplane was destroyed as a result of the 
accident . 1  

Ryan 590, which was operating under 14 Code of Federal Regulations, 
Part 121, originated at Greater Buffalo International Airport (BUF), 
New York. The flight departed BUF on schedule at 2255, Saturday, 
February 16. After the stop at CLE, the flight had a proposed final 
destination of Indianapolis International Airport (IND), Indiana. 

About 2250, approximately 55 minutes before Ryan 590 landed at CLE, 
the flightcrew of Continental Airlines flight 8953, a DC-9, radioed a pilot 
report (PIREP) to CLE Approach Control. The flightcrew reported that they 
had encountered moderate turbulence and rime icing from 3,000 to 7,000 feet 
during climbout. CLE Approach Control passed the information contained in a 
second PIREP, not recorded by the National Weather Service (NUS), at 2329:58, 
to both Ryan 590 and to a Pan American Airlines flight that also had been 
monitoring that frequency. CLE Approach Control described the information as 
'two pilot reports moderate rime icing reported 7,000 feet on to the surface 
during the descent that was by a 727, and also moderate chop turbulence from 
4,000 feet on to the surface." The flightcrew of Ryan 590 acknowledged 
receiving this information as they were executing an instrument 1 anding 
system (ILS) approach to runway 23 left at CLE. 

Ryan 590 landed at CLE at 2344. The flightcrew taxied to the mail 
ramp so that mail could be transferred. Some of the mail from BUF was 
unloaded at CLE, and additional mail destined for IND was loaded aboard. The 
pilots reportedly remained in the cockpit during the stop at CLE. 

' u n l e s s  o t h e r w i s e  n o t e d ,  a l l  t i m e s  l i s t e d  a r e  l o c a l ,  e a s t e r n  s t a n d a r d  
t i m e ,  b a s e d  o n  t h e  2 4 - h o u r  c l o c k .  
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Snow, repo r ted  as dry and blowing, f e l l  throughout the 
approximately 35 minutes t h a t  Ryan 590 was on the ground a t  CLE. Neither 
Ryan 590 nor any o ther  f l i g h t  t h a t  took off from CLE dur ing  the evening o r  
ea r l y  morning hours of February 16-17, 1991, requested o r  received de i c i n  
service. Ten minutes a f te r  the accident, t he  temperature a t  CLE was 23 i! 
Fahrenheit (F), and the  dewpoint was 20Â F. 

The CLE a i r  t r a f f i c  cont ro l  (ATC) tower issued the departure 
clearance t o  Ryan 590 a t  0006:38. A t  0009:18, the f l  ightcrew asked f o r  t a x i  
clearance from "south cargo. " The ATC contro l  1 e r  issued the clearance and 
informed the f l i gh t c rew  t h a t  the l a s t  reported braking action, wh i ch  the 
f l ightcrew had described as " f a i r , "  was when Ryan 590 ar r ived.  Ryan 590 
tax ied f o r  takeo f f  on runway 23 l e f t  and, a t  0018:17, was cleared f o r  takeof f  
t o  " f l y  runway heading." 

Some witnesses described seeing the a i rp lane l i f t  o f f  from the 
runway, saying t h a t  a t  50 t o  100 feet above ground l e v e l  i t  r o l l e d  t o  the 
r i g h t ,  fo l lowed by a severe r o l l  t o  the l e f t ,  past t h e  90Â pos i t ion ,  and 
crashed. Other witnesses described the f i r s t  unusual movement as a s l i g h t  
r o l l  t o  the l e f t ,  fol lowed by a substant ia l  r o l l  t o  the r i g h t ,  w i t h  an 
increase i n  p i t c h  a t t i tude ,  and a more severe r o l l  t o  t he  l e f t  before impact. 

The tower c o n t r o l l e r  saw the r o l l  sequence d i f f e r e n t l y .  He stated 
t h a t  a f t e r  the a i rp lane ro tated and l i f t e d  o f f  a t  around 100 f e e t  a l t i t ude ,  
he saw it make a qu ick bank t o  the l e f t ,  fol lowed by a qu ick bank t o  the 
r i g h t .  He then observed a f i r e b a l l  come out  o f  the rea r  o f  t he  airplane. He 
stated t h a t  these act ions were " a l l  together, r e a l  quick," i n  t h a t  sequence. 
After the f i r e b a l l ,  he saw the airplane bank fa r the r  r i g h t  90Â° increase 
p i t c h  a t t i t ude ,  continue t o  r o l l  past the 90Â po in t  t o  an inver ted pos i t ion,  
and impact w i t h  the ground. 

About the t ime o f  the a t t i t u d e  changes, flames o r  "a f i r e  b a l l "  
were seen from the r e a r  o f  the airplane. Some witnesses saw flames coming 
from the l e f t  engine. 

The cockpi t  voice recorder (CVR) tape revealed t h a t  t he  captain 
made the fo l low ing  ca l l ou t s  during the takeo f f  sequence: "Vee one," a t  
0018:44; "rotate,"  a t  0018:45; "vee two," a t  0018:48; "p lus ten," a t  0018:49; 
and "pos i t i ve  rate," a t  0018:50.2 The captain then warned the f i r s t  o f f i ce r  
three times i n  quick succession t o  "watch out," beginning a t  0018:51 and 
ending about 1 second l a t e r .  A t  0018:52, immediately a f t e r  t he  l a s t  c a l l  t o  
"watch out," the CVR recorded sounds s i m i l a r  t o  engine compressor surges, 
and, a t  0018:53, the sounds o f  a s t i c k  shaker. The sound o f  t he  f i r s t  impact 
occurred a t  0018:57. 

The a i rp lane 's  l e f t  wing s t ruck the grass on t h e  r i g h t  s ide of the 
takeoff runway. A f t e r  1 eavi ng an approximate1 y 1,600-foot path of wreckage 
off the r i g h t  s ide o f  the runway, the a i rp lane came t o  res t ,  inverted, on the 
runway, about 6,500 f e e t  from the threshold. , . 

r e f e r e n c e  C V R  t r a n s c r i p t ,  a p p e n d i x  B. 



Airpor t  rescue and f i r e  f i g h t i n g  ARFF se rv ice  personnel a r r ived  
a t  t h e  a i r p l a n e  2 t o  3 minutes a f t e r  impact.\ Both p i l o t s  were found in t h e  
cockpit ,  f a t a l l y  in ju red .  Rescue personnel extinguished t h e  ground f i r e  and 
removed t h e  bodies o f  t h e  p i l o t s .  

The accident  occurred during t h e  hours of  darkness a t  41Â°24.3' and 
81Â°5 .5'W. 

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

Fliahtcrew Cabin Crew Passenaers Other Total 

Fatal  2 0 0 0 2 
Ser ious  0 0 0 0 0 
Mi nor 
None 
Total  

1.3 Damage t o  A i r c r a f t  

The a i r p l a n e  was destroyed in  t h e  crash  and postimpact f i r e .  The 
a i rp lane  was valued a t  around $4.062 mi 11 ion. 

1.4 Other Damage 

There was no other  property damage. 

1.5 Personnel Information 

1.5.1 The Captain 

The cap ta in  was born on October 8, 1946. He held an Ai r l ine  
Transport P i l o t  (ATP) c e r t i f i c a t e  f o r  a i rp lane ,  s ingle-engine and multiengine 
land,  and he was ra ted  i n  t h e  CE-500, DC-8,  DC-9, B-727, B-737, and B-747. 
He had accumulated approximately 10,505 t o t a l  f l i g h t  hours, of which 505 were 
in  t h e  DC-9 s e r i e s  10. In addi t ion ,  he flew t h e  DC-9-30 f o r  about 3 years  in  
the U.S. Air Force. 

According t o  records of t h e  Federal Aviation Administration (FAA), 
t h e  capta in  was sub jec t  t o  possible c e r t i f i c a t e  ac t ion f o r  a runway incursion 
incident  t h a t  he was involved in on November 4, 1989. According t o  t h e  
records,  he t ax ied  a DC-9 a i r c r a f t  onto a runway a t  Greater Cincinnati 
Airport  without c learance  and powered backwards o f f  the runway using 
powerplant revers ing systems t o  avoid c o n f l i c t  with an a i r c r a f t  t h a t  had 
i n i t i a t e d  takeoff .  Action was pending by t h e  FAA a t  t h e  time of t h e  accident  
t o  suspend h i s  ATP c e r t i f i c a t e  f o r  30 days. 

' l h e  c l o c k  t i m e  a t  t h e  A R F F  f a c i l i t y  was n o t  s y n c h r o n i z e d  w i t h  t h a t  o f  
t h e  a i r p o r t ' s  t o w e r .  The a r r i v a l  t i m e  o f  t h e  f i r s t  A R F F  v e h i c l e s  i s  
e s t i m a t e d .  



The captain received his  i n i t i a l  type r a t ing  in the DC-9 on 
August 24, 1989, and completed his  i n i t i a l  operating experience (IOE) On 
October 28, 1989. His l a s t  proficiency check was on January 16, 1991, and 
his  l a s t  l i n e  check was on August 9, 1990. His l a s t  recurrent  t ra ining was 
on July 19, 1990. 

The captain flew s i x  successive night f l i g h t s  on the BUF-CLE-IND 
and return route the week before the accident. The captain then flew another 
s ix  successive nights with the  same f i r s t  o f f icer  each night,  including the 
night of the accident. The captain had 1 day off before these l a s t  s ix  
f l i g h t s .  All of these f l i g h t s  were on the  same route, from BUF through C L E  
t o  IND, and return t o  BUF through CLE.  Each day during the 2-week duty 
period, the flightcrews stayed a t  the same hotel adjacent t o  BUF. The to ta l  
f l i g h t  time fo r  the s i x  successive nights,  which included the night of the 
accident f l i g h t  and the leg from BUF t o  C L E ,  was 19.6 hours.& 

1.5.2 The F i r s t  Officer 

The f i r s t  o f f icer  was born on October 8, 1962. He held an ATP 
c e r t i f i c a t e  fo r  airplane, multiengine land, and was rated in the  SD3, a 
Bri t i  sh-manufactured twin turbopropel 1 e r  airplane. He held commerci a1 
privileges f o r  airplane, single-engine land. 

The f i r s t  o f f icer ' s  records indicate t h a t  he had accumulated 
approximately 3,820 to ta l  f lying hours, of which 510 were in  the  DC-9. 
However, only about 30 hours were in the DC-9-10 with Ryan. 

The f i r s t  o f f i ce r  was a furloughed USAir f i r s t  o f f i c e r .  He 
received USAir's i n i t i a l  DC-9 ground school t ra ining on January 26, 1990. 
He completed h is  f l i g h t  t ra in ing  on February 13, 1990, and h i s  IOE on 
February 20, 1990. His experience a t  USAir was accrued in DC-9 ser ies  
30 airplanes.  

He joined Ryan on January 28, 1991, and completed 60 hours of 
ground school t ra ining on February 2, 1991, which s a t i s f i e d  the requirements 
for  both i n i t i a l  and recurrent ground school. He completed a proficiency 
check in the  DC-9 ser ies  10 airplane on February 8, 1991. 

His 7-day to t a l  number of f l i g h t  hours pr ior  t o  the  accident was 
19.6 hours. They were accumulated during s i x  successive nights ,  including 
the  night of the accident f l i g h t ,  accompanied by the  same captain on the 
same f l i g h t  schedule. Virtually a l l  of h i s  f l i g h t  time a t  Ryan was in the  
DC-9-10. 

1.5.3 Flightcrew Activity Prior t o  Accident Flight 

According t o  the a i r1  ine's records, the captain and f i r s t  o f f i ce r  
had flown together Monday night on a f l i g h t  from BUF through CLE t o  IND, 
returning through C L E ,  arriving a t  BUF about 0645 on Tuesday, February 11, 

~ e f e r e n c e  p e r s o n n e l  i n f o r m a t i o n ,  a p p e n d i x  C .  



1991. They f l e w  t h e  same t r i p  each n i g h t  u n t i l  t he  accident.  Witnesses 
i n d i c a t e d  t h a t  t h e  two f l i g h t  crewmembers appeared t o  ge t  along w e l l .  

A t  BUF, t h e  f l i g h t  crewmembers repor ted on duty and o f f  du ty  a t  the  
crew ho te l ,  adjacent  t o  t h e  a i r p o r t .  Witnesses reported t h a t  t h e  cap ta in  and 
f i r s t  o f f i c e r  spent most o f  t h e i r  o f f - d u t y  t ime a t  the  ho te l ,  o f t e n  working 
ou t  i n  t h e  af ternoons a t  a  nearby exerc ise club. 

Dur ing t h e  s i x  consecutive duty  days, the  p i l o t s  came on du ty  a t  
t h e  h o t e l  around 2145. They used a  FAX machine i n  t h e  h o t e l  t o  send 
paperwork t o  t h e  a i r l i n e .  They would walk o r  be d r i ven  i n  a  ho te l  van t o  
t h e i r  a i rp lane .  The a i rp lane  was parked about 1/4 m i l e  from t h e  ho te l .  

On t h e  morning before t h e  accident, t h e  f l i g h t c r e w  f l e w  t h e  r e t u r n  
f l i g h t  f rom IND through CLE, a r r i v i n g  a t  BUF about 0640. A van d r i v e r  f o r  
t h e  h o t e l  s t a t e d  t h a t  he drove the  captain and f i r s t  o f f i c e r  t o  t h e  l o c a l  
exerc ise  c l u b  about 1630 t h a t  afternoon. The gym was closed, and the  d r i v e r  
re tu rned  t h e  two p i l o t s  t o  the  ho te l .  The d r i v e r  s ta ted  t h a t  du r ing  t h e  
r e t u r n  r i d e  t o  t h e  h o t e l  t h e  two p i l o t s  t a l k e d  about " the  l i t t l e  sleep they 
get." The d r i v e r  s t a t e d  t h a t  t h e  capta in  had sa id  t h a t  he was going t o  bed 
as soon as he re tu rned  t o  the  ho te l .  Upon r e t u r n i n g  t o  t h e  ho te l ,  t h e  
cap ta in  r e t i r e d  t o  h i s  room. The f i r s t  o f f i c e r  telephoned h i s  f a t h e r  about 
1730. The conversat ion was described as normal. 

The cap ta in  received a  wakeup c a l l  a t  2145 and checked out  o f  t h e  
h o t e l  a t  2201. A f t e r  complet ing t h e i r  paperwork a t  the h o t e l ' s  FAX machine, 
t h e  two p i l o t s  departed. The ho te l  c l e r k  was " p r e t t y  sure" they walked t o  
t h e  a i rp lane .  The weather was character ized as c o l d  and windy w i thou t  snow. 
A mechanic f o r  t h e  a i r l i n e  met the  crew a t  t h e  a i rp lane.  He s t a t e d  t h a t  
no th ing  appeared unusual. He s a i d  t h a t  both crewmembers seemed rested.  The 
f l i g h t  f rom BUF t o  CLE was uneventful .  

I n  CLE, t h e  operat ions superv isor  f o r  Emery Worldwide, a  company 
cont rac ted w i t h  the  a i r l i n e ,  took paperwork t o  the  cockp i t  w h i l e  t h e  a i rp lane  
was on t h e  ground. He sa id  t h a t  t h e  crew remained i n  t h e  cockp i t .  The 
superv isor  s ta ted  t h a t  crewmembers normal ly  leave t h e  a i r p l a n e  f o r  a  
walkaround, o r  a t  l e a s t  t o  check the  outs ide cargo door l a t ch .  He described 
t h e  captain,  whom he met b r i e f l y ,  as q u i e t  and expressionless. 

1.5.4 Medical Factors 

1.5.4.1 General 

The CVR tape recorded several coughing episodes by a  crewmember 
j u s t  be fo re  t h e  accident .  

1.5.4.2 The Captain 

The cap ta in  he ld  a  v a l i d  f i r s t - c l a s s  medical c e r t i f i c a t e ,  dated 
October 1, 1990. No medical problems were noted. V is ion  and hear ing were 
both noted as normal, w i thout  cor rec t ion .  The medical examiner added t h e  
remark: "exce l len t  hea l th .  " 



According t o  h i s  family, the captain had been in excellent health,  
having no major changes in health in the past year. Witnesses s ta ted  tha t  
the captain exercised regularly,  did not smoke, and did not drink alcohol. 

Both the  a i r l i ne ' s  chief p i lo t  a t  IND, and the  d i rec tor  of hub 
operations a t  Dayton, Ohio, said tha t  the  captain might have suffered from a 
cold the week before the  accident. A hotel employee s t a t ed  tha t  t he  captain 
was coughing on the  evening of Saturday, February 16. The captain had bought 
cough drops before he departed on the accident t r i p .  However, th ree  other 
witnesses s ta ted tha t  t he  captain did not appear t o  have a cold. 

Following the accident, nonprescription cold medications were found 
in the captain's possessions in the cockpit. They were Actifed Plus 
tab le ts ,  Sudafed 12-hour sustained action nasal decongestant tab1 e t s ,  Hal 1 s 
throat  lozenges, and Vicks cough drops. 

According t o  an operations of f icer  a t  the a i r1  ine, crewmembers 
having appropriate medical documentation would receive s ick  1 eave and would 
be replaced without lo s s  of pay. 

1.5.4.3 The F i r s t  Officer 

The f i r s t  o f f i c e r  held a valid f i r s t - c l a s s  medical c e r t i f i c a t e ,  
dated September 13, 1990. No medical problems were noted. His vision and 
hearing were l i s t e d  as  normal, without correction. His fa ther  s ta ted  tha t  
the f i r s t  o f f icer  had no health problems and t h a t  no changes in h i s  health 
had occurred i n  recent months. According t o  witnesses, the f i r s t  o f f icer  
exercised regul ar l  y and drank a1 coho1 sparingly . 
1.6 Aircraf t  Information 

The airplane's takeoff gross weight of approximately 82,000 pounds 
and center of gravity posit ion were within l imits .  

The airplane's maintenance logs were examined f o r  trends,  f l i g h t  
control malfunctions, and inspection due dates.  No inspections were overdue, 
and no items were found tha t  affected the f l i g h t  of the  airplane. All 
appl icabl e airworthiness direct ives  (ADS) had been incorporated within the 
specified time periods. 

The airplane was powered by two Pra t t  and Whitney JT8D-7B engines. 
The DC-9 se r i e s  10 airplane does not have wing leading edge devices t o  
augment 1 i f t  during takeoff and landing. All l a t e r  models of the  DC-9 and 
MD-80 airplanes have leading edge s l a t s  t ha t  are extended f o r  take off and 
landing. 

Ice protection fo r  the DC-9 i s  provided f o r  the  following areas and 
components of the airplane: 

Wing and horizontal s tab i l  i ze r  leading edges; 

Engine nose cowls, guide vanes and bul le t s ;  



Cockpit windows and windshields; 

Pitot tubes, static ports, ram air temp probe; 

Stall warning lift transducers. 

Heated air is used for thermal anti-icing of the wing leading 
edges and horizontal stabilizer leading edges. The air is supplied by 8th 
stage engine bleed air and is supplemented as necessary by 13th stage 
high-pressure bleed air. This source maintains system duct temperature 
between 450 and 490Â F. A cross-over duct allows either engine to supply air 
to the system. Electrical resistance elements are used for all other 
anti-icing and deicing needs. 

The airplane circuitry is so arranged through the ground control 
relay, that when on the ground, before takeoff, airfoil ice protection can be 
selected but will not operate until the airplane lifts off. Inhibiting 
operation on the ground was a design requirement since, without airflow over 
the wing, the wing temperatures would exceed structural limits. 

Additional aircraft information is attached as appendix D. Company 
history provided by Ryan International Airlines is attached as appendix G. 
Aircraft information, relating to the aircraft takeoff performance is 
contained in section 1.17.1. 

1.7 Meteor01 ogical Information 

At 2220 on the evening of February 16, 1991, the surface weather 
map, prepared by the NWS, showed a low-pressure area centered over western 
Ontario, north of Lake Huron. A cold front extended southwestward from the 
low through the extreme northwestern portion of Lake Huron and northern Lake 
Michigan. The cold front turned from there west-southwestward from the low 
through central Wisconsin and along the Iowa-Minnesota border. The map also 
showed a warm front extending south-southeastward from the extreme 
northeastern portion of Iowa into central Illinois, then turning southward 
into the extreme southeastern portion of Missouri. There was a large high- 
pressure area centered over the extreme northeastern corner of Florida. 
Cleveland, Ohio, lay in a region in which the isobars were oriented southwest 
to northeast, within a relatively strong gradient between the low-pressure 
area over western Ontario and the high-pressure area over northeastern 
Florida. 

The following surface observations were taken by the NWS at CLE: 

Time--2350; type~record special; ceiling--indefinite, 
1,500 feet obscured; visibility--! mile variable; weather-- 
light snow; temperature--23O F; dewpoint--lgO F; wind-- 
220 degrees at 14 knots; altimeter--29.91 inches; remarks-- 
runway 5R visual range 6,000 feet plus, visibility 3/4 mile 
variable 1 1/2 miles. 

Time--0029; type--local; clouds--partial obscuration, 



Time--0029; type--local ; clouds--partial obscuration, 
2,000 feet scattered, ceiling measured 5,500 feet overcast; 
visibility 1 mile variable; weather--light snow; temperature-- 
23O F; dewpoint--20Â F; wind--220 degrees at 14 knots; 
altimeter--29.91 inches; remarks--runway 5R visual range 
6,000 feet plus, visibility 3/4 mile variable 1 1/2 miles, 
snow obscuring 3/10 sky (aircraft mishap). 

The following precipitation amounts were recorded at the NWS 
facility at CLE, February 16, and early February 17, 1991: 

To - Liauid Eauival ent w 
1845 0047 0.02 inch 0.7 inch 
Midnight 0047 0.01 inch 0.2 inch 
0047 0646 0.07 inch 1.4 inches 

The winds were recorded by a wind gust recorder at CLE, as follows: 

rn - To Estimated Averaae 

2330 2345 11 to 17 knots 14 knots 
2345 0000 10 to 17 knots 14 knots 
0000 0015 12 to 17 knots 14 knots 
0010 0030 10 to 15 knots 13 knots 

From 2200, February 16, until 0200, February 17, 1991, the runway 
visual range (RVR), measured at the approach end of runway 5 right at CLE, 
was 5,500 feet or greater. 

At 0031, February 17, 1991, the observation from the local weather 
radar reported Cleveland to be in the center of an area 150 miles in diameter 
with 6/10 coverage of snow. There was no movement of the weather area 
observed. The top of the precipitation was uniform, at 11,000 feet. 

The following PIREPs were reported about the time of the accident: 

Location--over Dayton, Ohio; time--2210, February 16; 
altitude--35,000 feet, type aircraft--C-141; sky--cloud bases 
unknown, tops 20,000 feet; temperature~negative 53O C; 
wind--300 degrees at 17 knots. 

Location--over Erie, Pennsylvania; time--2243; altitude-- 
50 feet; type aircraft--AC-69; turbulence--1 ight; remarks-- 
occasional moderate chop, runway 24 300 to 500 feet agl [above 
ground 1 evel ] pl us/minus 15 knots, low-1 evel windshear. 

Location--over Cleveland, Ohio; time--2250; altitude-- 
4,000 feet; type aircraft--DC-9; turbulence--moderate; icing-- 
rime; remarks--during climb 3,000 to 7,000 feet. 



The following a r e  pe r t inen t  excerpts  from t h e  Area Forecasts t h a t  
were issued by t h e  National Aviation Weather Advisory Unit, Kansas City,  
Missouri, Saturday, February 16, 1991, a t  2045, and va l id  beginning a t  2100: 

F l igh t  precautions f o r  Ohio: Icing and turbulence. 

This a rea  fo recas t  incorporates t h e  following AIRMETs (airman's 
meteorological information) s t i l l  i n  e f f e c t :  None. 

Icing and f reezing l eve l  va l id  u n t i l  February 17, a t  0900. 

From Grand Forks, North Dakota, t o  Green Bay, Wisconsin, t o  Saranac 
Lake, New York, t o  B r i s t o l ,  Tennessee, t o  Fort  Dodge, Iowa, t o  
Grand Forks, North Dakota: 

Occas ional  moderate rime i c ing  i n  clouds below 
10,000 f e e t .  Conditions continuing beyond 0400. 

Freezing 1 eve1 : Surface throughout. 

Turbu lence  and low- leve l  windshear  v a l i d  u n t i l  
February 17, a t  0400. 

From Caribou, Maine, t o  S t .  John, New Brunswick, t o  Norfolk, 
Virginia ,  t o  Atlanta,  Georgia, t o  Lake Charles, Louisiana, t o  
San Antonio, Texas, t o  Midland, Texas, t o  Wichita, Kansas, t o  
Sau l t  Sa in t  Marie, Michigan, t o  Caribou, Maine: 

Occas iona l  moderate turbulence below 8,000 f e e t .  
Conditions continuing beyond 0400. Low-Level windshear 
po ten t i a l  i n  moderate t o  strong low-level winds over t h e  
a rea  through 0400. 

S ign i f i can t  clouds and weather va l id  u n t i l  February 17, 
a t  0400. 

Lake Er ie  and Ohio: 

8,000 t o  10,000 f e e t  broken t o  overcast ,  layered t o  
15,000 f e e t .  After  2200, on February 16, becoming: 
3,000 t o  5,000 f e e t  broken t o  overcast ,  layered t o  
15,000 f e e t .  Widely s c a t t e r e d  overcast ,  layered t o  
15,000 f e e t .  Widely sca t t e red  v i s i b i l i t y  3 t o  5 miles i n  
l i g h t  snowshowers. 

The following amended terminal fo recas t  was issued by t h e  NWS 
Office,  a t  CLE: 

Issued: February 16, a t  2105 
Valid: From 2100, February 16, t o  2000, February 17 



Ceiling 1,000 feet obscured, visibility 1 mile in light 
snow and blowing snow, wind 220 degrees 20 knots gusting 
to 30 knots. Occasionally ceiling 2,000 feet overcast, 
visibility 4 miles in light snow. Low-level windshear. 
After 2300: ceiling 4,000 feet overcast, visibility 
5 miles in light snow, wind 210 degrees 18 knots gusting 
to 28 knots. Occasionally ceiling 2,000 feet overcast, 
visibility 2 miles in light snow and blowing snow. LOW- 
level windshear. After 0700: ceiling 4,500 feet 
overcast, wind 320 degrees 7 knots, chance of light 
snowshowers. After 1400: VFR. 

There were no SIGMETs, (significant meteor01 ogical information) 
convective SIGMETs, or AIRMETs valid at the time of the accident. 

There were no center weather advisories or meteorological impact 
statements issued by the Center Weather Service Unit at the CLE Air Route 
Traffic Control Center (ARTCC) valid at the time of the accident. 

The weather observer on duty at the NWS Forecast Office at CLE told 
the Safety Board that she came on duty at midnight on the day of the 
accident. She did not witness the accident. She stated that at midnight the 
intensity of the snowfall was somewhat variable, and starting to decrease. 
She noted that the snow was dry and not mixed with any other type of 
precipitation. At 0047, about 28 minutes after the accident, she reported a 
snow depth of 9 inches. She determined the depth by calculating the average 
of 10 measurements she took at that time. 

NWS data shows that the period of snowfall experienced at the time 
of the accident began at 2023, Saturday, February 16, 1991. It snowed 
continuously, through the time of the accident, until 1302, February 17. 
Prior to the snowfall commencing on February 16, the measured snow on the 
ground at CLE was also 9 inches. The lack of accumulation was due primarily 
to blowing snow. 

A low level wind shear alert system (LLWAS) is installed at the 
Cl eve1 and Hopkins International Airport and was in operation during the 1 ate 
evening and early morning hours of February 16. During the period from 
0018:20 to 0019:00, the approximate time that flight 590 was on the runway, 
the average center field (sensor No. 1) wind was 221Â true at 11.8 knots. 

1.8 Aids to Navigation 

There were no reported difficulties with aids to navigation. 

1.9 Communications 

There were no reported difficulties in communications between 
ATC, and Ryan 590. 

CLE, 



1.10 Aerodrome Informat i  on 

The runways a t  CLE were 5 r ight -23 l e f t ,  5 l e f t - 2 3  r i g h t ,  10-28, 
and 18-36. A t  the t ime o f  the accident, CLE had published ILS approaches t o  
runway 5 r i g h t ,  runway 23 l e f t ,  and runway 28. The a i rpo r t  a lso had an NDB 
(nondirectional beacon) approach t o  runway 23 l e f t .  

Runway 23 l e f t  was 785 fee t  msl (mean sea l eve l )  a t  i t s  approach 
end and 766 f e e t  msl a t  i t s  departure end. It was 8,998 fee t  long by 
150 fee t  wide. It had a grooved asphalt surface. 

Runway 5 l e f t - 2 3  r i g h t  was 7,095 fee t  long by 150 fee t  wide. 
Runway 10-28 was 6,015 feet long by 150 feet wide. Runway 18-36 was 
6,411 f e e t  long by 150 fee t  wide. 

An a i r p o r t  diagram i s  provided as f i gu re  1. 

1.11 Fl i ght Recorders 

A tape type CVR (Fa i rch i ld  model 100, ser ia l  number 1174) and a 
f l i g h t  data recorder (FOR) (Sundstrand Data Control Universal F l i g h t  Data 
Recorder, model UFDR-GOUS, se r i  a1 number 6538) were i n s t a l  l ed  and operating 
on Ryan 590 a t  the time o f  the accident. 

The CVR recorded about 32 minutes o f  sounds received through the 
cockpi t  intercommunications system ( I C S )  and cockpi t  area microphones. The 
CVR tape recording began a t  2347:06, w i th  the f l i g h t  i n  the process o f  
t a x i i n g  t o  the South Cargo mail  ramp a t  CLE. The tape stopped a t  0018:58, 
a f t e r  the f i r s t  impact but before the airplane came t o  res t .  The CVR 
t r ansc r i p t  i s  attached as appendix B. 

A Sound Spectrum Study o f  the CVR tape reveals t ha t  sounds 
associated w i t h  r o t a t i o n  o f  the engines' turb ine sections were i d e n t i f i e d  
once the engines accelerated t o  above 73 percent N2 (power turb ine speed) i n  
the takeo f f  r o l l  a t  0018:26.6. According t o  the study, the signatures 
increased t o  approximately 97 percent N2 but were not i d e n t i f i a b l e  a f t e r  
approximately 0018:50. 

The FDR recorded the fo l lowing parameters: 

a. A l t i t u d e  ( feet )  

b. Magnetic Heading (degrees) 

c. Computed Airspeed (knots I A S )  

d. Normal Acceleration (Gs) 

e. Microphone keying (on, o f f )  
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1.12 Wreckage and Impact In format ion 

1.12.1 General D e s c r i p t i o n  

A t  t h e  f i r s t  p o i n t  o f  impact i n  t h e  snow-covered grass t o  t h e  r i g h t  
o f  t h e  runway, t h e  ground scars were about 6 inches wide. They arched toward 
the  runway and ended a t  t h e  r i g h t  edge. Impact marks s t a r t e d  on t h e  r i g h t  
edge about 5,078 f e e t  from the  beginning o f  t h e  runway, and continued t o  the  
p o i n t  a t  which t h e  fuselage came t o  res t .  

The a i r p l a n e  came t o  r e s t ,  inver ted,  about 6,500 f e e t  from the  
beginning o f  t h e  t a k e o f f  runway. The land ing  gear remained extended. The 
l e f t  wing was destroyed. Fractured pieces o f  t h e  wing l a y  along an 
approximately 1,600-foot path o f  wreckage on t h e  snow-covered grass o f f  t h e  
r i g h t  s i d e  o f  t h e  runway and p a r a l l e l  t o  it. The l e f t  engine and f r a c t u r e d  
sect ions o f  t h e  engine's cowl ing l a y  near t h e  end of the  wreckage path, about 
700 f e e t  f rom t h e  fuselage. The r i g h t  wing and r i g h t  engine remained w i t h  
t h e  a i r p l a n e  and susta ined l i m i t e d  damage. 

The cockp i t  and t h e  sec t ion  o f  t h e  cab in  forward o f  t h e  f r o n t  wing 
spar were p a r t i a l l y  separated from the  remainder o f  t h e  fuselage, s t i l l  
attached by e l e c t r i c a l  cables, hyd rau l i c  1 ines  and f l i g h t  con t ro l s .  There 
was severe crush ing t o  t h e  top and upper l e f t  po r t i ons  o f  t h e  cockp i t  and 
forward f use1 age. 

There was res idua l  j e t  f u e l  and a s t rong odor o f  f u e l  i n  t h e  ground 
scars t o  t h e  r i g h t  o f  t h e  runway, near t h e  f rac tu red  sect ions  o f  the  l e f t  
wing . 

A f a i n t  scar, about 100 f e e t  long, was noted a t  a p o i n t  
approximatedly 3,440 f e e t  from t h e  beginning o f  the  runway. Examination o f  
the  bottom o f  t h e  t a i l  o f  t he  a i rp lane  revealed a worn o r  f l a t t e n e d  area on 
t h e  hard metal t iedown eye. The scar on t h e  runway was about 1/4 i nch  wide. 
The t iedown eye was about 1/4 i n c h  wide. The scar was found as some o f  t h e  
snow was me l t i ng  from t h e  runway, on t h e  day f o l l o w i n g  t h e  accident.  No 
m e t a l l i c  res idue was found i n  t h e  scar, and no wreckage from t h e  a i rp lane  was 
found i n  t h a t  area. 

1.12.2 Engines 

The damage t o  the  l e f t  engine's f a n  ind ica ted  h i g h  r o t o r  speed a t  
the  t ime  o f  impact. The fan was t o r n  rearward and t i l t e d  outward about 20Â° 
The No. 1 bear ing support was forced i n t o  a p o s i t i o n  forward o f  t h e  No. 1 
bearing. A l l  t h e  f i r s t - s t a g e  fan  blade a i r f o i l s  f o r  t h e  l e f t  engine were 
f r a c t u r e d  immedi ate1 y above t h e i r  blade platforms. The blade r o o t s  remained 
i n  t h e  fan  r o t o r  d i sk .  An examination o f  t h e  fan  blade a i r f o i l  f r a c t u r e s  
revealed o n l y  t e n s i l e  and shear overload separat ions i n d i c a t i v e  o f  impact 
damage. Twenty-six o f  t h e  fan blade a i r f o i l s  were lodged i n  t h e  engine i n l e t  
area. A l l  t h e  f i r s t - s t a g e  s t a t o r  vanes were dislodged from t h e i r  i n s t a l l e d  
pos i t i ons ,  and most o f  t h e  f i r s t - s t a g e  s t a t o r  assembly was crushed rearward. 



Five second-stage fan blade a i r f o i l s  on the  l e f t  engine were 
fractured above t h e i r  blade platforms. Most of the  remaining second-stage 
fan blade a i r f o i l s  were bent about 60Â in the direct ion opposite compressor 
rotor rotat ion.  

Mud was found heavily packed into the  upper portion of the  l e f t  
engine's fan i n l e t  area, especially i n  the top portion of the  i n l e t .  The mud 
extended through the third-stage compressor s t a t o r  vane area and into the 
secondary a i r  flow path of the outer fan duct. Mud deposits progressed 
through the fan discharge duct and terminated in the  engine's exhaust duct. 

The e n t i r e  outer skin of the l e f t  engine's f ron t  compressor fan 
case was found torn open between the f ront  and r ea r  mounting flanges. The 
en t i r e  circumference of the rear  compressor fan outer  case was fractured a t  
the rear  mounting flange. The r ight  engine was s t i l l  attached t o  the  a f t  
fuselage and exhibited l i t t l e  damage. 

1.12.3 Fuselage, Wings, and Empennage 

The cockpit sustained substantial  impact damage, especially on the 
upper l e f t  s ide.  The cockpit and forward fuselage, forward of the  forward 
wing spar, were twisted approximately 30Â t o  the  r igh t  r e l a t ive  t o  the 
position of the forward fuselage area. 

There was extensive damage t o  the in t e r io r  of the  airplane, some of 
which resulted from the crushing damage on the  top of the  fuselage. The 
floor tiedown system remained integral t o  the s t ruc ture ,  except in  the  area 
of the major cabin fracture,  immediately forward of t h e  f ron t  wing spar. 

The s i x  cargo containers remained subs tant ia l ly  in place, except 
for  the th i rd  container from the front ,  which was near the  fuselage fracture.  
Station number 1 had no container o r  bin b u t  was used f o r  open bulk loading. 
I t  did not contain any cargo on the accident takeoff.  Damage t o  the  forward 
cargo compartment and bins 2,  3, and 4 prevented an accurate determination of 
the weight of each bin. 

No indication of f ractures ,  other than those resul t ing from 
overload as a r e su l t  of impact, were found on the cargo door on the  l e f t  s ide 
the fuselage. The s i x  cargo door latches were locked and in place. 

Pieces of red lens material, of the type ins ta l led  on the 
airplane's l e f t  wing t i p  navigation l igh t ,  were found a t  t h e  i n i t i a l  point of 
impact (about 4,912 f e e t  from the beginning of the  takeoff runway and 
130 fee t  t o  the r ight  of the runway's center l ine) .  The fractured l e f t  wing 
t i p  was found near the i n i t i a l  point of impact. The outboard end of the wing 
t i p  was compressed, and there was no evidence of bending and scratches on the 
top and bottom surface areas. 

The ai leron,  f lap ,  and f l igh t  spoi le r  control surfaces,  actuators,  
and control cables were torn from the l e f t  wing as  the  wing disintegrated 
during the  ground impact sequence. These components were recovered in the 
wreckage found along the r ight  s ide of the takeoff runway. 



The l e f t  wing's f l aps  were to rn  from t h e i r  attachment points dur ing 
the impact sequence. The fractured f l a p  sections and the actuation 
mechanisms f o r  the l e f t  wing's f laps  exhib i ted no evidence o f  preimpact 
f a i l u re .  An impact mark i n  the f a i r i n g  between the l e f t  wing and the 
fuselage f a i r i n g  ind icated t h a t  the f laps were a t  approximately 20Â a t  the 
time o f  impact. 

The l e f t  wing's spoi lers  were recovered from the path o f  wreckage 
and examined. No evidence o f  preimpact separation o r  f a i l u r e  o f  the spo i le r  
system was found. The l e f t  wing's spo i le r  actuators were to rn  from t h e i r  
normal mounting po in t s  as a r e s u l t  o f  the impact sequence. The actuators 
were found w i t h  t h e i r  p istons retracted. The actuators were disassembled 
under the d i r e c t i o n  o f  the Safety Board, and examined f o r  impact marks. No 
impact marks were found. Both spo i le r  bypass operating valve handles were 
examined and found i n  the "ON" pos i t ion.  

The r i g h t  wing remained attached t o  the fuselage. The cont ro l  
surfaces were i n tac t ,  s t i l l  attached t o  the r i g h t  wing, and r e l a t i v e l y  
undamaged. The r i g h t  wing's a i le ron  cont ro l  and balance tabs indicated 
" r i g h t  wing down." The loss  o f  control  cable tension was traced t o  impact 
damage. 

The r i g h t  wing's f laps  were s t i l l  attached t o  the wing and were 
near ly i n  the re t rac ted  pos i t ion.  The wing was inverted a f t e r  impact, as was 
the fuselage. A breach i n  the hydraul ic system resu l t i ng  from impact damage 
allowed the unpressurized actuators t o  move t o  the re t racted pos i t ion  under 
the weight o f  the f l a p  structure.  

The r i g h t  wing's spoi lers  were s t i l l  attached t o  the wing, stowed 
i n  the down ( re t racted)  pos i t ion.  Both inboard and outboard spo i le r  
actuators were removed from the wing, disassembled under the d i rec t i on  o f  the 
Safety Board, and examined. No impact marks were found on the actuator 
cy l inder  bore o r  p is ton.  

The f l a p  bus cables tha t  interconnected the l e f t  and r i g h t  wing 
flaps were examined and found in tac t ,  despi te separation o f  the l e f t  wing 
from i t s  f l a p  system. 

The hor izonta l  s t a b i l i z e r  was in tac t ,  w i t h  minor damage t o  the 
surfaces and crushing damage t o  the l e f t  t i p .  The hor izontal  s t a b i l i z e r  and, 
t o  a greater  degree, the v e r t i c a l  s t a b i l i z e r  exh ib i ted postcrash f i r e  damage. 

Both jackscrew d r i ve  motors o f  the hor izontal  s t a b i l i z e r  t r i m  
system had separated as a r e s u l t  o f  ground impact. The followup and 
s t a b i l i z e r  pos i t i on  cables were also inoperable as a r e s u l t  o f  impact. 

The hor izonta l  s tab i l i ze r ' s  trimmed pos i t ion  was determined by 
measuring the system's jackscrew. Safety Board invest igators measured from 
the bottom surface o f  the upper stop o f  the assembly t o  the top o f  the 
jackscrew gimbal, a distance determined t o  be 5.5 inches. Twenty-one 
jackscrew threads were v i s i b l e  between these reference points. Extrapolat ing 



from the airplane manufacturer's engineering data,  these posit ions indicated 
a horizontal s t ab i l i ze r  se t t ing  of 3.4O, airplane nose up. 

All elevator hinge points were in t ac t ,  and a l l  pivot points were 
f r ee  t o  operate. Each of the four elevator control cables was movable in 
both direct ions.  

The vert ical  t a i l  s t ruc ture  was fractured midway between the 
fuse1 age and the horizontal s t a b i l i z e r  (T- t a i l ) .  The damage was consistent 
with crushing damage t o  the l e f t  horizontal s t a b i l i z e r  t i p .  The vertical  
t a i l  exhibited f i r e  damage, including an extensive amount of soot and some 
heat patterns tha t  appeared t o  be mainly ve r t i ca l ,  indicating a zero 
airspeed, postcrash f i r e .  

The rudder was attached t o  the  vert ical  s t a b i l i z e r  and was badly 
burned. The worst f i r e  damage was on the  lower rudder area,  nearest the 
tailcone f a i r ing  ( the lowest portion of the rudder was uppermost on the 
assembly as the fuselage lay inverted in the  f i r e  a f t e r  impact). All rudder 
hinge points were in t ac t  and f ree  t o  operate. The rudder power uni t  remained 
undamaged in i t s  ins ta l led  position. The rudder trim and load feel actuator 
were removed from the  wreckage by Safety Board systems investigators.  No 
anomalies were found. Rudder trim, as  determined by measuring the rudder 
trim actuator,  was found t o  be neutral .  The yaw damper actuator was removed 
from the wreckage and no preimpact damage was found. 

1.12.4 Flight Controls and Systems 

Safety Board investigators established tha t  there  was continuity of 
the  f l i g h t  control system and tha t  f rac tures  in the  system resulted from 
impact damage. The evidence did not indicate  control cable corrosion, 
fraying, or  v is ib le  wear on any control cable. Control cable tension and 
alignment with guides and r o l l e r s  remained a f t e r  the  accident, except in 
areas near the  fuselage fracture or  other  impact damage. 

The  f lap  position handle was damaged as  the  r e s u l t  of the  impact. 
The handle was approximately 3.5 inches forward of the a f t  end of the  s l o t  in 
the  pedestal assembly. The t r a i l i n g  edge of the  handle was found 
approximately 0.5 inch above the  30Â f l ap  detente. The f l a p  handle was in 
one piece bent toward the l e f t  s ide  of the cockpit. 

On the  impact-damaged instrument panel, the f l ap  position 
indicators read: 

Left-hand needle - 0 

Right-hand needle - Reversed off the  sca le  

Examination of the cockpit overhead panel found the  Emergency Power 
Switch - "OFF," and the Battery Switch - "OFF." The Airfoi l  Anti-Ice 
Switches were both "OFF." The Engine Heat Switches were both "ON." The a f t  
l e f t ,  center and r igh t  Fuel Boost Pump switches were in the  "ON" position; 



the forward left switch was "ON," and the center and right switches were 
"OFF." The Engine Fuel Heat switches were in the "OFF" position. 

Fuel remained in the airplane's right wing tanks throughout the 
impact. The postimpact ground fire was outside the fuselage, resulting from 
broken fuel lines. The remaining fuel leaked out of the wing onto the ground 
prior to removal of the wreckage. 

Both hydraulic reservoirs were empty. There was no exterior 
damage to either reservoir. Hydraulic fluid was leaking from fractured 
tubing and was trapped within actuator bodies. There was no evidence of 
preimpact contamination of fluids or preimpact heat distress in the hydraulic 
system. 

The high-pressure hydraulic accumulator for augmenting the elevator 
system was charged to 500 pounds per square inch (psi). The low-pressure 
accumulator was charged to 20 psi. All other hydraulic system accumulators 
indicated a charge of 1,000 psi. 

A11 three landing gears were found extended and locked, and the 
landing gear structure indicated no failures. There was no indication of 
overheat or excessive wear on the brakes. All the tires were inflated and 
undamaged. 

There were no anomalies in the airplane's electrical system and 
associated wiring. There was no evidence of burning, or arcing or other 
preimpact damage. The batteries were recovered intact in the wreckage. All 
the fire extinguishing containers were fully charged. 

There was no evidence of preimpact failure of the airplane's 
pneumatic system. The ducting was intact, except for areas near the left 
engine and cockpit that were damaged from the impact sequence. 

1.13 Medical and Pathological Information 

Autopsies of the two pilots revealed that they died of severe 
trauma to the head and upper abdomen. 

Toxicological testing of urine and blood samples of the two pilots 
was completed by the Cuyahoga County Coroner's Office. The samples were 
negative for alcohol, major drugs of abuse, and prescription and over-the- 
counter drugs. 

1.14 Fire 

There was a fire after impact. It was outside the fuselage and 
aft of the wing area. The most intense fire damage occurred in the area of 
the vertical stabilizer. There was no fire damage inside the fuselage, 
except for scorching on fiberglass insulation that was exposed to the 
outside through a hole in the fuselage made by the departing left engine. 



1.15 Survival Aspects 

The cockpit overhead, especially on the  l e f t  s ide,  was crushed in 
several areas. The resul t ing loss  of occupiable space made the  accident 
nonsurvi vabl e.  

1.16 Tests and Research 

1.16.1 Aircraf t  Performance 

The Safety Board conducted an a i rp l  ane performance study using 
recorded radar data,  CVR, and FOR information. The data  from the  various 
sources were correlated as a function of time by matching the  FOR microphone 
keying parameter t o  the  associated radio transmissions. Thus ,  indicated 
airspeed, pressure a l t i t ude ,  normal acceleration, and airplane heading a t  the 
time of spec i f ic  cockpit ac t iv i ty  could be' examined f o r  the  takeoff phase of 
the f l igh t .  The radar data began just before Ryan 590 took the  act ive runway 
and were used t o  confirm the s ta r t ing  point fo r  the takeoff and ground speeds 
during the takeoff r o l l .  Relevant sounds and dialogue from the  CVR were: 

0018:17.5 - TWR - Ryan f ive  ninety cleared f o r  takeoff f l y  ah 
runway heading 

0018:24.6 - CAM - ((sound of engines increase in speed)) 

0018:33.0 - CAM1 - engines are s tab i l ized ,  power's s e t  f o r  
departure. 

0018:37.5 - CAM1 - fue l ' s  even kind'a balanced. 

0018:39.4 - CAM1 - one hundred knots. 

0018:41.3 - CAM - ((sound l i k e  runway noise (banging)) 

0018:44.9 - CAM1 - Vee one. 

0018:45.9 - CAM1 - ro ta te .  

0018:48.3 - CAM1 - Vee two. 

0018:49.2 - CAM1 - plus ten. 

0018:50.4 - CAM1 - positive ra te .  

0018:51.2 - CAM1 - watch out. 

0018:51.7 - CAM1 - watch out. 

0018:52.1 - CAM1 - watch out. 

0018:52.3 - CAM - ((sounds similar t o  engine compressor surges 
s t a r t ) )  



0018:53.1 - CAM - ( 

0018:55.5 - CAM - ( 

0018:56.0 - CAM - ( 

(sound s i m i l a r  t o  s t i c k  shaker s t a r t s ) )  

(sound of engine compressor surges stop))  

(sound o f  s t i c k  shaker stops)) 

0018:56.78 - CAM - ((sound o f  f i r s t  impact ) )  

0018:56.82 - CAM - ((sound o f  second louder impact)) 

0018:57.6 - CAM - end o f  recording 

The r e s u l t i n g  c o r r e l a t i o n  o f  airspeed, pressure a1 t i  tude, normal 
accelerat ion,  and a i rp lane  heading as a funct ion o f  t h e  common t ime reference 
i s  shown i n  f igures  2 through 5 respec t i ve l y .  It i s  noted i n  f i g u r e  4 t h a t  
the  s c a t t e r  o f  t h e  normal acce lera t ion  values recorded on t h e  FOR made the  
data d i f f i c u l t  t o  i n t e r p r e t  and o f  1 i m i t e d  re1 i a b i l  i t y .  Consequently, a 
moving average technique was used t o  smooth t h i s  data. The r e s u l t i n g  normal 
acce lera t ion  p l o t  was considered as the best  one obtainable f o r  eva luat ion  o f  
the  a i rp lane 's  f l  i g h t  performance. 

The data f rom f i g u r e s  2 through 5 were evaluated t o  determine the  
path and d is tance t r a v e l l e d  by the  a i rp lane  as a f u n c t i o n  o f  the  var ious 
events t h a t  occurred from t h e  beginning o f  t h e  t a k e o f f  r o l l  t o  t h e  p o i n t  o f  
i n i t i a l  ground impact. The recorded airspeed values were converted t o  
groundspeed us ing t h e  headwind component determined from the  a i r p o r t  LLWAS 
wind measurement o f  11 knots. Both groundspeed and heading were in tegra ted 
t o  develop t h e  c o r r e l a t i o n  o f  a i rp lane  p o s i t i o n  and key events shown i n  
f i g u r e  6. 

The t ime  and the  runway p o s i t i o n  corresponding t o  1 i f t o f f  was 
determined from t h e  recorded a l t i t u d e  data. Previous s tud ies  and analyses o f  
FOR data obtained du r ing  f l i g h t  t e s t s  have shown t h a t  t h e  pressure measured 
by the  a i rp lane 's  s t a t i c  system i s  af fected by t h e  p rox im i t y  o f  t h e  ground 
dur ing  t h e  t a k e o f f  r o t a t i o n  and l i f t o f f .  

F igure  7 shows t h e  t y p i c a l  a l t i t u d e  and airspeed v a r i a t i o n s  from 
the  s t a r t  o f  t h e  t a k e o f f  r o l l  u n t i l  t h e  a i rp lane  leaves ground e f f e c t .  
Rota t ion  o f  an a i r p l a n e  du r ing  t a k e o f f  changes t h e  a i r f l o w  pat terns  across 
the s t a t i c  por ts ,  r e s u l t i n g  i n  a s t a t i c  pressure measurement t h a t  i s  h igher  
than the  ac tua l  s t a t i c  pressure. The d i f f e r e n c e  between the  measured and t h e  
actual  pressure i s  c a l l e d  t h e  s t a t i c  p o s i t i o n  e r r o r  and i s  apparent by 
corresponding e r r o r s  i n  t h e  recorded a l t i t u d e  and airspeed. On Figure 7, 
"de l ta  HI' and " d e l t a  V "  represent the  t r a n s i e n t  p o s i t i o n  e r r o r s  associated 
w i t h  ang le -o f -a t tack  (AOA) i n  ground e f f e c t .  The measured values o f  a1 t i t u d e  
and airspeed as recorded on an FOR decrease below actual  values du r ing  t h i s  
time, w i t h  1 i f t o f f  occur r ing  near the  bottom of t h e  a l t i t u d e  dip.  According 
t o  the  manufacturer, t h e  normal ind ica ted a l t i t u d e  d i p  t h a t  occurs du r ing  the  
t a k e o f f  r o t a t i o n  o f  a DC 9-10 a i rp lane  i s  about- 50 f e e t  (below f i e l d  
e levat ion) .  



RYAN AIRLINES DC-9-15 TAKEOFF ACCIDENT 

0018: 30 0018: 40 

Local Time (HM:S) 

Figure 2. --Indicated airspeeds versus time. 



COMPAR I SON OF ACC I DENT TAKEOFF 
TO THE PREVIOUS FOUR TAKEOFFS 
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Figure 3.--Altitude versus time. 



RYAN AIRLINES DC-9-15 TAKEOFF ACCIDENT 

0018: 30 0018: 40 

Local Time (HM:S) 

Figure 4.--Normal acceleration versus time. 
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RYAN A I R L I N E S  D C - 9 - 1 5  TAKEOFF ACCIDENT 

................................. < 

GROUND SCARS 1- 
.. Selected  Sounds  from t he  CUR: 

0018:58 (CAM 1 end o f  recording 
0018:57 (EM ((sound of  open microphone continues 

u n t i l  end o f  recording1 1 
0018:57 (CAM ) ((sound o f  second, loudw i q a c t  1)  
0018:57 (CM I ((sound o f  f i r s t  i r p a c t l l  
001856 (CAM I ((sound o f  s t i ck  shakw stops)) 
0018:56 (CAM 1 [(sound o f  engine coq .  511rge5 stops)) 
0018:53 (CAM 1 [(sound simi lar t o  st ick s h a h  s tar ts )  
0018:52 (CAN 1 ((sounds s imi lar  t o  mgine 

c o y r E s o r  s w q ~  s t a r t )  1 
001k52 (CAM11 watch out 
0018:52 (CAM11 w t c h  out 
001k51 (CAM11 w t c h  out 
0018:% (CAM11 pos i t i ve  r a t e  
0018:49 (CAM11 plus tm 
001fk48 (CAM11 Vee tw 

. 001k46 (CAM11 ro ta te  
8Blk45 (CAM11 Vee one 

....... ...... 
0 0 l k 4 1  (CAM ((sound like runnay noise (banging) I) 
0018:39 (CAM11 one hundrd knots 
0018:3R (CAM11 fue l 's  wen  kind'a ba lancd 
0018:33 (CAM11 engines stabi l ized, p o w  '5 set 
0018:31 (CAM11 okay a i r s p d ' s  a l i ve  
0018:25 (CAM I ((sound of  increasing engine s p d l )  
001k24 (TLR I wind tw t h r w  ZKO a t  one tw . 0018:21 ( R B I )  okay.. 
001klR (TR ryan f iw ninety  c l e a r d  for  t a k m f f  

I i 

Figure 6.--Ryan 590 sequence o f  events. 
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Figure 7 . - -A i r  data parameters during takeof f .  



The pressure altitude data plotted in figure 3 indicated an 
altitude dip to about 46 feet below field elevation which was typical for the 
takeoff rotation and liftoff maneuver. The bottom of the dip occurred at 
0018:50. The determination that liftoff occurred at 0018:50 is consistent 
with an increase in normal acceleration above 1 g and a corresponding 
"positive rate" call on the CVR. 

The recorded airspeed at 0018:50 was about 145 KIAS. Because the 
static pressure error at liftoff affects airspeed as well as altitude, it was 
determined that the actual liftoff airspeed was about 148 knots, 3 knots 
higher than the recorded value. 

The smoothed normal acceleration data showed that the maximum value 
reached during the flight was about 1.17 g. This value was attained shortly 
after liftoff. Sounds similar to compressor surges were heard on the CVR 
starting at 0018:52.3, when the normal acceleration was 1.08 g. The sound of 
a stick shaker stall warning commenced 0.8 seconds later. By this time, the 
normal acceleration had risen to 1.1 g but decreased sharply to 0.7 g at the 
time of impact. 

The recorded heading values, show that Ryan 590 abruptly turned to 
the left at 0018:52, about the same time that sounds of compressor surges and 
the stick shaker were heard on the CVR. The left turn continued until 
impact. 

The stall warning system on the DC 9-15 activates a stick shaker 
when the AOA increases to a specified margin below which aerodynamic stall of 
the wing occurs. Under normal conditions, the pilot will be warned by the 
control column vibration when the AOA corresponds to an airspeed about 1.1 
times the minimum stall speed (Vsmin) demonstrated in flight tests. The 
normal AOh for stall warning activation on the DC 9-15 is about 12O. Because 
the stall warning system is activated by transducers that sense AOA, the 
actual airspeed at which the stick shaker will activate depends on the 
instantaneous maneuvering load factor and any aerodynamic inefficiencies of 
the wing. Similarly, because the AOA at which aerodynamic stall occurs can 
be reduced by factors such as airfoil surface roughness or contamination, the 
airspeed margin between the onset of the warning and stall can be reduced or 
el iminated. Under such conditions, stall can occur abruptly and without 
warni ng . 

There is a 4-second "lockout'' period before the stall warning 
system is armed. This period begins when the nose strut oleo is fully 
extended. The purpose of the lockout is to prevent distraction from 
nuisance stick shaker activation during takeoff rotation. After the stall 
warning system is armed, it should activate instantly if required. It is 
assumed that the nose strut oleo extended 1 second after the captain called 
"rotate." Therefore, the stall warning system was armed at approximately 
0018:51 and activated 2 seconds later at around 150 knots indicated airspeed 
(KIAS) . 



The sounds of engine compressor surges that were heard on the CVR 
were consistent with approach to aerodynamic stall. Engine compressor surges 
were encountered during flight tests when the airplane was flown in a high 
AOA and/or in a wing stalled condition. The surges were attributed to the 
turbulent air at the engine inlet resulting from separation of the airflow 
over the wings. 

To provide a comparison of the takeoff performance of the accident 
aircraft, the manufacturer provided the theoretical takeoff and performance 
data for a DC 9-10 airplane weighing 82,250 pounds for a 20Â flap takeoff and 
the existing environmental conditions. 

The takeoff data confirmed Vl, Vr, and V2 speeds of 128, 132, and 
137 KIAS, respectively, and these speeds correspond closely with the accident 
flight recorded speeds at the times of the associated speed callouts on the 
CVR. Further, the theoretical performance data showed that Ryan 590 
accelerated normally and that the distance travelled from the start of the 
takeoff roll to reach the Vl and "rotate" speeds were nearly equal to the 
expected val ues. 

The theoretical performance data indicated that the airplane would 
be expected to liftoff at about 142 KIAS. The liftoff speed for Ryan 590 was 
about 6 knots higher. 

The manufacturer's data also showed that under the accident 
conditions, the airplane should have had more than 20 knots of stall margin 
at the time of liftoff. The theoretical minimum stall speed was 113 KIAS and 
the 1 g stall speed was 119 KIAS at 14O AOA. With 1 g normal acceleration, 
the airplane should have been capable of decelerating to 123 KIAS before 
stick shaker activation AOA (12O) was reached. 

The accident flight takeoff performance was also compared with the 
takeoff performance indicated by the FOR data during previous takeoffs of the 
accident aircraft. 

As the airplane transitioned to climbing flight on previous 
takeoffs, there was a buildup in normal acceleration, followed by a return to 
near 1 g values. A comparison of the accident takeoff to the previous four 
takeoffs is plotted in figure 8. Smoothed acceleration curves for the 
previous takeoffs were offset so that the beginning of each buildup coincides 
with that of the accident flight. All five takeoffs display an increase in 
normal acceleration early in the transition phase, except that the buildup 
in g values during the accident takeoff abruptly ended after reaching about 
1.17 g, and then decreased prematurely. On the previous flights, the 
positive normal accelerations were sustained for 3 to 5 seconds reaching peak 
values between 1.2 g and 1.3 g. 



COMPARISON O F  ACCIDENT TAKEOFF 
TO THE PREVIOUS FOUR TAKEOFFS 

1 SMOOTHED DATA 1 

+cle t o  i n d  f i t  
+ ind  t o  cle f i t  
+cle t o  b u t  f i t  
+buf t o  c le  f i t  
+accident f l  t 

Local Time (HM:S) 

Figure 8. --Normal acceleration data for previous takeoffs. 



1.17 Additional Information 

1.17.1 DC-9 Series 10 Takeoff Accidents Attributed t o  Wing Ice 
Contamination 

Between 1968 and 1987, there were four accidents involving DC-9 
series 10 airplanes in which there was a loss of control shortly after 
t a k e ~ f f . ~  In all cases, the investigation showed that the airplanes 
accelerated normally and reached airspeeds at which they should have been 
capable of establishing and sustaining a safe climb. Instead, all were 
observed to enter steep roll attitudes and descend to the ground. Also, in 
all of these accidents, witnesses reported, and the sounds on the CVRs 
confirmed, that engine compressor surges occurred as the airplanes descended. 

A11 of the accidents occurred in weather conditions that were 
conducive to the accumulation of ice or snow on the fuselage and aerodynamic 
surfaces. The Safety Board found that the cause of each of these accidents 
was an attempt to take off with some airfoil contamination that prevented the 
wings from producing the normal and required amount of lift. The Safety 
Board is not aware of any similar accidents involving later model DC-9 or 
MD-80 aircraft. 

1.17.2 Douglas' Actions Regarding Wing Contamination 

The accidents since 1968 have motivated the manufacturer to 
identify the performance penalties associated with wing contamination and 
issue educational material to operators of Douglas Aircraft Company aircraft 
regarding this hazard. During the 20-year span, at least 10 technical 
articles have appeared in magazines or in All Operators Letters that were 
distributed to the flight training departments of air carriers that were 
known to be currently operating DC-9 aircraft. Of the DC-9's currently 
operating in the United States, 74 carry passengers and 19 carry cargo. 

' A i r c r a f  t A c c i d e n t  R e p o r t - - I 1 O z a r k  A i r l i n e s ,  I n c . ,  M c D o n n e l l  D o u g l a s  
D C - 9 - 1 5 ,  N 9 7 4 Z .  S i o u x  C i t y  A i r p o r t ,  S i o u x  C i t y ,  I o w a ,  December  2 7 ,  1 9 6 8 "  
( N T S B / A A R - 7 0 / 2 0 )  

N T S B  F i e l d  I n v e s t i g a t i o n - - " T r a n s  W o r l d  A i r l i n e s ,  F l i g h t  505, 
I c D o n n e l l  ~ o u g l a s  D C - 9 - 1 0 ,  Newark  I n t e r n a t i o n a l  A i r p o r t ,  N e w a r k ,  New J e r s e y ,  
November  2 7 ,  1 9 7 8 . "  

NTSB F i e l d  I n v e s t i g a t i o n - - " A i r b o r n e  E x p r e s s ,  F l i g h t  1 2 5 ,  H c D o n n e l l  
D o u g l a s  D C - 9 - 1 5 ,  P h i l a d e l p h i a  I n t e r n a t i o n a l  A i r p o r t ,  P h i l a d e l p h i a ,  
P e n n s y l v a n i a ,  F e b r u a r y  5, 1 9 8 5 . i 1  

A i r c r a f t  A c c i d e n t  R e p o r t - - " C o n t i n e n t a l  A i r l i n e s ,  F l i g h t  1 7 1 3 ,  
M c D o n n e l l  D o u g l a s  D C - 9 - 1 4 ,  S t a p l e t o n  I n t e r n a t i o n a l  A i r p o r t ,  D e n v e r ,  C o l o r a d o ,  
November  1 5 ,  1 9 8 7 "  (NTSB/AAR-88 /09 )  



Outside the United States, 20 of the airplanes carry passengers and 4 of them 
carry cargo. 

The following paragraphs have been extracted from a technical paper 
prepared by the Deputy Chief Design Engineer, DC-9 Program. The paper, 
entitled, "The Effect of Wing Ice Contamination on Essential Flight 
Characteristics," was presented in 1988 and 1991: 

Contamination of critical aerodynamic surfaces by ice, frost, 
and/or snow has been identified as the probable cause of a 
significant number of aircraft accidents. In most cases, the 
ice contamination has not been large ice accretions on the 
leading edges or thick layers of adhering snow on the top of 
the wings. Rather, dangerous reductions in stall margins and 
hand1 ing qua1 it ies can occur because of i ce-re1 ated roughness 
equivalent to that of medium-grit sandpaper. 

The most predominant adverse effect of ice contamination is on 
the lifting characteristics of the wing. It may be recalled 
that wing lift coefficient varies with angle of attack,--- 
Under normal conditions, the airflow over a wing smoothly 
follows the shape of the wing, as shown in the lower 
photograph, and lift varies directly with the angle of 
attack. At some fairly high angle of attack, the airflow 
begins separating from the wing, causing the lift curve to 
become nonlinear, or "break." When the airflow is essentially 
f ul 1 y separated, - - - the wing is considered fully stalled. 
Between the point where the airflow begins separating and full 
stall is a region often called "stall onset," where flight 
characteristics become increasingly degraded as the angle of 
attack increases. 

The normal variation of lift with angle of attack can be 
significantly altered by ice contamination. --- The typical 
effect is to alter the variation of lift with angle of attack, 
reduce the maximum lift capability of the wing, and cause the 
wing to stall at a lower than normal angle of attack. As will 
be shown shortly, these effects can be quite large. 

For an airplane trimmed for takeoff, the stabilizer is set to 
balance the moments due to both aerodynamic forces and center 
of gravity location so that the stick force at climb-out speed 
ranges from none to a sl ight pull. This balance is upset by 
wing ice contamination, particularly on contemporary aircraft 
with tapered, swept wings. With contamination on the wings, 
the aircraft will increasingly behave as if it was mistrimmed 
in the airplane nose-up direction as the angle of attack is 
increased. This will result in the aircraft's pitching up 
more rapidly than normal during the takeoff rotation, and will 
require an abnormal push force to maintain the desired 
airspeed during climb. 



During a normal takeoff, the aircraft speed schedules are 
established for angles of attack below that for stall onset or 
activation of stall -warning devices dependent on angle of 
attack, such as a stick shaker (Figure 5a). However, for an 
airplane with ice contamination, not only does stall onset 
occur at a lower than normal angle of attack, the airplane 
angle of attack must be increased in order to produce the 
required 1 i ft at normal 1 y scheduled speeds. This compounding 
effect rapidly results in the aircraft's operating into the 
stall onset" part of the lift curve (described earlier), and 
the increasingly unsteady airflow over the wing results in 
corresponding1 y degraded 1 ateral stabi 1 ity, requiring 1 arger 
and larger control wheel inputs to keep the aircraft from 
rolling off. As the amount of contamination increases, the 
airplane becomes increasingly unstable, eventually stalling 
without stick shaker activation at speeds normally scheduled 
for takeoff. An All Operators Letter dated November 7, 1985, 
included the following information: 

There have been three takeoff accidents of DC-9 Series 10 
aircraft (two or which resulted in destroyed aircraft) in 
which the adverse effects of ice contamination on the wings is 
believed to have caused premature airframe stall at lower than 
normal angles of attack, accompanied by engine surging and/or 
compressor stalls of sufficient magnitude to result in thrust 
degradation. 

Douglas test data shows that when stalls were performed at 
high altitudes, where Mach number effects resulted in the 
stalls occurring at about 3-1/2 degrees lower angle of attack 
than at low altitude, engine compressor stalls, occurred, with 
accompanying momentary decreases in EPR and N. These results 
suggest the possibility that stalling the DC-9 Series 10 at 
lower than normal angles of attack, such as will occur when 
the wings are contaminated with ice, can result in degraded 
engine operating characteristics. The cause is suspected to 
be engine ingestion of the low energy wake, from the stalled 
wing, that passes over the nacelle inlets at normal stall 
angles, but which enters the inlet at abnormally low stall 
angles. This hypothesis seems to be supported by the reported 
engine behavior in the three accidents. 

Ice accumulation on the wing upper surface is very difficult 
to detect. It cannot be seen from ahead of the wing during 
walkaround, and the slats may not feel particularly cold. It 
may not be detectable from the cabin because it is clear and 
wing surface details show through, and it is very difficult to 
see from behind the wing, particularly if the wing is wet. 

On March 21, 1991, following the accident of Ryan 590, Douglas 
issued another letter to the operators of DC-9 airplanes describing the 
icing hazard. The letter is contained in appendix E. 
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1.17.3 Ryan International Air1 ines' Procedures 

1.17.3.1 Normal DC-9 Takeoff Procedures 

The Ryan International DC-9 Operations Manual contained the 
following procedures for DC-9 takeoff: 

After the initial alignment, the Captain will release the 
nosewheel steering and the Pilot flying will revert to rudder 
pedal steering. Apply forward column pressure as necessary to 
retain good steering and a smooth riding nosewheel. DO NOT 
'WALK" RUDDER during the takeoff roll. 

NOTE : - During takeoff, especially on wet or slushy runways, the 
forward column pressure should be reduced to minimum by 
approximately 70 KTS (start of tire hydroplaning). This will 
decrease the possibility of water ingestion and, compressor 
stall, and help rotation to be smoother at VR. 

At 100 KTS the Pilot Not Flying will call out "100" and at the 
computed speeds will call out "Vl . " "ROTATE. " 
Under the balanced runway length concept, an abort a Vl will 
require every foot of the remaining runway. Anything less 
than a maximum effort throughout the entire stopping attempt 
will result in running off the end of the ruway. Barring an 
actual engine failure (prior to Vl), the aircraft has a 
greater capability to successfully continue the takeoff than 
to stop. Serious consideration should always be given to 
continuing the takeoff rather than aborting at high speeds 
where abnormal conditions other than engine failure are 
encountered prior to reaching Vl. 

NOTE: - The decision to abort is always SCD (Subject to Captain's 
Discretion). U rejected takeoffs U be done by the 
Captain, except in case of Captain incapacitation. 

At the call of "ROTATE," the Pilot Flying will initiate a 
smooth, steady up elevator movement requiring a positive pull 
force and a five-second interval to rotate to an approximate 
15O pitch attitude. 

If speed command information is available, it should be used 
to provide a target V2 attitude for V2 airspeed. Because of 
various overspeed schedules, a minimum of V2 airspeed must be 
maintained to assure obstacle clearance. Some computers will 
command greater attitudes than 15O for -10 aircraft. 

NOTE : - If aircraft does not rotate after a greater than normal 
elevator back pressure is applied, use NOSE UP TRIM to effect 
rotation. 



CAUTION: Early or over-rotation can cause the tail to strike the 
runway. 

With a POSITIVE RATE of climb indicated on the altimeter, the 
Pilot Not Flvinq will then call "Gear UD,." and the landing 
gear handle will be raised to the up position by the Pilot Not 
Flvinq. Check that the red landing gear UNSAFE Lights and the 
amber gear door OPEN Lights are out. Continue climb to 1000' 
AFL (Above Field Level) at MINIMUM V2 AIRSPEED, MAXIMUM PITCH 
ATTITUDE 15O, accepting an airspeed greater than V2 when it 
occurs. No turns to be made below 400' feet AGL. Above 
400 feet AFL maximum bank angle is 15O dirty or clean until 
reaching BSEC (Best Single Engine Climb) speed, and then 
maximum bank angle of 30Â thereafter. 

1.17.3.2 Procedures and Guidance for use of Anti-ice and Deice Equipment 
Infl ight 

The airline's DC-9 Operations Manual provided cold weather 
operating guidance/information for pilots in the Limitations, Normal 
Procedures, Supplemental Procedures sections, and in Operating Notices (which 
were required to be entered in the front of the manual until the information 
was incorporated in the appropriate manual text). The Limitations 
information included maximum and minimum temperatures for the takeoff, en 
route and landing phases of flight, which were not exceeded in this 
operation. It also contained a prohibition against takeoff with more than 
1/2 inch of standing water or slush, and imposed the requirement for . ..chine tires [shaped for deflection of precipitation] or nose wheel spray 
deflectors." Reduced Thrust Takeoffs were prohibited on contaminated 
runways, and with Engine Anti-ice on. The Ice and Rain Protection System 
Limits were established, as follows: 

AIRFOIL ANTI-ICE/DEICE 

For takeoff and intial climb below 800 feet AGL: Airfoil 
Anti-Ice/Deice must be OFF. 

During takeoff when airfoil ice protection becomes effective, 
the drop in EPR (engine pressure ratio) should not be 
recovered. 

ENGINE ANTI-ICE 

Engine Anti-ice shall be turned ON for taxi, takeoff and 
initial climb when the outside air temperature is 6OC (4ZÂ°F 
or less and ANY of the following conditions exist: 

- Visible moisture is present. 

- Icing conditions exist or are anticipated. 



- Ambient air temperature and dewpoint are within 5OF of 
each other. 

NOTE* -- Fog is considered visible moisture when it restricts 
visibility to one mile or less. 

MAX RAM AIR TEMPERATURE (RAT) for use of Engine Anti-Ice: 

On the Grd/Takeoff +1Q (m) 
When setting Takeoff Power with ambient temperatures 
below (50Â°F) EPR loss due to engine anti-ice 
shoul d be recovered. 

When operating at maximum continuous, max climb, or max 
cruise limits, EPR loss due to engine anti-ice and/or 
airfoil ice protection should NOT be recovered. 

ENGINE & WING ANTI-ICE 

Minimum N1 for Engine and Wing Anti-Ice System Operations: 

Severe Icing: - 70% 

Moderate Icing: - 55% 

Occasionally Increased to: - 70% 

The Normal Procedures section of the DC-9 Operations Manual 
contains Anti -icing Procedures, in part, as follows: 

Anti-icing Procedures 

Engine/AIRFOIL ANTI-ICE should be used in flight when icing 
conditions are anticipated or encountered. Always pl ace 
IGNition switch to A or B position before turning ENGine ANTI- 
ICE switches ON. For optimum life of the ignition system, 
alternate between the A and B positions approximately every 
10 minutes. 

If either engine is unspooled in icing conditions for 
10 minutes, the throttles should be advanced until the surge 
bleeds are closed and stabilized for 30 seconds. 

Use AIRFOIL anti-ice system in flight if airframe icing 
conditions are anticipated or encountered but not until 
800 feet AFL or above during takeoff. 

For TAIL de-ice momentarily push TAIL de-ice button after each 
icing encounter at approximately 20 minute intervals in 
continuing icing conditions, at the start o f  a long instrument 
approach in icing conditions, and, again, approximately 



1 minute prior to extension of 30Â or 50Â FLAPS and slowing to 
1.3 Vs speed. For normal approach this would be just prior to 
landing gear extension. 

Additional guidance for in-flight operations in icing conditions is 
contained in the airlines' training manual, in part, as follows: 

General 

It is difficult to establish a standard technique for the use 
of anti-ice, however, the following are general guidelines: 

Position ENGINE START switches to FLIGHT before turning on 
engine anti-ice. 

If engine anti-ice is to be used during takeoff, turn it on as 
soon as practical after engine start. Use engine anti-ice 
when taxiing in blowing or loose snow. 

When flying in stratified clouds at higher cruise altitudes, 
icing is rarely encountered at temperatures below freezing and 
anti-ice should not be required, however, it must be kept in 
mind that under certain conditions, stratus clouds over or 
near large bodies of water or vertically developed clouds may 
contain sufficient quantities of super cooled water to require 
the use of anti-ice at temperatures well below freezing. 
Cloud density and temperature should be considered in your 
decision to use anti-ice. 

When descending through clouds with a TAT of 5OC or below, 
consideration should be given to the use of engine anti-ice. 

Wina Anti-Ice 

Cloud density and temperature should also be considered in 
your decision to use wing anti-ice. You should also monitor 
the windshield wiper pivot screws for ice accumulation. 

Â¥T reduce exposure to ice buildup on the flaps, it is 
recommended that in icing condition not more than flaps 5 be 
used until nearing the final approach fix. 

If an approach is made in icing conditions or there is slush 
or loose snow on the airport, the flaps should not be 
retracted to less than 25 after landing. The airplane should 
be inspected and deiced if necessary prior to further flap 
retraction or the next takeoff. 

1.17.3.3 Departures In Icing Conditions 

The Normal Procedures section of the airline's DC-9 Flight Manual 
contains reference to aircraft preflight inspections, as follows: 



Aircraft Inspection 

An aircraft inspection will be made at origination stations, 
overnights, or when resuming interrupted fl ights when the 
airplane has been left unattended for an extended period of 
time. Such checks are made to determine any unreported damage 
which could in any way render the aircraft unairworthy. Items 
requiring maintenance shall only be corrected by RYAN INTL. 
personnel or their designated representatives. 

Exterior Inspection 

The exterior portion of the inspection will be accomplished by 
the First Officer. While checking the listed items, note the 
general condition and appearance of the aircraft for 
indications of defects or improper installation of required 
equipment. 

The airline's DC-9 Flight Manual provides a detailed description of 
the standard pattern to follow, with specific items to be inspected. 

The air1 ine's director of hub operations told Safety Board 
investigators that the airline's pol icy has always been for a member of the 
flightcrew to perform a walkaround inspection of the airplane before each 
flight. The B-727 Operations Bulletin 90.3, Before Flight and Quick 
Turnaround Responsibilities, Second Officer Duties, contained the following 
in part: 

He will then monitor the cargo on/off operation from outside 
the aircraft, noting that the cargo door sill protectors are 
in place, and will perform a brief aircraft exterior 
inspection. On 727-200 aircraft the S/0 will install the 
Cargo Loading Body Support (tail stand) if the aircraft is to 
be loaded or offloaded of cargo. 

Similar duties had not formally been incorporated in the DC-9 
flight manual because of the longstanding practice of complying with this 
requirement. The director emphasized that the walkaround requirement was 
especially important when there was a possibility of ice on the wing. 

The company issued Operations Bulletin 89.4, DC-9 Winter 
Operations, on November 15, 1989. It was required to be placed in the front 
of the DC-9 Flight Manual and contained the following: 

DC-9 WINTER OPERATIONS 

GENERAL 

During the winter season low temperatures and accumulations of 
water, rain, ice, snow, slush and frost on either the aircraft 
or airport surface can make operations difficult, hazardous or 



impossible. It is, therefore, very important for all 
crewmembers to be alert to existing and anticipated weather 
conditions, both on the ground and in the air. 

PREFLIGHT 

The aircraft preflight is of utmost importance. All control 
surfaces must be free of ice, snow, or frost. Associated 
hinges, tracks, and actuators should be checked for trapped 
moisture which could freeze. 

Careful 1 y inspect fuse1 age where 1 ights and antennas are 
located, which may have been damaged or missing following de- 
icing procedures. 

Check landing gear wheel well areas for accumulation of ice, 
slush, or snow; control cables, moving parts, position 
indicating switches and limit switches are of particular 
concern. 

All snow must be removed from the nose radome area to prevent 
snow from blowing back and obscuring pilots' vision during 
takeoff. 

Windshield heat must be on for at least 10 minutes prior to 
de-icing, to prevent the windshield from cracking should hot 
de-icing fluid inadvertently be sprayed directly on it. 

1.17.3.4 Actions Following the Accident 

Following the accident the company issued Operations Bulletin 91.2 
takeoff Pitch Limitation on March 6, 1991: 

Until further notice the maximum pitch attitude during takeoff 
will be limited to a 15O deck angle. The rate of rotation 
should be smooth (NOT GREATER THAN 3O PER SECOND) and 
consistent. The lSO limitation may require an initial climb 
greater than V2+10 to obstacle clearance altitude at the lower 
takeoff weights. 

In the event of an engine failure or excessive rotation, stop 
the rotation at the engine-out attitude of approximately 110. 
If you have rotated past the engine-out attitude, smoothly 
return to the engine-out pitch attitude. (Note pitch attitude 
varies with takeoff gross weight). Know your engine-out 
attitude prior to takeoff roll. 

Reducing the deck angle if higher than the engine-out attitude 
will help stabilize the aircraft and prevent roll and 
compressor stalling. DO NOT OVER CONTROL roll with ailerons. 
CONTROL YAW WITH RUDDER. The engine-out attitude is not 



restricted to the engine-out situation. It should be used to 
help stabilize the aircraft when: 

- Engine failure occurs 

- Mistrim occurs 

- Improper CG 

- and may be considered when encountering icing, 
turbulence, heavy precipitation. 

On March 11, 1991 they issued Operation Bulletin 91.3 Aircraft 
Wal karounds : 

Aircraft shall be inspected at each intermediate stop 
(walkaround). This responsibility rests with the Captain, who 
may delegate the First Officer to perform the inspection. NO 
AIRCRAFT SHALL DEPART AN INTERMEDIATE STOP WITHOUT THE 
WALKAROUND BEING COMPLETED. 

The inspection shall cover: 

- Bird Strikes 

- Hydraulic Leaks 

- Condition of Tire and Brakes 

- Wingcontamination 

- Condition of Wing Leading Edges 

- Flaps, Flight Control Surfaces, etc. 

When weather conditions exist that may cause wing 
contamination, the leading edge and upper surface shall be 
inspected. A ladder has been provided for this purpose. NO 
AIRCRAFT may depart any station with any wing or tail 
contamination. If in doubt, DE-ICE! 

On May 31, 1991, a Cold Weather Operation section was incorporated 
in the Normal Procedures section of the DC-9 Operations Manual. The content 
of this addition is essentially the same as the Douglas All Operators Letter 
that was issued November 7, 1985. 



1.17.4 Federal Aviation Regulations Relevant to Operation In Icing 
Conditions 

The following paragraphs have been extracted from Title 14 Code of 
Federal Regulations: 

Part 91 - General Operating and Flight Rules: Paragraph 
91.209 Operating in icing conditions 

(a) No pilot may take off an airplane that has- 

(1) Frost, snow, or ice adhering to any propeller, 
windshield, or power-plant installation, or to an 
airspeed, altimeter, rate of climb, or flight 
attitude instrument system; 

(2) Snow or ice adhering to the wings, or stabilizing or 
control surfaces; or 

(3) Any frost adhering to the wings, or stabilizing or 
control surfaces, unless that frost has been 
polished to make it smooth. 

Part 121 - Air Carriers: Certification and Operations: 
Paragraph 121.629 Operation in icing conditions 

(a) No person may dispatch or release an aircraft, continue 
to operate an aircraft en route, or land an aircraft when 
in the opinion of the pilot in command or aircraft 
dispatcher (domestic and flag air carriers only), icing 
conditions are expected or met that might adversely 
affect the safety of the flight. 

(b) No person may take off an aircraft when frost, snow, or 
ice is adhering to the wings, control surfaces, or 
propellers of the aircraft. 

In December 1982, following several icing-related takeoff accidents 
involving transport-category and general aviation airplanes, the FAA 
provided extensive guidance on wing contamination in its 37-page Advisory 
Circular (AC) 20-117. In essence, the AC reaffirms the necessity of 
adherence to the "clean airplane concept" in flight operations. The AC 
states that the only way to ensure that an airplane is free from surface 
contaminants is through close visual inspection before it actually takes off. 
According to the circular, the many variables affecting ice formation 
(AC 20-117 lists 13 significant ones) preclude a pilot from (a) assuming that 
his airplane is clean simply because certain precautions have been taken or 
certain ambient conditions exist, and (b) assuming his airplane is clean 
simply because he is within a certain arbitrary timeframe between the last 
inspection of the airplane and takeoff. 



1.17.5 Previous Safety Board Actions 

As a consequence of investigating several accidents involving 
airframe icing, the Safety Board has been attentive to the hazards of winter 
operations. The Safety Board has totally supported the "clean wing" concept 
that an aircraft's aerodynamic surfaces must be free of ice or snow 
contamination before departure. 

Following the Air Florida B-737 accident of January 
Safety Board recommended on January 28, 1982, that the FAA: 

A-82-7 

13, 1982,6 the 

Immedi ate1 y review the predeparture deicing procedures used by 
all air carrier operators engaged in cold weather operations 
and the information provided to flightcrews to emphasize the 
inabil ity of deicing fluid to protect against reicing 
resulting from precipitation following deicing. 

In response, the FAA immediately transmitted the recommendation to 
all air carriers. Later that year, the FAA requested that each principal 
operations inspector actively review each air carrier's manuals and guidance 
on cold weather operations. The standards for this review included pertinent 
FARs , advisory circulars, and air carrri er operati on and maintenance 
bulletins. 

Following the Continental Airlines DC-9-14 accident of November 15, 
1987, the Safety Board issued nine safety recommendations to the FAA, two of 
which specifically addressed icing problems associated with the DC-9 series 
10 airplanes. These were: 

Until such time that guidelines for detecting upper wing 
surface icing can be incorporated into the airplane flight 
manual, issue an Air Carrier Operations Bulletin directing all 
Principal Operatings Inspectors to require that all McDonnell 
DC-9-10 series operators anti-ice airplanes with maximum 
effective strength glycol solution when icing conditions 
exist. 

A-88-136 
Require all DC-9-10 series operators to establ ish detailed 
procedures for detecting upper wing ice before takeoff. 

A i r c r a f t  A c c i d e n t  R e p o r t - - " A i r  F l o r i d a ,  I n c . ,  B o e i n g  737-222, N 6 2 A F ,  
C o l l i s i o n  w i t h  1 4 t h  S t r e e t  B r i d g e ,  N e a r  W a s h i n g t o n  N a t i o n a l  A i r p o r t ,  
W a s h i n g t o n ,  D . C . ,  ~ a n u a r y  13, 1 9 8 2 "  ( N T s B / A A R - ~ ~ / O ~ )  



The FAA responded to both of these safety recommendations in a 
January 30, 1989 letter. In response to Safety Recommendation A-88-134, the 
FAA stated: 

. ..On January 1, 1988, the FAA issued Action Notice 8300.34, 
"Aircraft Deicing Procedures," to bring the contents of 
Advisory Circular (AC) 20-117, "Hazards Following Ground 
Deicing and Operations in Conditions Conducive to Aircraft 
Icing," to the attention of operations and maintenance 
inspectors ... The FAA also issued Air Carrier Operations 
Bulletin No. 7-81-1, "Aircraft Deicing and Anti-icing 
Procedures," requesting that each Principal Operations 
Inspector become familiar with AC 20-117 and provide a copy of 
AC 20-117 to each of their certificate holders. 

In response to Safety Recommendation A-88-136, the FAA stated: 

The FAA does not agree with this recommendation and does not 
plan to require that DC-9-10 operators establish special ice 
inspection procedures for the DC-9-10 aircraft. The FAA does 
not believe that there is anything unique about the DC-9-10 
series aircraft (including the absence of slats) that would 
warrant special ice detection procedures. It is a well-known 
fact that any ice, snow, or frost adhering to wings, 
propellers, or control surfaces can cause a degradation of 
aircraft performance and aircraft fl ight characteristics, the 
magnitude of which may be significant and unpredictable. It 
appears that, in the case of this accident, the flightcrew did 
not follow procedures in the flight operations manual with 
respect to the visual inspection of the aircraft ... 
The Safety Board did not reply to the FAA regarding its response to 

these safety recommendations as there was an effort underway to update the 
Board's position regarding the effects of structural icing on transport 
category aircraft. While that effort was being carried out, this latest DC-9 
accident occurred. A further discussion of the Safety Board's current 
concerns regarding the icing hazard is included in the analysis of this 
report. 
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2.0 ANALYSIS 

2.1 General 

In the analysis of this accident, the Safety Board evaluated the 
roles of the environment, the airplane, and individuals and organizations 
involved in the manufacture, regulation, and operation of the airplane. 

The captain and first officer were certificated and qualified for 
their respective positions in accordance with company standards and Federal 
regulations. The evidence indicated that the first officer was controlling 
the airplane and that the captain was performing the nonflying pilot duties 
during the takeoff. There is no evidence that the flightcrew had adverse 
medical hi stories, and the analysis of toxicological specimens obtained from 
the captain and the first officer did not detect any alcohol or other drugs. 
The possibility that the flightcrew's performance was affected by fatigue is 
considered in this analysis. 

The airplane was certificated, equipped, and maintained in 
accordance with FAA regulations and company procedures. The weight and 
balance were within the prescribed limits for the takeoff, and the evidence 
from the wreckage examination confirmed that the trim and flaps were properly 
set for the takeoff conditions. 

The investigation disclosed no evidence of any preexisting faults 
in the airplane's structure, systems, or engines that contributed to the 
accident. The engine compressor surges that were noted by witnesses and 
evident on the CVR during the attempted takeoff occurred as the airplane's 
stall warning stick shaker sounded. Flight tests previously conducted by the 
manufacturer and the investigation of other DC-9-10 takeoff accidents have 
shown that engine compressor surges do occur when the airplane is flown into 
a stall AOA condition. The surges are attributed to the resulting disruption 
of air flow aft of the airplane's wing at the engine inlet. The Safety Board 
thus concluded that the compressor surges were an effect of disrupted airflow 
and were not causal in this accident. 

The meteorological information for the time of the accident did not 
indicate any significant changes in wind speed or direction in the Cleveland 
area. The airport gust recorder confirmed that the wind speeds ranged from 
10 to 17 knots (averaging 14 knots) during the hour in which the accident 
occurred. Consequently, the Safety Board concluded that windshear was not a 
factor in the airplane's takeoff performance. 

The abrupt decrease in the airplane's normal acceleration, the 
entry of the airplane into a steep roll attitude, the sounding of the stall 
warning stick shaker, and the occurrence of engine compressor surges at an 
airspeed 27 knots above the theoretical stall speed for the given conditions 
clearly indicate that the aerodynamic 1 ift-producing capability of the wings 
was degraded. There are several possible reasons for a loss of aerodynamic 
efficiency, such as an improper takeoff configuration, extension of wing 
spoilers, and contamination or roughness of the airfoil surface. Because the 
evidence did not support either an improper takeoff configuration or an 



extension of wing spoilers, the analysis of this accident was focused on the 
possibility that some amount of ice or frozen snow was present on the wing 
leading edge or upper surface and that this contamination affected the 
airplane's flight characteristics. 

2.2 Meteor01 ogical Conditions and Airframe Ice 

The surface conditions at CLE were not necessarily conducive to 
accumulations of airframe ice because of the relatively low ambient 
temperature and the relatively dry snow. However, the airplane did fly 
through moderate rime icing during its descent for landing at CLE. Because 
the CVR began recording after the airplane landed at CLE, the Safety Board 
cannot determine if the fl ightcrew discussed the use of anti -ice protection 
during the descent. 

However, the flightcrew had received ample weather information, 
including a PIREP, about icing conditions around CLE during the approach, so 
they should have selected both wing and engine icing protection during the 
descent for landing. In fact, there is reference on the CVR to use of these 
systems while the airplane was on the ground at CLE. The Safety Board 
concludes that the flightcrew most likely selected the system "on." Further, 
there was no evidence to suggest that the anti-ice system was inoperative. 

The Safety Board considered the possibility that the pilots did use 
the wing anti-ice system during the descent and that moisture may have run 
aft of the heated wing surface and refrozen on the upper wing surface. 
However, information from the manufacturer indicates that the high 
temperatures (350Â F or 177O C) of the heated wing surface would vaporize any 
liquid moisture on the wing and that the "runback" was unlikely. 
Nevertheless, this possibility cannot be ruled out. 

The Safety Board be1 ieves that the most likely possibility of 
explaining the formation of ice on the wing surface is that the flightcrew 
used the wing anti-ice system during the approach and that the falling dry 
snow melted and refroze while the airplane was on the ground at CLE. The 
Safety Board believes that this scenario is possible because the wing would 
be "hot" upon touchdown (when the air/ground relay deactivates the anti-ice 
system automatically) and the blowing dry snow can melt on the wing and 
refreeze, as the wing temperature cools to below freezing. 

2.3 Effect o f  Ice or Snow Contamination on Airplane Performance 

The airplane' s performance profile, which was developed during the 
investigation, and witness observations indicate that the takeoff roll and 
acceleration were normal until the airplane was rotated and lifted off the 
ground. The data showed that liftoff occurred at a slightly higher-than- 
normal airspeed and that the airplane began to climb. However, when reaching 
an altitude of 100 feet or less, the airplane rolled steeply. Although the 
tower controller reported seeing the airplane roll to the right and strike 
the ground in a nearly inverted attitude, the majority of witnesses and the 
physical evidence support a finding that the airplane's left wing struck the 
ground first. 



Four previous accidents  have been inves t iga ted  by t h e  Safe ty  Board 
i n  which i t  was determined t h a t  DC-9 S e r i e s  10 a i r p l a n e s  have encountered 
near ly  iden t i ca l  f l i g h t  control  d i f f i c u l t i e s  during t akeof f  i n  condit ions 
conducive t o  t h e  accumulation of wing a i r f o i l  i c e  contamination. 

The inves t igat ion of t h i s  accident  provides s u b s t a n t i a l  evidence 
t h a t  the rapid r o l l  and descent  a f t e r  l i f t o f f  were t h e  r e s u l t  of  an 
aerodynamic s t a l l .  As in  t h e  previous accidents ,  t h e  a i r p l a n e  was ab le  t o  
1 i f t  off and climb i n i t i a l l y  because of  the inf luence  o f  ground e f f e c t  on t h e  
aerodynamic c h a r a c t e r i s t i c s  of  t h e  wing. When an a i r p l a n e  i s  c l o s e  t o  t h e  
ground plane,  t h e  d i r e c t i o n  of  a i r f low over the wing i s  a l t e r e d .  The r e s u l t  
i s  t h a t  t h e  wing will produce more l i f t  a t  t h e  same a i r speed  and AOA than i t  
will when t h e  a i rp lane  is  in f r e e  a i r .  This enhanced aerodynamic performance 
diminishes a s  t h e  a i rp lane  climbs and becomes almost n e g l i g i b l e  a t  a height  
equal t o  t h e  a i rp lane ' s  wingspan, a d i s t a n c e  of  87 f e e t  f o r  t h e  DC-9-15. 

Generally, an a i rp lane ' s  r o t a t i o n  speed i s  s e l e c t e d  so t h a t ,  with a 
normal r a t e  of  r o t a t i o n ,  the  a i r p l a n e  will 1 i f t  o f f  a t  a speed t h a t  o f f e r s  a 
s a f e  margin above t h e  s t a l l  speed. In t h i s  case,  the f i r s t  o f f i c e r  ro ta ted  
t h e  a i r p l a n e  a t  t h e  proper airspeed (132 knots) t o  ensure t h i s  s t a l l  margin. 
Normally, t h e  a i rp lane  would have become a i rborne  2 o r  3 seconds l a t e r  a t  an 
a i rspeed of about 142 knots, providing more than 20 knots of s t a l l  speed 
margin. However, t h e  FOR d a t a  showed t h a t  Ryan 590 l i f t e d  o f f  about 
4 seconds a f t e r  t h e  "Rotate" c a l l  and, assuming t h a t  t h e  f i r s t  o f f i c e r  
r o t a t e d  t h e  a i rp lane  smoothly a t  around 30 per second i n  accordance with t h e  
Ryan Operators Manual, t h e  a i rp lane  was probably a t  a higher-than-normal 
p i t ch  a t t i t u d e  with a correspondingly higher-than-normal AOA of  lo0 o r  
g r e a t e r  before  i t  became a i rborne .  

Because t h e r e  was a f a i n t  s c a r  on t h e  runway sur face  about 
3,440 f e e t  from t h e  beginning of t h e  runway and an i n d i c a t i o n  t h a t  t h e  t a i l  
skid o f  t h e  a i rp lane  had a t  some time been in con tac t  wi th  a hard surface ,  
t h e  Safe ty  Board considered t h e  p o s s i b i l i t y  of a t a i l  s t r i k e  occurring durin 
t h e  t a k e o f f ,  thereby placing t h e  a i r p l a n e  a t  an AOA o f  even more than 10 8 
before o r  a t  l i f t o f f .  According t o  t h e  manufacturer, t o  s t r i k e  t h e  t a i l  with 
t h e  wheels on t h e  ground, t h e  a i r p l a n e  would have t o  be r o t a t e d  t o  a nose-up 
a t t i t u d e  between 11.5O and 15.5O depending upon t h e  extens ion of  t h e  main 
gear  s t r u t s .  The Board bel ieves  t h a t  i t  is un l ike ly  t h a t  t h e  a i rp lane  
reached a 15O a t t i t u d e  before 1 i f t o f f  because of o t h e r  e v i d e n c e ~ t h e  time 
d i s t ance  study ind ica t ing  t h a t  t h e  a i r p l a n e  was a i rborne  before t h e  
3,400 foo t  d i s t ance  mark and t h e  delay  in  t h e  s t i c k  shaker a c t i v a t i o n  f o r  
about 2 seconds a f t e r  i t  would have been armed. This de lay  i n  a c t i v a t i o n  
would not have occurred i f  t h e  a i r p l a n e  had been a t  a 12O o r  higher AOA a t  
l i f t o f f .  Further evidence i s  provided by t h e  magnitude of  t h e  "dip" in  
a l t i t u d e  on t h e  FOR da ta ,  which is  c o n s i s t e n t  w i t h  a normal r o t a t i o n  r a t e  t o  
t h e  l i f t o f f  a t t i t u d e .  Nonetheless, t h e  occurrence of  a t a i l  s t r i k e  during an 
attempted takeoff  with wing contamination could e a s i l y  occur using normal 
p i l o t  r o t a t i o n  procedures a t  proper a i rspeeds  i f  t h e  1 i f t o f f  i s  delayed 
because of  degraded aerodynamic performance of  t h e  wing. 

The aerodynamic performance degradation notwithstanding,  t h e  
a i r p l a n e  reached a combination o f  a i rspeed and AOA a t  which a v e r t i c a l  1 i f t  



was developed that exceeded the airplane's gross weight. However, on the 
previous takeoffs of this airplane, the FOR data showed that a positive 
(greater than 1.0 g) normal acceleration was sustained for about 5 seconds 
with peak values between 1.2 and 1.3 g as the airplane transitioned to the 
climbing flightpath. In contrast, on the accident flight, the normal 
acceleration abruptly decreased after only 2 seconds, reaching a maximum of 
about 1.17 g. At the same time, the captain called "Watch Out" and, 1 second 
later, the airplane's heading deviated abruptly to the left and the engine 
compressor surges began. The Safety Board believes that this combination of 
events is consistent with an abrupt and unsymmetrical aerodynamic stall of 
the wings as the airplane reached a height where it lost the aerodynamic 
performance advantage of ground effect. 

The start of the stick shaker 1 second after the stall indicates 
that the stall occurred at an AOA of about lZO and an airspeed of about 
150 knots. Under normal conditions, with this combination of AOA and 
airspeed, the airplane should have been developing a normal acceleration 
(or load factor) greater than 1.4 g. Therefore, the Safety Board concludes 
that the lift coefficient for the wing of the accident airplane was nearly 
30 percent less than the theoretical lift coefficient for a DC-9-series 10 
wing. This degradation in aerodynamic performance is consistent with the 
performance decrement caused by minute amounts of contamination as cited by 
the manufacturer in several technical articles. According to the 
manufacturer, a wing upper surface contamination that is only .014 inch 
thick, about equal to the roughness of 80-grade sandpaper, can produce a 
25-percent loss of wing lift. Therefore, the Safety Board concludes that the 
decrement in the aerodynamic lift-producing ability of the accident airplane 
was caused by an ice or snow accumulation on the wing that may have been less 
than .02 inch thick and barely perceptible from visual observation. 

2.4 Fl i ghtcrew Performance and Guidance Provided by Operator 

Ryan International Airlines acquired the DC-9 in 1989 and was 
reportedly not aware of the accident history or related documentation 
concerning the series 10 airplane vulnerability to control loss during 
takeoff with minute amounts of contamination on the wing. A wealth of 
information on the subject has been developed by McDonnell Douglas dating as 
far back as January, 1969. However, it is unlikely that the Douglas 
publications or All Operator Letters were sent to Ryan because, at the time 
of distribution, the company did not operate Douglas aircraft. 
Consequently, no specific information regarding the DC-9 icing hi story or 
special precautions relating to ground deicing was given to line pilots who 
were ultimately responsible for the safe operation of the aircraft. 

The DC-9 Operations Manuals were basically developed by Ryan from 
the airplanes' previous owner's Operations Manuals, and certain purported 
Ryan practices were not incorporated into them. The requirement to conduct 
an exterior inspection of the airplane at intermediate stops was one of those 
practices not incorporated. In fact, the preflight inspection requirement in 
the Ryan DC-9 manual clearly indicated that exterior inspections were 
required only on originating flights or after the airplane had been left 
unattended. In contrast, the Ryan Operations Manual for the B-727 specified 



that an exterior inspection was required before each flight and assigned the 
conduct of the inspection to the second officer. 

Following the accident, when Ryan discovered the DC-9 accident 
history and icing data, as well as the oversight regarding walk around 
inspections at intermediate stops, the company published Operations Bulletin 
91.3 which includes the following guidance: 

When weather conditions exist that may cause wing 
contamination, the 1 eading edge and upper surface shall be 
inspected. A ladder has been provided for this purpose. NO 
AIRCRAFT may depart any station with any wing or tail 
contamination. If in doubt, DE-ICE!  

The Safety Board concludes, from the observations of witnesses, 
that neither of the flightcrew members exited the airplane to conduct a walk 
around inspection or a close observation of the wing surface. Further, the 
Safety Board concludes that the flightcrew did not violate written Ryan 
policy on this subject. The flightcrew may have observed the wing leading 
edge from the cargo loading door or the cockpit windows. However, in the 
existing lighting condition and from that distance, the detection of a 
critical, but minute, amount of ice would have been unlikely if not 
impossible. 

The flightcrew may have been influenced by several factors in their 
decision to remain in the airplane. First, they may have believed that the 
air was too cold to contain liquid water that could freeze and stick to the 
wing surface~the ambient temperature was 23OF and the 14-knot wind was 
blowing dry snow off of other objects visible to the crew. Little 
information is available regarding the possibility of ice forming during the 
me1 ting/cooldown period following the deactivation of wing anti -ice systems 
after landing. Second, the Safety Board noted that both crewmembers' 
experience prior to flying with Ryan was in DC-9 series 30 aircraft. The 
captain flew the C-9 in the U. S. Air Force, and the first officer flew the 
DC-9-30 and DC-9-50 at USAir. Because these models have leading edge 
devices, they are not as vulnerable as the DC-9 series 10 airplane to 
critical performance degradation from small amounts of wing contamination. 
Therefore, even if the captain or first officer had encountered similar 
weather conditions prior to flying with Ryan, they most likely would not have 
encountered control problems and their concerns about the hazard of wing ice 
contamination would probably have been lessened. 

Another consideration bearing on the crew's attention to the 
possibility of ice is the lack of de-icing activity by other operators. 
De-icing equipment had been standing by for approximately 1-1/2 hours and was 
immediately available. There was no evidence of fiscal or schedule pressures 
by the airline that would have discouraged the crew from using that 
equipment. 

The Safety Board also considered the possibility that fatigue 
influenced the pi1 ots' judgment during the ground operations at CLE and 
their decision not to conduct an exterior preflight inspection of the 



airplane. The flightcrew had flown the same nighttime schedule for 6 days, 
including the night of the accident, between BUF and IND with an intermediate 
stop each way in CLE. The captain had flown six successive night flights on 
the same BUF-CLE-IND and return route the week before the accident. He had 
1 day off between the two periods of duty. The six flights, averaging about 
3.8 hours each night, did not exceed FAA maximum flight time limitations; 
however, the captain's schedule had recently increased from the routine of 
flying for 5 days, followed by 9 days off-duty time at home in California. 
Although his family said that he was accustomed to night flying, the recent 
increase in duty and flight time could have induced fatigue. 

There is evidence that the captain was suffering from a cold. The 
demanding duty schedule of 12 nights of flying during the last 13 days could 
have made recovery from illness more difficult and added to the negative 
effects of fatigue. The fact that the pilots did not exit the airplane for a 
preflight inspection in CLE suggests that the captain's decision making was 
affected by fatigue. Nevertheless, insufficient evidence exists to reach a 
firm conclusion on this issue. 

Regardless of the factors that might have influenced the 
fl ightcrew's be1 ief that an exterior inspection of the wing surfaces was 
unnecessary, the Safety Board believes that a preflight walkaround 
inspection of an airplane before each flight is a basic tenet for safe 
operations. Such an inspection is necessary to detect serious defects, such 
as bad landing gear tires, hydraulic leaks, and loose or missing panels, as 
well as to observe the wing and empennage surfaces. 

Although the Safety Board supports the FAA's AC on wing 
contamination and concurs with the "clean airplane concept," the Safety Board 
believes strongly that the only way to ensure that the DC-9 series 10 wing is 
free from critical contamination is to touch it. Ladders or some other 
sui tab1 e equipment would be required to a1 1 ow crewmembers to reach the wing, 
which is 7 feet above the ground. Similarly, for night operations, adequate 
lighting must be provided around the aircraft. Specifying such actions for 
only the DC-9 series 10 aircraft is not intended to suggest that other 
aircraft can operate without inspection for, and removal of, ice 
contamination; it is rather a reinforcement of the fact that visually 
imperceptible amounts of ice contamination may result in loss of control on 
the DC-9 series 10 aircraft. 

During inclement weather, such as existed at CLE on the night of 
the accident, an inspection for possible ice contamination of the wings and 
empennage is an essential part of a fl ightcrew's responsibilities. Thus, the 
Safety Board concludes that the Ryan 590 flightcrew's failure to conduct a 
wal karound inspection was contrary to good practices. Further, the Safety 
Board believes that the flightcrew's failure to detect and remove ice 
contamination from the wings was a causal factor in this accident. The 
Safety Board also believes that factors which contributed to a lack of 
flightcrew guidance on the importance of such inspections and the flight 
characteristics of the DC-9 Series 10 airplane, in particular, were causal 
factors in the accident. 



The Safety Board believes t h a t  a f t e r  f a i l i n g  t o  detect  and remove 
the accumulation of ice  from the  wing, there were no act ions tha t  the crew 
could have been reasonably expected t o  take t h a t  would have prevented t h i s  
accident. The f i r s t  o f f icer  followed the normal and prescribed procedures 
for  the  takeoff; t h a t  i s ,  the rotat ion speed was t h a t  specified fo r  the 
airplane's weight and the  rotation r a t e  was normal. When the  airplane became 
airborne with a minimum s t a l l  speed margin, the  s t a l l  was inevitable as the 
aerodynamic advantage of ground ef fec t  diminished. Further, the s t a l l  was 
most l i k e l y  more sudden and severe than would have occured with an 
uncontaminated wing because a s t a l l  can progress from the  wing t i p s  inward. 
This causes the airplane t o  pitch nose up with a lo s s  of r o l l  control.  The 
abrupt r o l l ,  occurring as  one wing s t a l l ed  before the  other, was not 
control lable  within the  a l t i t ude  avail able. 

Under the circumstances fo r  the takeoff of Ryan 590, i t  might have 
been possible t o  increase the l i f t o f f  speed s t a l l  margin and establ ish a 
climb without s t a l l  ing by delaying the  takeoff rotat ion,  permitting 
additional acceleration on the runway. However, t h i s  procedure would have 
been improper because the increase in the  ro ta t ion  speed beyond tha t  
specified may have infringed upon the safety margin required by the Federal 
Aviation Regulations (FARs) in case of an engine f a i l u r e  during the  takeoff. 
The rotat ion speed i s  currently based upon a minimum f i e l d  length takeoff for  
the  airplane's weight; tha t  i s ,  a f i e l d  length t h a t  i s  suf f ic ien t  t o  sa t i s fy  
the  balanced f i e l d  concept where the  accel erate-s top and accel erate-go 
distances are equal, assuming tha t  an engine f a i l u r e  occurs a t  the  decision 
speed, and also suf f ic ien t  t o  sa t i s fy  the  posttakeoff climb gradient 
requirement fo r  obstacle clearance, as  specified in t h e  FARs. However, when 
operating on a runway longer than needed t o  meet t h i s  balanced or  minimum 
f i e l d  length c r i t e r i a ,  a rotation speed higher than t h a t  current ly specified 
could be used safely i f  the flightcrew were given su f f i c i en t  information in 
t h e i r  operating manuals t o  determine the maximum ro ta t ion  speed tha t  will 
s t i l l  allow the required engine f a i l u r e  safe ty  margins. The Safety Board 
believes t h a t  the FAA should require tha t  t h i s  information be included in the 
manual t o  provide an additional takeoff safety margin f o r  the  DC-9 ser ies  10 
airplanes when they are  operated from "unbalanced" runways i n  weather 
conducive t o  the formation of wing ice contamination, regardless of the other 
necessary measures t o  ensure tha t  the  wing i s  f r ee  of such contamination. 

2.5 Dissemination o f  Airframe Icing Information 

The written material, industry presentations,  and operator 
seminars t h a t  were offered fo r  more than 20 years  should have eliminated any 
operational problem with icing on the DC-9. However, s imilar  accidents 
continue t o  occur. The Safety Board therefore concludes tha t  e f fo r t s  t o  
educate l i n e  p i lo t s  of DC-9 ser ies  10 airplanes about this problem have not 
been adequate. There are many reasons f o r  the  inadequacy of these e f fo r t s .  

Much of the  written material has been presented t o  a i r l i n e  
management. There has been general agreement on the  accuracy of the  data, 
but no real understanding of the significance of t h e  problem has been 
evident. Even i n  cases where the  significance i s  understood, l i n e  p i lo ts  
are apparently not giving the  problem the  a t ten t ion  t h a t  i t  merits. 



Accumulations of ice as thin as 0.015 inch on the wings of a DC-9 can reduce 
the stall angle of attack below stall warning activation. Investigators have 
found that the vast majority of DC-9 series 10 pilots questioned are either 
unaware of these facts or lack an appreciation for the criticality of 
visually imperceptible amounts of wing contamination. 

The Safety Board is concerned that when aircraft are sold, or when 
there are changes of pilots and instructors, an opportunity exists for the 
loss of "corporate memory" of the significance of the icing problem on the 
DC-9. Although Douglas has issued material and urged that the wing icing 
problem be incorporated into the airplane flight manuals, they took no 
positive action to do so. By including the information in the approved 
Airplane Flight Manual, it would be directly available to the line pilots, 
and it would be transferred with the ownership of an aircraft when it is sold 
to a new operator. Ryan acquired eight DC-9s in 1989 and was unaware of the 
critical icing information until after the accident. If the information had 
been contained in the approved Airplane Flight Manual, the subject would have 
been emphasized in Ryan's initial training of its pilots. 

Thus, the Safety Board be1 ieves that after four previous accidents, 
sufficient knowledge has existed within both the FAA and Douglas on the high 
vulnerability of the DC-9 series 10 to flight control problems in freezing 
weather conditions and that this information should have been disseminated in 
such a manner that it would be available to all of the pilots of these 
airplanes. The FAA could have required, and Douglas could have provided, 
additional information about this problem in the approved Airplane Flight 
Manual. Their failure to do so is a causal factor in this accident. 

Simi 1 arl y, the Safety Board be1 ieves that any operator acquiring a 
new model airplane in its fleet has an obligation to request from the 
manufacturer, and any other available sources, information unique to the safe 
operation of that airplane. If Ryan had fulfilled this obligation it would 
have become aware of the previous accidents involving wing ice contamination. 
Then Ryan would have been able to provide the training and guidance to its 
flightcrews that should have prevented this accident. Thus, the airline is 
also cited as a causal factor in the accident. 
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3.0 CONCLUSIONS 

Findings 

There was no evidence of preexisting airplane structural, 
systems, or engine faults that contributed to the loss of 
control of the airplane 7 seconds after liftoff from runway 
23L at Cleveland-Hopkins International Airport. 

Four previous accidents of DC-9 series 10 airplanes, also 
involving loss of control almost immediately after 1 iftoff, 
were attributed to a loss of aerodynamic efficiency due to ice 
accumulation on the wings . 
The accident airplane had flown through conditions conducive 
to the accumulation of moderate rime ice during the descent 
for landing at Cleveland-Hopkins International Airport, about 
40 minutes before the accident, and the flightcrew probably 
used the wing anti-ice system during the descent. 

Ground conditions at the Cl eve1 and-Hopkins International 
Airport during the 35-minute turnaround were not conducive to 
airframe icing because of the dry snow and the low ambient 
temperatures ; however, the me1 ti ng and refreezing of snow on 
the previously heated wings could have produced an 
accumulation of ice on the wing upper surface. 

The flightcrew did not exit the airplane to conduct an 
exterior preflight inspection at the Clevel and-Hopkins 
International Airport to verify that the wings were free of 
ice contamination, and a requirement for such an inspection 
was not specified in the Ryan DC-9 Operations Manual. 

The first officer was controlling the airplane, and the 
takeoff roll and rotation were normal and accomplished in 
accordance with prescribed procedures. 

The liftoff occurred at a higher-than-normal airspeed; 
however, the 1 ift-producing efficiency of the wing was 
degraded by contamination, and the stall speed margin at 
1 iftoff was minimal. 

There was some physical evidence but no evidence derived from 
the performance analysis to corroborate a tail strike at 
takeoff. However, a tail strike could occur with normal pilot 
procedures during an attempted takeoff with wing 
contamination. 



The airplane's wings stalled abruptly and without warning as 
the airplane began to climb and the aerodynamic advantage of 
ground effect diminished. At the time of stall, the airplane 
had sufficient soeed to achieve a 1.4 q load factor with 
normal aerodynamic characteristics. 

- 

The engine compressor surges were caused by the d 
airflow aft of the wing and at the engine inlet 
airplane approached stall. 

The steep roll concurrent with stall was caused 
irregular lift distribution across the wing and w 
control 1 able by the pi1 ot, thereby preventing recovery. 

sturbed 
as the 

by the 
as not 

The DC-9 series 10 has no wing leading edge lift augmenting 
devices and i s particularly vulnerable to degraded aerodynamic 
performance as a result of minute amounts of wing 
contamination than the later model DC-9 and MD-80 airplanes 
that have leading edge devices. 

The flightcrew had not been given specific training or other 
educational material to inform them of the more critical 
effects of wing contamination on DC-9 series 10 airplanes. 

The Doug1 as Aircraft Company has issued numerous articles on 
the subject of wing contamination, but there is no system to 
ensure that the critical information reaches all line pilots 
of these airplanes . 
Both the FAA and Douglas Aircraft Company have been aware for 
several years of the propensity of the DC-9 series 10 to the 
loss of control caused by wing contamination, but neither of 
them took positive action to include related information in 
the approved Airplane Flight Manual. 

Had additional information or cautions about the high 
vulnerability of the DC-9 series 10 to loss of control caused 
by wing contamination been placed in the approved Airplane 
Flight Manual, it would have been available to line pilots. 

Ryan International Air1 ines had the opportunity and obligation 
to request information relating to previously identified 
safety issues when it acquired the DC-9 airplanes in 1989 but 
failed to do so. 

3.2 Probable Cause 

The National Transportation Safety Board determines that the 
probable cause of this accident was the failure of the flightcrew to detect 
and remove ice contamination on the airplane's wings, which was largely a 
result of a lack of appropriate response by the Federal Aviation 
Administration, Douglas Aircraft Company, and Ryan International Airlines to 



the known critical effect that a minute amount of contamination has on the 
stall characteristics of the DC-9 series 10 airplane. The ice contamination 
led to wing stall and loss of control during the attempted takeoff. 

4. RECOMMENDATIONS 

As a result of this accident7 the National Transportation Safety 
Board recommends that the Federal Aviation Administration: 

Require the inclusion in the DC-9 series 10 Approved Airplane 
Flight Manual of a caution about the susceptibility of the 
airplane to flight control problems with minute and marginally 
detectable amounts of ice on the leading edge and upper 
surface of the wing. (Class 117 Priority Action) (A-91-123) 

Require in air carrier operations manual s and appropriate 
airplane flight manuals that flightcrews of DC-9 series 10 
airplanes perform a visual and tactile inspection of the wing 
leading edge and upper surface using necessary equipment prior 
to departure whenever temperatures below 5OC and visible 
moisture exist or whenever the airplane recently encountered 
icing conditions. (Class 11, Priority Action) (A-91-124) 

Require Principal Operations Inspectors to review certificate 
holders operating DC-9 series 10 airplanes to determine the 
adequacy of fl ightcrew training programs related to airframe 
icing conditions. (Class 117 Priority Action) (A-91-125) 

Evaluate the need for actions as described in Safety 
Recommendations A-91-123 through A-91-125 for other 
transport-category turbojet airplanes that do not have leading 
edge devices and are particularly susceptible to fl ight 
control problems arising from small amounts of frost7 ice or 
snow on the wings. (Class 117 Priority Action) (A-91-126) 

Evaluate a procedure to use the maximum rotation speed during 
takeoff that will retain the presently required end of runway 
and climb gradient safety margins when operating on runways 
that exceed the minimum takeoff runway length required; 
require operators to provide maximum rotation speed 
information to DC-9 series 10 flightcrews for use in winter 
operations. (Class 11, Priority Action) (A-91-127) 

Require air carrier operators, when acquiring a new model 
aircraft7 to formally request from the manufacturer all 
pertinent information previously disseminated regarding the 
operation of the particular aircraft type. (Class 117 
Priority Action) (A-91-128) 



In addition, the Safety Board reiterates the following safety 
recommendation to the FAA: 

Until such time that guidelines for detecting upper wing 
surface icing can be incorporated into the airplane flight 
manual, issue an air carrier operations bulletin directing all 
principal operations inspectors to require that all McDonnell 
Douglas DC-9-10 series operators anti-ice airplanes with 
maximum effective strength glycol solution when icing 
conditions exist. (A-88-134) 

This recommendation is now c1 assi fied ttOpen-Unacceptable 
Response. " 

The Safety Board considers that Safety Recommendation A-91-124, 
when accomplished, will satisfy the requirements of the following safety 
recommendation: 

Require a1 1 DC-9-10 operators to establish detailed procedures 
for detecting upper wing ice before takeoff. (A-88-136) 

This recommendation is now classified llClosed-Unacceptable 
Action/Superseded-'I 

BY THE NATIONAL TRANSPORTATION SAFETY BOARD 
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/s/ Christopher A. Hart 
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/s/ John Hamnerschmi dt 
Hember 

November 16, 1991 

James L. Kolstad, Chairman, filed the following dissenting 
statement: 

I respectfully dissent from the report of the majority solely over 
the expression of probable cause. In my view, the probable cause of this 
accident was a failure of vigilance on the part of a cockpit crew, and it is 
vitally important not to dilute or mask this message by scattering the 
responsibility among impersonalized organizational structures, none of which 
had a direct hand in the decision-making in this cockpit. 



The actual cause of this accident is almost certain - -  wing ice 
that without warning stole essential lift at the most critical moment of 
flight, taking the lives of two fine men. While determination of the actual 
failure mode might seem a sufficient understanding of probable cause to the 
unini tiated* the Safety Board has traditionally gone further into the chain 
of events which lead to an accident to determine why the failure was 
permitted to occur. The reasons for doing this are important --  they relate 
to the ability of the Board to recommend preventive measures and galvanize 
the necessary actions and attitudes to preclude reoccurrence. The Board 
cannot prevent the formation of ice* but we may be able to increase the 
likelihood of its detection. 

Flight 590 descended into Cleveland airport through icing 
conditions. Air traffic control had passed on two pilot reports of moderate 
rime icing down to the surface. (Moderate icing is not "moderate" in any 
commonly understood sense --  it means icing of such significance that even 
short encounters are hazardous and the use of de-icing or flight diversion is 
necessary.) The aircraft sat on the ground for 35 minutes in snow and 
freezing temperatures. De-icing equipment had been made avail able but was 
not used, and neither member of the crew took an opportunity to leave the 
aircraft and make an inspection of the exterior of the aircraft for signs of 
ice. 

My colleagues believe that this last failure - -  the failure to 
inspect --  was the result of poor organizational performance. The aircraft 
in question is especially susceptible to lift problems with wing ice. 
Because this problem was known but apparently not clearly communicated to the 
accident crew, the majority believe that the air carrier* the aircraft 
manufacturer and the Federal Aviation Administration were in the direct line 
of causation. 

I think it is fair to say that each of these organizations might 
have performed better --  and that their failure contributed to the 
probability that an accident such as this might take place. And it is wholly 
appropriate that we recommend that these organizations do more to prevent a 
reoccurrence. But it is misleading to suggest that the dangers of ice were 
surprising, and that another piece of paper in the blizzard of information 
that pilots constantly receive would have prevented this accident. Under 
existing federal regulations it is unlawful to take off with ice adhering to 
wings. It is the responsibility of every pilot to adhere to this rule, not 
simply because it is a rule, but because the rule reflects the physics of 
flight. And it is important that this Board stress the responsibility of 
those in command of aircraft to stay in command, as it must go without saying 
that the proper execution of their duties is the single most important 
guarantor of safe flight. 



In my view, the pride and professionalism of the pilot community 
has always been the most important determinant of safety in air transport. 
Fostering a sense of pride requires constant reinforcement of the 
responsibility entrusted to the individuals who command flight. This means 
an honest acknowledgment of shortcomings, as well as accomplishments. 

/s/ James L. Kolstad 
Chairman 

Susan Cough1 iny Vice Chairman, filed the following concurring 
statement: 

I am concurring in the probable cause statement of this accident 
reporty but with some reservations. 

I have no difficulty in citing the crew's performance, in that I 
don't believe that this aircrew took such actions to insure that their 
aircraft was free of ice contamination before departing the gate at the 
Cleveland airport on the night of the accident, regardless of the type of 
aircraft they were flying. At a minimum, the Ryan DC-9 Winter Operations 
Bulletin 89.4 should have prompted the crew, in their pre-flight 
preparations, to explore more fully the extent to which the weather may have 
been a negative factor with implications affecting the safety of their 
flight. While this crew may have had no specific training from the airline 
on icing conditions, they clearly had at least cues that icing be a 
factor on this particular night. Nevertheless, their collective resources 
didn't prompt them to inspect the aircraft from the outside either visually 
or tactually. This despite pilot reports of moderate icing, actual 
precipitation at the time of their departure, and claims from their 
management that not only were visual walk around inspections the common 
practice, they were formally required in the flight manuals for other 
aircraft in the fleet. 

However, the most critical cue that was not provided to the crew on 
the night of the accident was information that was apparently readily 
available and known throughout much of the aviation community, that being the 
sensitivity and vulnerability of the DC-9 Series 10 aircraft to minute 
amounts of ice contamination on the upper surfaces of the plane's wings. In 
my view, this lack of cohesive action by the aviation community at large to 
provide this critical information and guidance to line pilots of this 
specific aircraft type, left not only this aircrew, but others preceding ity 
hopelessly ignorant of the situations they faced. 

In defining the aviation community at large, I find myself unable 
to exclude this agency. In 1985Â following the crash of the Airborne Express 
DC-9 in Phi 1 adel phi a, the Safety Board drafted, but apparently never adoptedy 
an important recommendation to the Federal Aviation Administration, which 
would have required that the approved flight manuals for the DC-9 Series 10 



airplanes emphasize several points, among them the hazards of minute amounts 
of wing surface roughness (in this case ice) and its effect on stall speed. 
This recommendation was never adopted by the Board or forwarded to the FAA 
for consideration. The Philadelphia accident was the third in which a DC-9 
Series 10 aircraft crashed during icing conditions. 

Then in 1988, prompted into action following the crash of the 
Continental Airlines DC-9 in Denver, the Safety Board did two things. First, 
they initiated a study into the effects of icing on this model aircraft, the 
results of which were never adopted or published. Secondly, the Board 
proposed, adopted, and sent several important recommendations to the FAA, 
among them A-88-136, requiring all DC-9 operators to establish detailed 
procedures for detecting upper wing ice before takeoff. The intent was that 
this information would be incorporated into the airline flight manual, and, 
therefore, be placed in the hands of every line pilot. When the FAA 
responded negatively, the Board was silent. The National Transportation 
Safety Board should have communicated its strong disagreement with the FAA's 
position swiftly and clearly. 

We now find ourselves making the case once more for a safety issue 
that we were confident existed as early as 1985. 

While I am concurring with the probable cause as adopted by the 
majority of the Board, I would have preferred that the scope of the cause be 
extended, and read: 

The National Transportation Safety Board determines that the 
probable cause of this accident was the failure of the 
flightcrew to detect and remove ice contamination on the 
airplane's wings, in part because of a lack of cohesive action 
by the aviation community at large directed at the known 
critical effect that a minute amount of contamination has on 
the stall characteristics of the DC-9 Series 10 airplane, 
which can lead to wing stall and loss of control during an 
attempted takeoff. 

Although left unstated, the implication is that the definition of 
the aviation community at large includes, among possible others, the Federal 
Aviation Admini stration, the National Transportation Safety Board, Doug1 as 
Aircraft Company, Ryan International Air1 ines, and other operators of the 
DC-9 Series 10 aircraft, all of whom shared a responsibility to educate or be 
educated about the flight characteristics of this aircraft. 

/s/ Susan M. Couqhlin 
Vice Chairman 
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APPENDIXES 

APPENDIX A 

INVESTIGATION AND HEARING 

1. Investigation 

The National Transportation Safety Board was notified of this 
accident at 0100 on February 16, 1991. A full investigative team departed 
Washington at 0600 that day. Investigative groups were established for: 

a. Airplane Performance 

b. Air Traffic Control 

c. Cockpit Voice Recorder 

d. Digital Flight Data Recorder 

e. Operations 

f. Human Performance 

g . Powerpl ants 

h. Airplane Structures 

i. Survival Factors 

j. Airplane Systems 

k. Weather 

Parties to the investigation were: 

a. Clevel and-Hopkins International Airport 

b Douglas Aircraft Company 

c. Emery Worldwide 

d. Federal Aviation Admini stration 

e. Pratt and Whitney 

f. Ryan International Air1 ines 

g. U.S. Postal Service 
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Pub1 i c  Hearing: 

NO public hearing was convened on t h i s  accident. 
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APPENDIX B 

COCKPIT VOICE RECORDER TRANSCRIPT 

TRANSCRIPT OF A FAIRCHILD MODEL A-100 COCKPIT VOICE RECORDER S/N 1174, Removed 
FROM A RYAN INTERNATIONAL AIRLINES MCDONNELL DOUGLAS DC-9-15 AIRCRAFT. N565, 
WHICH WAS INVOLVED I N  A TAKEOFF ACCIDENT ON FEBRUARY 17, 1991 AT THE HOPKINS 
INTERNATIONAL AIRPORT, CLEVELAND, OHIO 

CAM 

ROO 

-1 

- 2 

- 3 

- 9  

GND 

TWR 

CLR 

C01238 

* 

@ 

# 

% 

0 

(0) 
- 
NOTE: 

Cockpit area microphone voice o r  sound source 

Radio transmission from accident a i r c r a f t  

Voice i d e n t i f i e d  as Captain 

Voice i d e n t i f i e d  as F i r s t  O f f i ce r  

Voice i d e n t i f i e d  as Ryan A i r l i nes  Cargo Agent 

Voice un iden t i f i ed  

Cleveland Ground Contro l ler  

C l  evel and Local Control 1 e r  (Tower) 

C l  evel and Clearance Del i ve ry  Contro l ler  

Continental A i r l i n e s  f l i g h t  twelve t h i r t y  e igh t  

U n i n t e l l i g i b l e  word 

Nonpertinent word 

Explet ive deleted 

Break i n  con t i nu i t y  

Questionable t e x t  

E d i t o r i a l  I nse r t i on  

Pause 

A l l  t i m e s  are expressed i n  Eastern Standard Time. 



TIME 6 
SOURCE 
--A 

2347:06 
Start  of recording and transcript 

2347:42 
CAM-1 look at the way the fuel I s  now. 

2347:45 
CAM-2 a l l  screwed up. 

2347:46 
CAM-1 yup. 

2348:45 
CAM-1 Viking. 

TIME 6 
SOURCE 
--A 

2350:46 
CAM ((sound o f  engines spooling down)) 

2350: 53 
CAM-1 run the checklist *. 
235054 
CAM ((Sound o f  momentary power Interruption t o  CVR)) 

2351:21 
CAM ((Sound s lu l lar  t o  cockpit door opening and closing)) 

2352:20 
CAM ((sound of  kay loader starts and continues un t i l  0006: 27)) 

2352% 
CAM ((Sound s l i l l a r  t o  cockpit door opening and closing)) 

2352:56 
CAM-2 what do you want out of  Indy? twenty? 



INTRA-COCKPIT - --- 
TIHE & 
SOURCE --- - 
2352:57 
CAM-1 

2353:03 
CAM-1 

CAM-? 

2353:14 
CAM-1 

2353:17 
CAM-2 

2353: 19 
CAM- 1 

2353:37 
CAM 

2353:38 
CAM-3 

2353:40 
CAM-1 

2353:41 
CAM-3 

2353:43 

yes please. 

well I don't know what to  say about th is  fuel .  
I don't know what to  say. 

how much you f igure we burned on that leg? 

ah f i v e  thousand. Five two. 

YUP. 

((sound s i u i l a r  t o  cockpit door opening)) 

here's your load plans. 

thinks. 

okay. 

AIR-GROUND COWN ICATIONS 

TIHE li 
SOURCE COHTtKT 

CAM ((sound similar t o  cockpit door closing)) 



T I M  6 
SOURCE - .-. - . - - - CONTENT 

2354: lO 
CAM-1 yup I just don't know what to say about that 

thing. 

2356:OS 
CAM-2 there's something wrong with this too. 

2356:52 
CAM - 2 

2356:34 
CAM- 1 

okay. 

I'm ready for day off.  

you what? 

I'D ready for a day off .  

twenty 'en seven. 

now's the t ine for to get you. 

no no you need rest. 

((sound of  laugh)) 

please. 

AIR-GROUND COMMUNICATIONS 

T I H E  6. 
SOURCE 



INTRA-COCKPIT -- -- 
TINE 6 
SOURCE .- 

2357:13 
CAM-1 

0000 : 43 
CAM- 1 

0000 : 48 
CAM- 1 

CONTENT 

peace and quiet. 

no, when I need I need my rest, she just doesn't 
seem to understand just doesn't. 

l i k e  that night after we came In, I was so tired. 
Oh my god. Night before *. 

that was somethin'. 

they added these column wrong. 

huh. 

they added the c o l m  wrong, okay. 

they hive seventeen three eighty one. 

two D three eighty sevens. 

right, three eighty seven. 

three eighty seven. Ninety pounds of f .  

AIR-GROUND COMMUNICATIONS 

TIME 6 
SOURCE 



INTRA-COCKPIT -- - 
TINE 6 
SOURCE 

0002:28 
CAM-2 

0002 : 30 
CAM- 1 

0002:39 
CAM-2 

0002:45 
CAM-1 

0002:47 
CAM-2 

0002: 50 
CAM- 1 

0002: 55 
CAM - 2 

0003:Ol 
CAM- 1 

ah we countin1 any of  that center tank fuel 
there? 

no. 

do you have any idea how much freight we're 
gunna' be carrying when we ah get l e t  out of  
Buffalo? 

out of  Buffalo? 

1 ike out o f  Buffalo when we get here? 

i t ' s  usually around eight thousand, seven or 
eight out of  Buffalo. I t ' s  usually about sixteen 
or seventeen out of Indy. 

anyway there's no way you'd know though, being 
they don't give you any kind of  a forecast for 
fuel burn purposes or anything l i k e  that. 

no. 

AIR-GROUND COMMUNICATIONS 

TIME 6 
SOURCE CONTENT 

~. ~- 

CAM-2 total  amount of  fuel f i f teen eight eh. 



TINE & 
SOURCE -.- 

0003:ll 
CAM- 1 

0004:35 
CAM-2 

0004:46 
CAM- 1 

0004:49 
CAM-2 

0004 : 51 
CAM- 1 

0004: 57 
CAM- 1 

0004 : 59 
CAM-2' 

0005:03 
CAM 

0005:OS 
CAM 

0005:07 

CONTENT 

yes s i r  that's fine. 

what the hell 's that? what i s  th is  thing here 
a Convair or somethin'? what i s  it? 

I don't know what that I s  a Convair ah two 
twenty. 

f ive eighty maybe? 

t think doesn't a f ive eighty have four engines 
*? 

I don't believe it. 

that i s  an old ship. 

((sound o f  knock on cockpit door)) 

((sound similar t o  cockpit door opening)) 

AIR-GROUND COMMUNICATIONS 

TIME 1 
SOURCE 

CAM-2 who I s  I t ?  Close the door please. 



TIHF & 
SOURCE . . . .. 

0005: 11 
CAM-3 

0005:lZ' 
CAM-? 

0005:13 
CAM-2 

0005:14 
CAM- 1 

0005: 18 
CAN 

0005:22 
CAM-2 

0005:31 
CAM-2 

0005:49 
CAM 

0006: 11 
CAM-1 

0006: 16 
CAM 

0006:21 
CAM-1 

0006:24 
CAM-2 

CONTENT 

we're ready. 

pump want the pumps? 

yep. 

((sound simi lar to  cockpit door closing)) 

who i s  i t ?  

((sound similar to cockpit door opening)) 

you cal l  the b1- ah doors at  three and the 
blocks at  five. 

((sound similar to cockpit door closing)) 

1 guess we'll get clearance on the ro l l ,  no problem. 

huh I up. 

AIR-GROUND COMMUNICATIONS 

TINE & 
SOURCE CONTEXT 



INTRA-COCKPIT -- --- 

TINE 6 
SOURCE - . . . . . - CONTENT 
0006: 27 
CAM-1 that's a l l r i gh t  you were busy with the paper work. 

That's what'11 that's what' l l  k i l l  us. 

0006:30 
CAM-2 huh. 

0006:32 
CAM-1 not the aviation capabil i t ies. 

AIR-GROUND COMMUNICATIONS 

TIME 6 
SOURCE 

0006: 39 
CAM-1 f i v e  ninety. 

0006: 52 
CLR 

CONTENT 

clearance Ryan f ive  oh ah - 
m 
u 

Ryan f i v e  ninety t o  tax i  ah fo r  
clearance t o  Indy 

Ryan f i v e  ninety Cleveland clearance 
cleared t o  the Indianapolis airport as 
f i l e d  climb and maintain f i ve  thousanc 
expect f l i g h t  level two s ix  zero one 
two minutes af ter  departure departure 
frequency w i l l  be one two four point 
zero squawk f i ve  seven seven three 

f i ve  seven seven three Ryan f i ve  
ninety thanks 



TIME & 
SOURCE CONTENT 

AIR-GROUND COMMUNICATIONS 

T I M  & 
SOURCE CONTENT 

0007: 12 
CAM ((sound similar to engine spooling up)) 

0007 : 13 
CAM ((sound of momentary power interruption to the CVR)) 

0007:13 
CLR Ryan five ninety roger read back 

correct on the squawk there taxi 
contact me on tower frequency one two 
zero point niner 

0007:18 ROO-2 roger thanks C T ~  

CO 

okay ah thank you for that. 

starting engines checklist at your leisure. I'm 
gunna leave the right mains on and the others off 
for the time being, Just to burn it out and see 
what happens. 

okay, cargo door tall stand? 

checked and on board. 

shoulder harness right? 



INTRA-COCKPIT -- 
TIME & 
SOURCE 

0007:41 
CAM- 1 

0007 : 43 
CAM-2 

0007 : 51 
CAN-2 

0007 : 53 
CAM- 1 

0007 : 54 
CAM-2 

0007: 57 
CAM- 1 

0007: 59 
CAn-2 

0008:OO 
CAM- 1 

0008:08 
CAM-2 

CONTENT -- 

l e f t .  

p i t o t  heat, windshield heat i s  oh on, fuel pumps 
are as required, r i gh t  on and auxi l iary hydraulic 
pump and pressure i s  on and checked. 

and ah c i r cu i t '  breakers? 

i n  on the l e f t .  

checked r ight .  Radios f l i g h t  d i rector  are -? 

one oh eight eight. 

okay. 

outbound about too fo r t y  on the heading i s  f ine  
and ah tm niner eight niner and I'M not gunna 
use my f l i g h t  director. It worked jus t  f ine on the 
way in. 

okay, fuel and o i l ?  

AIR-GROUND COMMUNICATIONS 

TIME I 
SOURCE CONTENT 



INTRA-COCKPIT - -- - -. - 
TIHF l 
SOURCE 

0008: 10 
CAM- 1 

0008: 13 
CAM-2 

0008: 15 
CAN-1 

0008:22 
CAM- 1 

0008: 25 
CAM-2 

0008:43 
CAM-2 

0008: 46 
CAM-1. 

0008: 49 
CAM-2 

0008: 50 
CAM- 1 

0008: 52 
CAB-2 

CONTENT 

t e s t  reset and used i t ' s  on i t ' s  skewed and I'm 
on the r ight  mains. 

and ah brakes and Ignition? 

brakess.on alpha's Ignition i s  brakes are set 
ignition i s  on alpha. 

and i f  you are ready you can perfom the after 
start check1 1st. 

* ten t h i r t y  five. 

okay annunciator are gear 1 ight? 

checked. Higher. 

ignition? 

i t ' s  now of f .  

off. Electrical power checked. Engine anti-ice? 

AIR-GROUND CWMJNICATIONS 

TIME 6 
SOURCE CONTENT 



TIME & 
SOURCE 

0008: 55 
CAM- 1 

0008 : 57 
CAM-2 

0009 : 08 
CAM- 1 

0009:09 
CAM-2 

0009: 12 
CAM- 1 

I just turned It on. 

on. APU a i r  I s  o f f  and ah a i r  conditioning packs 
are auto pneumatic cross feeds are closed 
exist ing fuel cross feed i s  open. 

okay. 

alternate sorry aux pumps are on and checked and 
star t ing i s  complete. 

okay thank you. 

AIR-GROUND COMMUNICATIONS -- 
TIME & 
SOURCE CONTENT 

0009:15 
CAM-2 okay. 

0009: 18 
ROO-2 and ah Ryan f i v e  ninety tax i  south 

cargo 

0009:22 
TUR Ryan f i v e  ninety Cleveland tower tax i  

runway two three l e f t  v ia taxiway 
Ju l i e t  and the ramp 



INTRA-COCKPIT - - . - - - - 
TIME S 
SOURCE -- . . . . - cm.! 

0009:33 
CAM- 1 

0009:36 
CAM- 1 

0009: 39 
CAM- 1 

0009:42 
CAM- 1 

0009: 53 
CAM- 1 

okay flaps are twenty. 

good. 

t r i m ?  

three point zero zero zero set f o r  departure. 

okay two point nine. 

okay. 

EPR and I A S  bugs? 

one ninety eight f o r  f u l l  IAS one three seven 
l e f t  one three seven. Right. 

okay, and f l i g h t  instruments? 

zero zero seven over here slaved. 

AIR-GROUND COMMUNICATIONS 

TIME & 
SOURCE m m  
0009:28 
RDO-2 Ju l ie t  and the ramp Ryan f i ve  ninety 

thanks 



TIME & 
SOURCE 

0009: 58 
CAM- 1 

0010:02 
CAM- 1 

0010:07 
CAM- 2 

0010:08 
CAM- 1 

0010:16 
CAM- 1 

CONTENT 

okay and ah seven on the r ight.  

rechecked. 

okay and anti-skid I s  armed. 

okay. 

and controls and elevator power's free and 
checked. 

okay. 

fuel heat? 

leave It o f f  please. 

pneumatic cross feeds are closed fuel cross 
feeds i s  open. 

secure the APU. 

AIR-GROUND COMMUNICATIONS 

TIME & 
SOURCE COWTENT 



INTRA-COCKPIT -- 
TIME & 
SOURCE -. . . . .. 

0010: 19 
CAM-2 

0010:21 
CAM-2 

0010:22 
CAM- 1 

0010:24 
CAM - 2 

0010:34 
CAM- 1 

coinin' down. 

crew brief ing? 

r i gh t  seat. 

r i gh t  seat, we'll go ah max power f laps twenty 
one twenty eight one t h i r t y  two one t h i r t y  seven 
as previous f i v e  thousand feet . 

straight out, i f  we have any problems we'll f l y  
safely a t  t h i r t y  nine hundred I think that i s  min 
sector out o f  here. We'll do an ILS back in to  two 
three Just as before. No questions. 

AIR-GROUND COMMUNICATIONS 

TIME & 
SOURCE CONTENT 

0010:58 
TWR Ryan f i ve  ninety l a s t  braking 1 had 

was ah when you arrived I believe you 
called i t  fair 

001 1 :01 
CAM- 1 that's correct. 

0011:03 
ROO-2 f i v e  ninety roger 

0011:12 
CAM-1 I wonder how many o f  these ah government pay 

checks we're carrying today? d i d  I t e l l  you t h i s  
i s  where 1 get my pay check, out o f  Cleveland. 



INTRA-COCKPIT -- -- 
TIME 6 
SOURCE . .- 

001 1 : 19 
CAM-2 YOU did. 

0011:28 
CAM-2 i f  we weren't so honest we could come up with a 

scheme. 

0011:31 
CAM- 1 ((sound of. laugh)) 

001 1 :38 
CAM- 1 that's r ight .  

0011:41 
CAH-2 weshouldreallybeconcentratin'onhowthe 

he l l  we can get back there i n to  them containers. 

0011:47 
CAM-2 one plane load and we can re t i re .  

0011:51 
CAM-2 you know use our Jump seating pr ivi leges and 

jump seat around t o  di f ferent banks and ah get 
the cash for the day meet you i n  Rio. 

0012:04 
CAM-1 * they inv i ted us t o  go t o  the ramp. 

AIR-GROUND COMMUNICATIONS 

TIME 6 
SOURCE -- cmm 

0012:07 
CAM-2 yeah never t o  be heard from -. 



INTRA-COCKPIT -- - 
TIME 6 
SOURCE -. . . .. - CONTENT 

AIR-GROUND COMMUNICATIONS 

TIME 6 
SOURCE 

0012:43 
C1238 

0012:46 
THR 

0012:56 
C1238 

0013:OO 
THR 

0013: 10 
C1238 

Tower Continental twelve th i r t y  eight 
i s  with you outside Foord 

Continental twelve th i r ty  eight 
Cleveland tower two three 1 e f t  cleared 
to land winds two two zero at one four 
runway two three l e f t  braking action 
f a i r  by DC-9 

okay cleared t o  land two three l e f t  
with f a i r  braking Continental twelve 2 
th i r ty  eight 

Continental twelve th i r t y  eight ah 
plus or minus f i f teen knots a l l  the 
way down f ina l  tonight by numerous 
aircraft runway two two l e f t  RVR s i x  
thousand 

Continental twelve th i r t y  eight thank 
YOU 

0013:28 
CAM-1 boy, that control c i rcu i t  breaker when you put It 

in, feel how hot I don't know how hot your window 
i s  but th is one i s  burning up. 



INTRA-COCKPIT - 
TIME I 
SOURCE -- 

0013:33 
CAM-2 yeah. 

0013:34 
CAM- 1 1 i t e r a l l y  burning up. 

0013:43 
CAM-1 get that warn and fuzzy feeling. 

0013:50 
CAM-2 whoa *. 
0014:04 
CAM-2 pneumatic a i r  cart. 

0014:08 
CAM-1 bankruptcy ah impounding notice. 

0014: 15 
CAM-1 bankruptcy impounding notice. 

0014:19 
CAM-2 yeah, more guys on the street. Ryan ain't  gunna 

have a shortage i f  that keeps upsthat's for  certain. 

0014:26 
CAM-1 r ight ,  we're fortunate to be here. 

AIR-GROUND COMMUNICATIONS 

T I N  6 
SOURCE -- CONTENT 

0014:31 
CAM-2 yeah. 



INTRA-COCKPIT - -- 
TINE 6 
SOURCE - - - . . . . .- . 
0014:33 
CAH- 1 

0014:39 
CAM- 1 

t o  have t o  go through the humiliation o f  
Eastern, Delta 1 mean ah American, Delta, United - 

yeah. 

you have t o  go way down t o  the bottom. Go through that 
personnel p ro f i l e  you know, crap and then become 
an engineer bottom o f  the l i s t  nine thousand f i v e  
hundred seniority number. 

yeah. 

AIR-GROUND COMMUNICATIONS -- 
TInE 6 
SOURCE CONTENT 

0014:51 
C1238 and ah tar twelve t h i r t y  eight 

' winds a t  ah twenty f i ve  hundred feet 
are a two t h i r t y  a t  for ty  f i v e  r i g h t  
now 

0014:57: 
CAM-1 they cut out o f  out o f  the interview class. 

0015:OO 
THR ah twelve t h i r t y  eight thank ya 



AIR-GROUND COMMUNICATIONS 

TINE Ã 
SOURCE CONTENT 

0015:03 
CAM-2 they cut ha l f  the class you know and the way 

they t e l l  ya' i s  they you go t o  a guy and he 
gives you a l i t t l e  short interview about twenty 
minutes i t ' s  basically an application review and 
then asks you a couple o f  questions and then you 
go for  a sin. Takeoff a ah level o f f  a t  six head 
r i gh t  f o r  a VOR they give you a hold get i t  wrong 
they give :you another one you get that wrong 
i t ' s  only one aspect o f  the eleven things you can . 

0015:30 
CAM-2 come back around and shoot the US.  Then they' l l  

get you i n  th i s  r o m  and they come up and they 
just  go okay. 

TINE & 
SOURCE COWTENT 

0015:37 
TUR Ryan f i ve  ninety be a l e f t  tum there 

f o r  runway two three l e f t  

0015:41 
ROO-2 Ryan f i ve  ninety 

0015:44 
CAM-2 three two l e f t .  

0015:46 
CAM- 1 two three l e f t .  

0015:47 
CAM-2 why do they keep sayin' three two they must 'a 

just  got 'em the ah l ined up. 



TIME & 
SOURCE 

0016:06 
CAM-1 they jus t  say you you and you. huh? 

0016:08 
CAM-2 yeah. and ah they read a l i s t  and they c a l l  a11 

AIR-GROUND COMMUNICATIONS 

TIME 6 
SOURCE COWTEHT 

0015:Sl 
TWR Ryan f i v e  ninety jus t  turn l e f t  

between these ah blue l i g h t s  and a 
tax i  onto runway two eight hold short 
runway two three l e f t  

0015:57 
ROO-2 tax i  onto two eight short o f  two 

three l e f t  

those people in to  one room and then you don't 
know i f  those are the people that got ejected o r  
those are the people that got to  stay. 

0016:26 
TUR ah that  was a l e f t  turn 

0016:28 
CAM-2 ah man and then they come out and your faces are 

so -. 
0016:29 
RDO-2 Ryan f i v e  ninety 

0016:32 
TWR Ryan f i v e  ninety ah jus t  t ax i  ah 

st ra ight  ahead there then jus t  turn ah 
r i g h t  a t  the end there I f  you want t o  
make a one eighty that would be up t o  
YOU 



AIR-GROUND COMMUNICATIONS 

TIME & 
SOURCE COKTEBT 

0016:38 
CAM- 1 1'11 make a one eighty r ight  here i f  i t ' s  

a1 l r ight .  

0016:40 
ROO-2 one eighty r ight  here would be f ine 

with us i f  i t ' s  a l l r ight  with you 

0016:45 
CAH-1 leave i n  the middle o f  the story time. 

0016:44 
TUR a l l ~ l g h t  f ine with me 

001652 
CAM-1 well actually I was lookin' for  two three over 

here but, i t ' s  wrong 1 guess, 

0016:59. 
TUR Ryan f ive ninety runway two three 

l e f t t a x i  into position and hold 

0017:02' 
CAM-2 two three le f t .  

0017:04 
ROO-2 tm three l e f t  on and hold Ryan f ive 

ninety 

0017:08 
CAM-2 there's a l o t  o f  runways at th is  airport. 

0017:13 
CAH-1 okav. you can be real crestfallen when you leave - .  - - 

that place, you know what I'm sayin'. 



INTRA-COCKPIT - -- 
TINE u 
SOURCE -. - - . . . - 

0017:18 
CAM- 1 

0017:26 
CAM- 1 

CONTENT 

oh man. 

cause you know you actually have the temptation 
t o  think hay they say 1 am a dog crap, 1 must be 
that way you know that's the worst thing about It. 

yeah. 

you know there's nothing wrong with you. You've 
done nothing wrong, every thing right, but they 
just arb i t rar i ly  said something and you got the 
temptation of  believing them. 

WA American *. 

AIR-GROUND COMMUNICATIONS -- 
TINE u 
SOURCE CONTENT 

0017:48 
THR Continental twelve th i r t y  eight turn 

l e f t  taxi  t o  the gate remain th is 
frequency 

0017:50 
CAM-2 okay now I -. 

0017:51 
C1238 Continental twelve th i r t y  eight and 

ah we ah concur with ah their  braking 



INTRA-COCKPIT -- 

TIME 6 
SOURCE - . - - . . - 

001 7: 58 
CAM- 1 

0018:Ol 
CAM- 1 

0018:02 
CAM-2 

0018:03 
CAM-2 

0018:05 
CM- 1 

0018:08 
CAM-1 

0018:09 
CAM-2 

0018: 10 
C A M - I  

0018:ll 
CAM-2 

0018:15 
CAM- 1 

COflTEWT - . . . - - - - 

let 's  be le t 's  be turning the fuels on now. 

and turn o f f  that. 

fuel cross ffeeds stowed. 

okay. Annunciator? 

be sure t o  thank bin when we takeoff, oh I'll do 
i t  cause I'll be talkin' to  him. 

annunciators checked. 

flaps? 

twenty. 

twenty. Transponder DUE, I t ' s  on. 

good. 

AIR-GROUND -- COMMUNICATIONS 

TIME 6 
SOURCE -- CONTEKT 

0018:17 
CAM-2 exterior? 



INTRA-COCKPIT - --A 
TIMF 6 
SOURCE CONTENT 

TIME 6 
SOURCE 

0018:17.5 
TUR Rvan f ive ninety cleared for takeoff 

f l y  ah runway heading 

0018: 18 
CAM- 1 on. 

0018: 20.7 
ROO-1 okay we're gunna' r o l l  i t  and this i s  

two three l e f t  and we appreciate your 
he1 p 

0018:24.4 00 

TUR you're very welcome wind two three * 
zero at one two 

0018:24.6 
CAM ((sound o f  engines Increase I n  speed)) 

0018:27.0 
ROO-1 hay that's a captains' winds 

0018:29.0 
TUR al l r ight  

0018:31.1 
CAM-1 okay a i r  speed's alive. 

0018:33.0 
CAM-1 engines are stabilized, power's set for  departure. 

0018:37.5 
CAM- 1 fuel ' s even kind' a balanced. 



TINE 6 
SOURCE - . . - . . -. . CONTENT 

0018:39.4 
CAM- 1 one hundred knots . 
0018:41.3 
CAM ((sound similar to  runway noise (banging) ) )  

0018:44.9 
CAM- 1 Vee one. 

0018:45.9 
CAM- 1 rotate. 

0018:48.3 
CAM-1 Vee two. 

0018:49.2 
CAM-1 p lus ten .  

0018:50.4 
CAM-1 posit ive rate. 

0018:51.2 
CAM- 1 watch out. 

0018:51.7 
CAM- 1 watch Out. 

0018:52.1 
CAN- 1 watch out. 

0018:52.3 
CAM ((sounds similar t o  engine compressor surges star t ) )  

AIR-GROUND -- COMMUNICATIONS 

TINE & 
SOURCE CONTENT 



INTRA-COCKPIT -- 
TINE t 
SOURCE CONTENT 

0018:53.1 
CAM ((sound siullar to stick shaker starts)) 

0018:55.5 
CAM ((sound of  engine compressor surges stops)) 

0018:56.0 
CAN ((sound of stick shaker stops)) 

0018:56.78 
CAN ((sound of  f i r s t  iupact)) 

AIR-GROUND COMMUNICATIONS 

TINE & 
SOURCE CONTENT 

0018:55.8 
ROO-? ((sound of  open mike key for 0.45 

seconds)) 

00 
m 

0018:56.82 
CAN ((sound o f  second louder iupact)) 

0018:57.4 
ROO-? ((sound o f  ooen mike starts and 

continues unt i l  end of recording)) 

0018:57.6 
end of  recording 



APPENDIX C 

PERSONNEL INFORMATION 
The Captain 

The captain was hired by Ryan International Airlines on August 9, 
1989. He had previously served as a pilot with the U.S. Air Force, flying 
the C-9, the military version of the DC-9. After leaving active duty, he 
served as a pilot with a number of airlines, including Ozark Airlines, World 
Airways, Overseas National Airlines, Challenge Air, as well as additional 
small ai rl i nes . 

The captain's family said that he was used to night flying as a 
result of his military flight time and that he liked flying for Ryan. His 
typical schedule with the airline was 5 nights on duty, followed by 9 nights 
off duty. While off duty, he would return to his family in Oakland, 
California. 

This duty schedule changed several weeks before the accident, 
however, as the result of a major expansion of the airline's contract to 
carry mail for the U.S. Postal Service. The expansion occurred during the 
Persian Gulf conflict, and related to a limitation on the size and weight of 
packages a1 1 owed aboard passenger-carrying air1 ines. During the expansion 
period, the airline hired new pilots, and increased the duty hours of 
experienced pilots. The captain had last visited his family for about 
5 days, ending about 2 weeks before the accident. The 2 weeks between his 
last visit home and the accident was described as the longest period that the 
captain had been on duty with the company. He flew two successive groups of 
flights, separated by one day off. In each group of flights, he flew for 6 
consecutive nights, including the night of the accident. All of the flights 
were on the same route. He had been scheduled to return home on Friday, 
February 15, 1991, but advised his family that he would be working additional 
days and that his time of return was uncertain. 

The captain was described by the airline's Director of Hub 
Operations as a pilot with average skills who took criticism well. The 
chief pilot at Ryan's Indianapolis base described the captain as having very 
good command authority and being smooth on the controls. 

The captain received discipline from Ryan on two occasions. He 
received a written warning in August 1990 for landing without having computed 
appropriate landing data. He also received a verbal warning for using an 
unauthorized identity card to gain access to another airline's jump seat. 

The airline's president noted that the captain had been involved in 
a business venture in which he had distributed literature that falsely 
claimed he was in an existing partnership with the airline. The airline's 
president had discussed this activity with the captain, and the airline 
required the captain to recall the literature. Safety Board investigators 
learned that a similar claim of a partnership relationship between a former 
employer and the captain had resulted in the captain leaving a previous 
flying position. 



The captain was n o t  known t o  have experienced any major changes in 
his  financial o r  personal s i tuat ions during the year preceding the  accident. 
There were no major i l lnesses  of family members o r  f r iends during the past 
year. He possessed a valid California dr iver ' s  l icense and had no record of 
vehicle accidents or major violations.  The captain had no record of criminal 
a r r e s t .  

The captain's f l i g h t  background had some record gaps in i t .  When 
he joined Ryan, he ce r t i f i ed  tha t  h is  p i lo t ' s  logbook had been l o s t  during a 
short-term operation in Ireland, in 1986. The l o s t  logbook was said t o  have 
10,000 f l i g h t  hours documented in i t .  

The F i r s t  Officer 

The f i r s t  o f f icer  was hired by Ryan International Airl ines on 
January 28, 1991. He was described as  "loving aviat ion."  He decided t o  
enter  the f i e l d  as  a profession a f t e r  graduating from college and working 
br ie f ly  as a stockbroker. He completed lessons t o  become a private p i lo t  
and subsequently a commercial p i lo t .  He then became a f l i g h t  instructor  and 
charter  p i lo t ,  and a commuter a i r l i n e s  p i l o t  fo r  Princeton Airlink, Holiday 
Airl ines,  and American Eagle/Command Airways. The f i r s t  o f f i ce r ' s  f l i g h t  
experience as a commuter a i r l i n e  p i lo t  was from December 1986 t o  December 
1989. He was then hired by USAir as  a DC-9 f i r s t  o f f icer .  He was 
furloughed by USAir in January 1991. 

The f i r s t  o f f icer  was described by the a i r l i n e ' s  chief p i l o t  a t  the 
Indianapolis base as very personable and eager t o  do a good job. The f i r s t  
o f f icer  had been the  f i r s t  member of h is  ground school c l a s s  a t  Ryan t o  enter 
l i n e  service.  The chief p i lo t  noted tha t  the captain of the  accident f l i gh t  
had commented ear ly  in the week of February 11, 1991, t h a t  the  f i r s t  o f f icer  
was "a good man." The chief p i lo t  a lso said tha t  another Ryan captain had 
previously commented favorably about the f i r s t  o f f i ce r ' s  performance. 

The f i r s t  o f f i ce r  reportedly said t o  family members tha t  the 
captain of the i l l - f a t ed  f l i g h t  was "a very informative individual," and 
"very know1 edgeabl e .  'I 

The f i r s t  o f f icer  was not married. There was no indication t h a t  he 
had experienced any major changes in h is  financial  o r  personal s i tua t ions  in 
the 6 months pr ior  t o  the accident. His New Jersey dr iver ' s  l icense record 
showed tha t  he was involved in a motor vehicle accident on March 28, 1990, 
f o r  which no points were charged, and t h a t  he had been charged with a 
speeding violation on August 15, 1988 (61 mph in a 50 mph zone). There were 
no other violat ions in the 3 years before the  accident. He had no criminal 
record. 
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APPENDIX D 

ADDITIONAL AIRCRAFT INFORMATION 

A review of the maintenance records for the airplane indicated that 
the DC-9-15, serial number 47240, had a total flight time of 47,574.3 hours 
at the time of the accident. The last "B" level inspection was conducted by 
Ryan International Airlines on January 6, 1991, when the airplane had a total 
airframe time of 47,457.2 flight hours. The last " C "  level inspection was 
conducted on February 7, 1990, in Oklahoma City, at a total airframe time of 
46,781.3 hours. 

Seven engine-related discrepancies, with corrective actions, were 
recorded in the operator's Service Difficulty Reports within the 90-day 
period prior to the accident. Two of the discrepancies, noted on 
November 24, 1990, and December 20, 1990, and subsequently corrected, 
pertained to the airplane's anti-ice protection system. The discrepancies 
were written up as: 

o No. 2 engine EPR [engine pressure ratio] dropped 0.04 
with engine anti-ice On. R & R [removed and replaced] 
all 3 engine A1 [anti-ice] valves. Replaced 0 ring on 
PT2 [inlet total pressure] probe. 

o No. 2 EPR dropped .04 with A1 on. Sealed area around P2 
probe. 

Subsequent to this corrective action, the No. 2 engine EPR with the 
application of anti-ice was not listed as a discrepancy. 

The No. 1 engine, a Pratt & Whitney model JT8D-7B, serial number 
654010, was manufactured by Pratt and Whitney. It had been installed on the 
airplane on February 25, 1990, and accumulated 791 hours of operation since 
installation and 890 cycles since installation. Total time on the engine was 
30,437 hours, with 40,461 total cycles. The engine received its last Class B 
inspection on January 6, 1991, and accumulated 117 hours since inspection. 

The No. 2 engine, also a Pratt & Whitney model JT8D-7B, had serial 
number 653913. It had been installed on the airplane on December 15, 1987, 
and accumulated 2,255 hours and 2,410 cycles since installation. Total time 
on the engine was 35,506 hours, with 24,243 total cycles. 



APPENDIX E 

DOUGLAS AIRCRAFT COMPANY LETTER AND I C I N G  REPORT 

Douglas Aircraft Company 

MCDONNELL DOUGLAS 

March 21, 1991 
Cl-TMR-058 

Dear . . 
Several weeks ago, a DC-9 Series 10 aircraft crashed on takeoff. While the 
cause of the accident has not yet been firmly established, the facts are 
disturbingly similar to previous accidents which have been attributed to 
airframe ice. 

While each of the previous accidents had its own unique situation, the common 
thread is that ice, icelsnow mix, frost or some combination of these, was 
present on the lifting surfaces at the start of the takeoff. Douglas has 
published numerous letters, articles and advisories on the topic of airframe 
and airfoil ice, its detection and effects. We believe that some of the 
information contained in those publications is worth repeating. 

Ice contamination adversely affects (1) straight-wing aircraft such as the 
Nord 262 and numerous general aviation aircraft, (2) small turbojet aircraft 
with conventional airfoils (i.e., no leading edge high lift devices) such as 
the Learjet, (3) larger aircraft with conventional airfoils such as the 
F-28, DC-9-10, and DC-8, and (4) aircraft with leading edge high lift 
devices such as the 737. In most takeoff accidents, the ice contamination 
has not been large ice accretions on the leading edges, or thick layers of 
adhering snow on top of the wings. Rather, dangerous reductions in handling 
qualities and stall margins can occur because of icing roughness equivalent 
to that of MEDIUM GRIT SANDPAPER. This seemingly modest amount of 
contamination can result in pitching moment changes during takeoff rotation 
that cause the airplane to increasingly behave as if it were mistrimmed in 
the nose up direction. Following lift off, degraded lateral stability 
requires larger and larger control wheel inputs to keep the airplane from 
abruptly rolling off, possibly followed by premature stall at lower than 
normal angles of attack. Additionally, the airflow into the engines may 
become disturbed causing compressor surges and momentary losses of power. 

As might be expected, the leading edge portion of the wing and the wing upper 
surfaces are the most sensitive to surface roughness, such as that caused by 
ice contamination. Ice accumulation on the wing surface is very difficult to 
detect. It cannot be seen from ahead of the wing during walkaround, is very 
difficult to see from behind the wing. and may not be detectable from the 
cabin because it is often clear and wing surface details may show through. 

3855 Lakewood Blvd., Long Beach, CA 90846-0001 (213) 593-551 1 TELEX 67-4357 



These contaminants produce three major aerodynamic effects: 

1. When operating in the low speed regime common to takeoff and final 
approach, the stall margins at the target airspeeds are substantially 
reduced. 

2. For a given angle of attack, the wing produces less lift and therefore 
requires higher pitch attitudes (and/or higherspeeds) to achieve 
liftoff . 

3. The angle of attack at the point of stall is reduced to below that of an 
uncontaminated wing, and may cause the stall to occur before stall 
warning devices activate. 

A particularly hazardous situation results from a descent in which the 
aircraft picks up a small amount of ice on the leading edge during the 
approach. If the crew is not aware that ice is present after landing, the 
aircraft may not be de-iced during a brief turnaround. When the ice 
contaminated aircraft rotates on the next takeoff, it will not come off the 
ground at the expected pitch attitude and rotation will continue at an 
increasing rate until liftoff is finally achieved. Often this occurs at a 
very steep angle, perhaps steep enough to begin stalling the wing and 
disturbing the airflow into the engines. 

There is nothing demanding, tricky, or unusual about the DC-9-10/15 Series 
wing. While it exhibits slightly different characteristics than other DC-9 
series aircraft, it is not unlike other clean wing aircraft. Millions of 
hours of safe operations are mute testimony to its inherently sound design 
which is based on decades of research and development of similar designs. 
Nonetheless, it is sensitive to small amounts of ice, snow, freezing 
precipitation, and frost contamination on the wing leading edge or upper 
surface. Scrupulously careful ice inspections shortly before takeoff are a 
must whenever atmospheric conditions make it prudent to do so. Even 
suspicious conditions justify inspection or precautionary de-icing. Crews 
should be encouraged to taxi-back for a second de-icing if a delayed takeoff 
in freezing precipitation raises any question of wing condition. During 
descent, precautionary anti-ice application is also a wise investment. 

We hope that you will make the contents of this letter widely available to 
your flight crews, ground crews, and flight training people. In addition we 
have included a list of articles and publications focused on cold weather 
operations and will be pleased to forward copies to you on request. 

Yours very truly, 

Vice President 
Flight Operations/Labs/Safety 
& Training 

JPL: csl 

Enc. (1) 
DOUGLAS AMCRAFT COW- 



COLD WEATHER OPERATIONS ARTICLE/PUBLICATION LIST 

KNOW YOUR DC-9 LETTER NO. 9, JANUARY 30, 1969 

KNOW YOUR DC-9 LETTER NO. 12, FEBRUARY 16, 1970 

KNOW YOUR DC-9 LETTER NO. 21* DECEMBER 11, 1972 

KNOW YOUR DC-9 LETTER NO. 22, FEBRUARY 8* 1973 

KNOW YOUR DC-9 LETTER NO. 23, W C H  14* 1973 

DC-8/DC-9/DC-10 OPERATORS LEnER Cl-270-CLS-LllO8, NOVEMBER 16, 1976 

DC FLIGHT APPROACH NO. 32, JANUARY 1979 

DOUGLAS SERVICE MAGAZINE ARTICLE, SEPTEMBER/OCTOBER 1982 

DC FLIGHT APPROACH NO. 41, DECENBER 1982 

1984 TEAM CONFERENCE, OPEXATORS EXPERIENCE, PAGE 4.40 

1985 TEAM .CONFERENCE, X-ITEM, PAGE 5.1 

ALL DC-~/MD-~O OPEMTORS LETTER Cl-E60-HHK-Ll97, NOVEMBER 7, 1985 

1986 TEAM CONFERENCE, X-ITEM, PAGE 5.39 

ALL OPERATORS LETTER (AOL) 9-1704, DATED MARCH 13, 1986 

15. ALL OPERATORS LETTER (AOL) 9-1750, OCTOBER 14, 1986 

16. SmVICE RELATED STUDY ITEM (SRSI) 176 

17. DOUGLAS PAPER NO. 8127, SEPTEMBER 20 - 22, 1988 
18. DC-~/DC-~/MD-~O/DC-~O/KC-~O OPEFATORS LETTER Cl-E60-HHK-89-L038, 

JAhWARY 19, 1989 

19. DC-9 MAINTENANCE MANUAL CHAPTER 12-53-0 

20. MD-80 MAINTENANCE MANUAL CHAPTER 12-30-0 
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T H E  EFFECT O F  WING I C E  CONTAMINATION ON FSSENTIAL FLIGHT CHARACTERISTICS 
by 

R. E. Bmmby 
Deputy Chief Design Engineer 

MD-SOIDC-9 Program 
Douglas Aircraft Company 
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L m g  Besch, Califomla 90846, USA 

SUMMARY 

Contamination of cntical a e d y n m i c  surfaces by ice, 
h s t ,  anfflor mow has been 8dent8fied as the probable cause of 8 

significant number of aircmft accidents. In most cases, the im 
conmination has not been larpc ice accretions on lhc lad ing  
edges or thick layers of adhering mow on the top of lhe wings. 
Rather. dangerous reductions in stall margins and handling qudi- 
ties can %cur k c a w e  of ice-related mughness equivalen~to that 
of medium-g"t m d p q w .  This paper desc"bes ty$cal effects of 
such roughness on lift, dmg, and pitching moment. and the corn- 
sponding effms on longitudinal and lateral c o n m l  chancteris- { 
tics during rotation and liftoff. Of p a t  imporlance is that the 
visual. aural, and uctile clwes signaling a developing critical situ- 

Figure 1. There Is No Such Thing as "A Llttle lw"  

DISCUSSION 

h recent years, a number of weather-related accidents has 
stimulated a renewed interest in the effects of adverse wcatheron 
aemdynmics. Among these effects is the contamination of s e n -  
dynamic surfaces by ice, f r o s ~  andlor snow. While such c o n m i -  
nation can adversd~ affect most basic aemdvnamic narameters. , ~ - ~ -  ~~. 
this p-ntat~on fwuses primaril) on the o v m l l  degradation of 
essential fl~ght charactenstics during the takeoff of an airplane 
lh8t has an tcc-conumtnated wmg. 

Most regulatims typically pmhib~t lakeoff with ice on the 
mtical surfaces of the ammft (Table I). For various reasons, 
however, tltcht crews will nnnliate 1 takeoff with s o m  form of 
lce c o n t ~ l n 8 t 1 m  on the wings and control surfaces. The result 
wn nnge from link or no sign~ficant control problems to total 
disaster. 

A somewhat in-bemeen case is shown in Figurn I. This air- 
plane made a normal approach into Sioux City, Iowa, in 1968. 
Mild icing was encounted  during the approach, but dm flight 
crew elected not to turn on lhe airfoil ice protection. Du"n& the 
turnaround. & light fmezing drizzle was faliing. The flight crew 

was advised bv m m d  maintenance ~ r s o n n e l  that there was ice , - 
on lhe wing and asked if the aivlane should kdc-iced. The 
flight crew declined the offer and proceeded with the takeoff. As 
the landing gear k g a n  to retract. the aimnfl rolled violentiy to 
the right. Rudder and aileron application brought lhe right wing 
up; however. the roll continued to h leh until the lee wing con- 
tacted the runway. TIC captain svcceeded in leveling the aircraft 
before it hit the ground a b u t  I I0  feet beyond the end of the run- 
way and skidded into a grove o r  trees where it came lo rest. as 
shown in lhe figure. 

Table 2 lists a "umber of icing-related accidents. W t l e  11 is 
by "0 means inclusive, it docs illustraw t h t  ace c m t m ~ n a l l m  ts  

devices such as the 737 

T k  most pdominanl  adverse effect of ice contamination 
is on the liftins characteristics of dm wing. It may be recalled 
that wing Ilft coefficient va"es with angle ofanxk.  as shown in 
Figure 2. Undernemal conditions, the airflow over a wing 
smoothly follows thc shape o f  the wing, as shown in the lower 
photopph,  and lift varies directly with the angle of snack. At 
some fairly high angle of attack. the airflow begins separating 
from the wing. cansing the lift curve to become mnlinear. or 
"break." When lhe airflow is essentially fully sepanted, as 
shown in the upper photograph, the wing is considered fully 
stalled. Betwten the p i n t  where the aimow begins separating 
and full slall is  a region often called "smll onset," where flight 
c h a n c t e ~ ~ t i c s  bcome increasingly degraded as lhe angle of 
attack increases. 

Tne m a 1  variation of lift with angle of attack can be sig- 
nificantly altered by ice contamination. As shown in Figure 3% 
the tv~ical  effect is to alterthe variation of lift with mele of . . - 
attack, rnduce the maxxmum lift capability of the wing. and cause 



Tlbh 2 
moil Awldents Where W n g  Ice fAnbmlnatlon la Conaldumd to  Ee 1 C o n l W U f  

Figure 2. Alrtlow Over a n  Alrioll and It8 E l t u l  on Ufl 

the wmg to stall at a lower than normal angle of attack. As wlll 
be shown shortly, these effects can be qu~te large 

Wmg ICC cmtm~nat ion can atso s~gn~licantly affect h e  air. 

plane drag as shorn, agar" typcally, an Fdgure 3b The effect9 on 
d m  can be lame enough that the dtfference between available 
lh&t and dmg-can ad&ely affect the airplane's climb capa- 
bility. This not only would make i t  difficult for the airplane to 
clear obstacles by the required distances, it could possibly result 
in the airplane's inability to climb at all i f  an engine fails during 
Iakeoff. 

Figure 4 depicts E typical total airplane piwhing moment 
cum. Foran airplane trimmed foc takeoff, the stabilizer is setto 
balance the moments due to bath aercdynamic forces and mner 
of gravity location $0 that the stick f o r e  at climb-out speed 
ranges from none to a slight pull. This balance i s  upset by wing 
ice contamination. panicularly on contemporary aircraft with 
tavred, swept wings. With contamination on the wings, the air- 
crab will increasingly behave as i f  i t  was mistrimmed in  the 

E l t m  of W n g  lu Cmbmlnatlon on Pltchlng 
Monunt 

LIFT 
COEFFICIENT 

-c, 

a. UFI COEITICIENT El 

normal during the Weoff rotation, and wi l l  require an abnomal 
push force to maintain the desired airsped du"ng climb. As with 
ither effects, this pitch-up tcndcncy becomes more pronounced 
as h e  mount of ice c o ~ l m i M t i o n  increases. 

D u h g  a normal takeoff, h e  aimaft sped xhedules are 
established for angles of attack below that for s d l  onset oracti- 
vation of stall-warning devices dependent on angle of anack, 
such as a stick shaker Figure Sa). However. for an airplane with 
ice con1amination, not only does stall onset occur at a lower than 
normal angle of attack, the airplane an& of attack must be 
increased i n  orderto produce the r e q u i d  lifi at normally %M- 
"led v e d s  Figure 5b). This cornpunding effect rapidly results 
in the aircraft's onemtinc into the "stall onset'' nan of the lift . ~ ~~~~ - , - 
c u m  (desc"bed earlier), and the increasingly unsteady airllow 
over the wing re~ults i n  comspondingly degraded latern1 slab+ 
iv, requiring larger and larger conml wheel inputs to keep the 

~ N G L E  OF A ~ A C K  -a ,  DEG DRAG C~EFF~C~ENT-cD 
Figure 3. Eltecl 01 Wino lee Conumlmllon o n  Llfl and Drag Coclticlenla 



Rgure 5. Eflect of Wtng Ice Contamlnailon on b b m l  
Control Chameierislics 

F i ~ u r e  6 shows an moirical cornlation of lift loss due to 
~ ~ ~ ~~~~ ~~~ ~~ 

wing sudace roughness, including ice contmimtion. It is inter- 

R g u m  6. C o m h t l o n  ol t h e  Effect ol Wng Su- 
Roughness on  M8xlmum un Codflclent 

The lower line in Figure 6 shows the lifi loss due to a k a l -  
i z d  Srip or narrow band of conmination on the leading edge. 
Much of the data for the l m e r  monnts  of contmination have 
ken  obtained from maintenance or flight training experience 
where some l o r n  of contmination such as insect debris. chipped 
paint, or b u d  rivets caused premature smll when the slats were 
retracted. but caused little or no noticeable effect when the slats 
were extended. Wind tunnel dam indicate that as the contamina- 
tion on the leading edge becomes larger, such as for in-flight ice 

accretions on the leading edge, slat extension will no hnger 
recover the lift losses. 

'The upper line in Figure 6 shows the lifi 1 0 s  due to mugh- 
ness on the ="tire upper surface of the wing, such as might be 
caused by frost, snow, or freezing drizzle while the aircraft is on 
the ground. OfpMicular note is the very large depdalion for 
even the d l e r  m u n s  of conmimt ion .  Also of i o ~ ~ t  rn 
the relatively men1 damdeveloped by Bming during flight lest- 
ing of second- and thid-genemtion mqmn aircraft with slats 
extended. lkst dam suggest that with essentially the entire wing 
upper surface covered with even small mounts  of cmtmina- 
tion, slat extension provides litlle w no movery of lift losses. 

Although Figure 6 shows a significant difference in lift loss 
tenveer, a n a m w  band of roughness at the leading edge and 
roughness over the entire upper surface, it is wonhy to note lhat 
recent unpublished data for slight roughness extending aftward 
from the leading edge to about 7-percent chord on b t h  the upper 
and lower su~accs (as might occur during a mild icing encoun- 
~ ~ r ) c a n c a u s  lift l o s ~ s i m i l a r  to  those caused by a fully mugh- 
ened Uppersudace. 

F i p r e  7 e r p d  h e  d m  fmm Figure 6 into an operatiod. 
ly maningfUI p c m t  increase in stall s w d .  Fmm this figum. 
the impnancc of maintaining the "clean wing" philosophy 
begins loshow, kcawe it k m s  readily apparent that it takes 
only a relatively small m o u n t  of mughness on the wing upper 
surfaces to cause large increases in stall speeds even with slats 
extended. Funher expanding the data to compam the mc&ure of 
mughness (WC) with various grades of abrasive paper, an esti- 
mate a n  k made (Figvre 8) of the smll speed increase that 
would occur on an aircraft about the size of a X-9,737. or 
BAC-I I I if the wing upper surface was contmi~ated  by ice 
having the rovghmss of various grades of abrasive paper. 'Thm 
familiar with the icing mughnes thst can occur during a k c z i n g  
d"zzle or when snow has pmially melted and then refrozen to a 
surface will probably a* that this range of mughnes is not at 
all unuwd under such conditions. With the stall speed increases 
s h o w  in Figure 8 ,  stall w m i n g  margins and margins to smll 
decrease markedly or disappear altogether. 



As noted earlier, the increases i n  stall speed also occur at 
much lower thui nonnal angles o f  attack (Figure 9). This cm 
h v c  at lust two adverse effects. Fim. many contemporary stall 
wmine  systems are Â¥ctuile at orescheduled an~les of mack. I f  
wing ice contamination causes i s ta l l  before this~reschcduled 
angle is reached, the flight crew wi l l  receive no warning of 
impcndinc stall. Second. the reduced stall angle of attack corn- 
pounds the problem of the tendency of an ice-contaminÃ§ic 
Â¥iiplu to pitch up during rotation, increasing the risk of over- 
shooting the stall angle shortly after liftoff. 

Flgum 8. M u e t l o n  o f  iln Angte of Atuck 1 S m I  DuÃ to 
Wing Surface R o u g h n e ~  

The overall effects of wing ice contamination on various 
flight characteristics of an aircraft during takeoff are summarized 
in Figure 10. In this fizure. stick force is the mount o f  oush or - .  
pull on the control column required 10 manage the pitch attitude 
of the aircraft. Pitch attitude is the angle of the airplane with 
respect lo a horizontal reference plane; angle of attack i s  the 
angic of the airplane with respect to its flight path, and wheel 
angle is the rotation o f  the control wheel required to manage the 
bank. or roll attitude. o f  the airplane. 

The scenario changes for an ice-contaminued airplxne. Part 
way h g h  the ukeoff rotation, the aircraft begins pitching up 
at a faster than normal rate, as shown by the dashed line in Fig- 
ure 10. I f  the flight crew is familiar enough with the airplane's 
norm?!chirtcteristics. it'might recognize the abnormal rateof 
rotation and counter i t  with an immediate forward push on the 
control column. I f  done i n  sufficient time. there should be little 
pitch attitude and angle of attack overshoot into the stall onset 
region, and any roll perturbations wi l l  probably be controllable 
with prompt wheel input. I f  the angle-of-amck overshoot is suc- 
cessfully iransitioncd. forward pressure will likely be required 10 
mainlain the target climb speed until the stick force is trimmed 
out. Failure 10 recognize any abnormal increases in the rotation 
m c  at. or hmcdit lely following. l iftoff can result in significant 
angle-of-aliack overshoot, accompanied by abrupt roll excur- 
sions and aerodynamic stall close to the ground, 

Of great importance is the lime span i n  which the adverse 
handling characteristics are manifested. Typical certified takeoff 
performance is based on a rotation rate o f  about 3 degrees per 
second (liftoff normally occurs at about 7 to9  degrees pitch ani- 
tude). I t  is in the vicinity o f  l iftoff attitude thai the abnormal 
pitch-up due to ice contamination begins to become increasingly 
a~oarent and. since the airplane's anele o f  atiack is increasins a~ ~ ~ 

~ ~ "~ 
much higherrues than i n  m y  other pan of the normal flight 
envelope, the airplane can reach stall onset angles a very few 
seconds after liftoff, with full stall occurring only a second or 
two after that. Thus, the flight crew of an ice-contaminated air- 
plane is placed i n  a situation where the visual, aural, and tactile 
clues o f  a developing critical situation occur within a very few 
seconds. Since this docs not correspond to any situation for 
which they have been trained or may have previously experi- 
enced, attempting takeoff of an ice-contaminated aircraft can 
result i n  an unacceptable safety hazard. 

For an unconluninated airplane, the stick force to rotate and CONCLUSION 
acquire the target climb speed &typically as shown by the solid 
line. The pitch attitude and angle o f  attack increase to their nor- F m  an aerodynamic viewpoint, there i s  no such thing as 
mat values, and there are no abnormal control wheel "a little ice." Strict attention should be focused on ensurinc that 
requirements except those caused by outside influences such as critical aircrafl surfaces are free of ice contamination at the iniii- 
crosswinds or gusting. uion of ukeoff. 
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Flgum 10. Eflw of Wing 1- Conumlnillon o n  Longltudliul Control C h m c f r i u l u  
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APPENDIX F 

DOUGLAS AIRCRAFT COMPANY GRAPHIC ILLUSTRATION 

A CORRELATION OF THE EFFECT OF WING SURFACE 
ROUGHNESS ON MAXIMUM LIFT COEFFICIENT 
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APPENDIX G 

COMPANY HISTORY PROVIDED BY RYAN INTERNATIONAL AIRLINES,  INC. 

Ryan International Airlines, Inc., is a Kansas Corporation which was 
founded in 1973. From 1969 to 1973, Ronald D. Ryan was chief pilot for a 
real estate development company and manager of its flight operations 
department. That department was spun off as a separate entity in 1973 with 
Mr. Ryan as President. The new entity began as a fixed base operation in 
Wichita, Kansas, and offered charter services in a single Lear Model 24B 
business jet. The original facility had 8,100 square feet of hangar space 
and 2,000 square feet of office space. 

Ryan grew steadily over the years and by 1978 had developed a need for 
additional space. In 1979, Ryan added a one million dollar expansion to its 
existing facility. The combined facility then had an 8,100 square foot 
hangar, principally for the show and storage of airplanes and a 12,700 square 
foot, 26 foot ceiling hangar for airplane maintenance. In addition, Ryan had 
approximately 10,000 square feet of office space. 

In 1978, Ryan began operation of Cessna Citation aircraft for Emery 
Airfreight. By 1981, Ryan was operating eight Cessna Citation aircraft each 
night for Emery across the nation. 

In late 1981, Ryan was selected as a major large aircraft carrier for 
the Emery Airfreight system. Ryan began operations with five Boeing 727-100C 
aircraft in November 1981. These aircraft were operated on a nightly basis 
and maintained an on-time performance record of well over 99 percent. Ryan 
has operated air transport category aircraft for Emery from that time to the 
present except for a short interlude in late 1988 and early 1989. 

In 1981, in order to provide additional space, Ryan purchased a 
leasehold interest in the adjacent Floair hangars at Wichita Mid-Continent 
Airport, and spent approximately seven hundred thousand dollars remodeling 
the facility. This added to the Ryan home base two additional 10,000 square 
foot maintenance and storage hangars and approximately 5,000 square feet of 
office facilities. 

The combined facilities gave Ryan approximately 45,000 square feet of 
hangar facilities and 15,000 square feet of office facilities at its home 
office location in Wichita, Kansas. 

Ryan began passenger operations in January 1984, with two Boeing 727- 
100s, which were based in Philadelphia and Baltimore. In January 1985, Ryan 
added a Boeing 727-200 Advanced aircraft, which also was based in 
Philadelphia. The airplanes were available for charter and regularly served 
the charter market both domestically as well as internationally. 

In 1985, Ryan sold its two Boeing 727-100 aircraft to Avensa, and in 
1986 its Boeing 727-200 aircraft to E. Systems. All were sold for 
substantial profits. 



In 1985, Ryan was selected by UPS to operate eight  Boeing 727-200 
advanced f re ight  a i r c r a f t  in the  UPS overnight system. Ryan maintained the 
most re l iab le  service record in the UPS f l e e t ,  even though these a i r c r a f t  
were undergoing a massive modification t o  i n s t a l l  a new and previously 
unproven conversion t o  f re ight  from passenger configuration. 

Because of t h i s  record and because of Ryan's expertise in a i r c ra f t  
technical management, i n  1986 Ryan was selected t o  operate the f i r s t  new 
Boeing 757 f re ighter  a i r c r a f t  in the UPS system in one of the largest  a i r  
transport  contracts ever awarded. Ryan eventual 1 y operated f ive of these 
f i f t y  mill ion dol lar  a i r c r a f t  in the UPS system and t rained UPS personnel t o  
f a c i l i t a t e  t h e i r  eventually bringing these a i r c r a f t  in-house. 

In mid-1986, the  stock of Ryan was sold t o  PHH Group, Inc., a major New 
York Stock exchange company. While under PHH control ,  the entrepreneurial 
s p i r i t  and service philosophy of Ryan seemed t o  flounder. The Emery business 
was los t  in June of 1988 and the UPS business was l o s t  in November 1988. 

In July 1988, Ronald D. Ryan bought back from PHH the fixed base 
operation and the r igh t  t o  use the Ryan name. In January 1989, Mr. Ryan 
repurchased the remainder of the  company, including a l l  of i t s  domestic and 
international a i r l i n e  operating authori t ies  and c e r t i f i c a t e s .  

Mr. Ryan immediately began t o  restore  the management team which had been 
with him over the years. Within a few months, a l l  of the  top managers had 
returned, and Ryan was prepared t o  resume major operations. 

On July 14, 1989, Ryan entered into a new contract  with Emery t o  operate 
eight Douglas DC-9-15F a i r c r a f t ,  beginning August 21, 1989. These were t o  be 
operated in the  United Sta tes  Postal Overnight system. The s t a r t  up  of these 
a i r c r a f t  went smoothly. However, approximately two weeks before the s t a r t  
date,  Ryan was asked t o  take on an additional nine Boeing 727-100C a i r c r a f t ,  
because Air Train was unable t o  accomplish t h i s  task.  Ryan was able within 
t h i s  span of two weeks t o  complete the s t a r t  up of the  eight DC-9s and the 
nine Boeing 727s, without incident. On-time performance standards have been 
excel 1 ent . 

The Boeing 727 a i r c r a f t  i n  the  Emery Overnight system were a l l  being 
operated by Orion in 1989. Ryan found out tha t  Orion was publicly s ta t ing  
t h a t  i t  was going out of business, December 31, 1989. Ryan approached Emery 
about the possibi l i ty  of Ryan operating the a i r c r a f t  then being operated by 
Orion. Agreements were signed on December 21, 1989. On January 2 ,  1990, 
Ryan began operating 25 Boeing 727 a i r c ra f t  nightly,  in the Emery system. 
The s tar t -up was without incident and an excellent on-time performance record 
has been maintained. 

Ryan's current f l e e t  consis ts  of twenty-four Boeing 727-100C a i r c r a f t  
and seven Douglas DC-9-15F a i r c r a f t .  They are based throughout the country, 
and operate e i the r  in the  U.S. Postal Service Day or  Overnight system, or  the 
Emery Overnight system. 
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