A3
S EEE

A3 muuunuhm




PB82-171596

.

i "
4
-
w
- N gl
g e b e e s WA g b
" e e -
-4
4, * .
w
r}

Special Investigation Report: Deaign-Induced

Landing Gear Retraobion Accidents in Beech
Baron, Bonanza, and Other Light Afireraft

i s — A - 5

 § : (U.S.) National Transportation Safety Board
3 Washington, DC

24 Jun 80

U.S. Department of Comiraerce
National Technical information Service




PR SR U R T R L -

P882-171596

RANS),

<
Nl O,

O

74

FAX!
<£

NATIONAL "ervs0
TRANSPORTATION
SAFETY

BOARD

S Tk T g RIS i A SRR WIS RA NP AT

WASHINGTON, D.C. 20534

R o M

Sl TN A

A g g -
RO Ny gjgat i

g A
s

W ML
e

SPECIAL INVESTIGATION REPORT

B Vi

3 ‘*}‘f"* :

3 e el
Lol a s
B AR Y
AT e

DESIGN-INDUCED LAHDING GF R
RETRACTION ACCIDENTS IN
BEECHCRAFT BARON, BONANZA, AND
OTHEX LIGHT AIRCRAFT

NTSB-SR-80-1

UNITED STATES GOVERMMENT

#is B - e e B
Lad s T e L . . . . S el . e e kst i Tade it By et ey
R Xt W U P TP O S N S IR PRV RE ST Y SRR SRR

T i R TR E

1
T S I Looeing b s igama L o
. Y Mgaietig - bl k1 C e . « 1l s - SR ¥ P |
. | S ) . . .
. o T T li' . b. . Tad
. L . . ‘s - h



YECHNICAL REPOPT DOCUMENTATION PAGE

e ———

I.N%%Q‘l‘stnfgé.l .Government Accesslon No. 7.Rmientis7crg? zo.

- Title and SubtTtie Special Invest| ation Report-- 5.Report Date

Design-Induced Landing Gear Retractlon Acclacnts June 24, 1980

In Beech Baron, Bonanza, and other Light Aireraft 5-::;“""'“9 Organization
) [

7. Author(s) Performing VrganiZa

Report No.

9. Performing Organization Name and Address 10.Work Unit hNo,

2990
11.Contract or Grant No.

National Transportation Safety Board
Bureau of Technology

Washington, D.C. 20594

13.Type of Report and
Period Covered

Special Invastigation Report
1975 to 1978

12.Sponsoring Agency Namc and Address

NATIONAL TRANSPORTATION SAFETY BOARD
Waskington, D. C. 20594

I4.Sponsoring Agency Code

15.Supplementary Notes

ll‘.Abst ract

A detailed review was made of all Inadvertent landing gear retraction accidents
occurring from 1975 to 1978, The data indicated that Beech Bonanza and Baron-type aircraft,
while comprising only one-quarter of the single-engine and light twin-engine fleets, were
involved in the majority of these accidents, Pilot comments and a human engineering
evaluation of cont alreraft cockpits revealed that these twc Baech alreraft had

d tend to increase the prehability of inadvertent retraction
of correcting these problems are reco nmended,

. i i Stat t
17.Xey Words Human Factors, Design-Induced Errors, 18.0Tstribution Staremen
Humen Error, Pilot Error, General Aviation Accldents, :Fhls document Is available
Cockpit Controls, Landing Gear Problems *0 the publte through the

National Technizal Information
Service

Springtield, Virginia 22161

79 Security Clas<ification 20.Security Classification | 2V.No. of Pages | 37.Price

(of this report; {of this page) 22
UNCLASSIFIED UNCLASSIFIED

"NTSE Form 1765.2 (Rev. 9/74)




CONTENTS
SYNOPSIS . . v v v v v e ven ey
"BACKGROUND. . » v v v v v v v e e v s
STATISTICS « « v v v v v v v s e et e e e s
HUMAN PACTORS ENGINEERING CONSIDERATIONS

DesignInducedErrors . . . . . v v ¢ v ¢ ¢ o o
Regulatory Requirements . . . . . . . . . . ..,

NESIGN DEFPICIENCIES . . . . . .

Inadequate Shape-Coding. . . . . . . .
Nonstandardized Control Location. . . .
Obscurationof Controls . . . . . . . .
Lack of Landing Gear Control Guard Latch

»
&
*
L ]

PROBLEM SOLUTIONS . . . ... .. ..
CONCLUSIONS. . . . . . . ... .4
RECOMMENDATIONS. . . . . .+ 4+ .




AR E S AL B srapbis s e o bt

Wy L A b % 14 b+

NATIONAL TRANSPORTATION SAFETY BCARD
WASHINGTON, D.C. 20594

SPECIAL INVESTIGATION REPORT
Adopted June 24, 1980

DESION-INDUCED LANDING GEAR RERTRACTION ACCIDENTS
" IN BLECH BARON, BONANZA, AND OTHER LIGHT AIRCRAPT

SYNOPSIS

A detalled review was meade of all inatvertent landing gear retraction
accidents occurring from 1975 to 1978 The data Indicated that Beech Bonanza and
Baron type aircraft, while comprising only onequarter of tha single-engine and
light twin-engine {leets, were involved in the majority of these aczidents. Pilot
comments and a human ergineering evaluation of contemporary light aircraft
cockpits revealed that these two Beech aireraft have four design features which
tend to increase the probability of inadvertent landing gcar retruction accidents.
Inexpensive methods of correct{ these problems are recommended.

BACKGROURD

Durirg this Investigation, the Safely Board reviewed its files for every
inadvertent landing-gear retraction accident between 1975 and 1978. Information
from these files indicated that such accidents typically occurred b>cause the pilot

was attempting to put the flaps control "UP" after landing, and moved the landing
gear control instead. The inadvertent movement of the dnrg geat conlrol was
often atteibuted to the pilot’s being more accustomed to flying aircraft in which
thece two controls were In cxactly opposite locations.

The review of the Safety Board's eutomated data base indicated that two
aireraflt types, the Beech "Bonanza™ (Models 33, 35, and 36), and the Beech
*Baron" (Models 55, 56, %8, and 95) were Involved In most of the Inadvertent
landing gear retraction aceldents wnich occurred from 1975 to 1978, 1/ The
Bonanza and Baron, 2/ however, constitute only about one-quarter of the active
light alrcraft fleet with retractadle landing gear. Inadvertent gesr retraction
sccidents may cause extenslve damage to the aircraft ($15,000 to $25,000 per
occurrence) and occasionally have resulted in occupant injuries. For these reasans,
the Safety Boerd undertook this special investigation to estatlish why these two
aircraft were experiencing a disproportionately high number of such accidents.

1/ The last year for which complete data are avallable,
%/ These two aircraft were also marketed under the names "Debonair™ and "Travel

" respectively,
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The Safety Board compsred the detalls of Bonanza and Bsron's cockplt
features to those of other contemporary ligh! alrecaft, The comparison Indicated
that the cockpit design features of the various models of Bonanzas and Barons
differed from those of most other contemporary light alreraft -- such as the
locations for the landing gear and flap controls. The human engineering problem
areas documented In the report resilted largely from the faet that thelr dasle
Instrument panel design is 35 years old. A great deal of knowledge about the
effects of good design in preventing human error has been acquired since these
alrcraft were originally certificated, and more appropriate standards have been
established. However, the current PAA regulations permit the contlnued
manufazture of these alreraft under their previously issued type certificates,

This report examines how cockpit design deficlencles generated the relatively
high rate 3/ of inadvertent gear retraction accidents in these two alrplanes. In
addition, I¥ will show how these deficlencles have contributed to accldents in other
types of aircraft because the pilots were moce famitisr with the nonstsndard
arrangement In the Bonanzas and Barons. The report also clearly indicates by
specifie examples the fallacy of continuing to produce new aircraft to certification
standards which have been bypassed by technology.

STATISTICS

The Bonanzas comprised only about 30 percent of the single-engine aireraft
Neet with retractadble gear, dut they were Involved in 67 percent of the accidents
of this type based upon the following information. The PAA records for
1978, 4/ indicate that the vaiivus Beechcraft Bonanza models comprised 9,430
alreralt in' a fleet of approximately 31,500 active single-engine aircraft with
retractable landing gear, and Safety foard data incicate that from 1975 to 1978,
these Bonanza were involved in 16 of the 24 !nudvertent gear retraction accidents.
(See Tadle 1,)

The Barons comrrised only 16 percent of tie light-twin fleet, but they were
involved in 54 percent of the aceldents of this type based upon the following
Information, The 1978 FAA recocds showed that the various Beechcraft Baror
models comprised 3,44t of the approximately 2i,000 active reclprocating engine
light twins, and during the 1975 1o 1978 perlod, Safety Board records indicated that
tre Barons suffered 21 of the 39 inadvertent gear retraction accldents. (Sce
Table 2.)

Therefore, the Bonanza and Baron alreraft have iredvertent gear retracticn
accident rates that are between two to four times the average rate for aireraft in
thelr respective categeries. In faet, they were involved in over 81 percent of all
these accldents from 1975 to 1978, white constituting only 25 percent of the active
fleet of light sircraft having retractable landing gear. These results are similar to

3/ These rates were derived far each type alrcraft by dividing the number of
Inadvertent landing gear retraction sccidents by the awtimated number of those
aircraft which were active,

4/ The last year for which complete data were available.

. - X S ettt ot - Cwa t
B "ot o o i, . 0 M )
s VLA L it s F I8 s " L il P -
- ‘e . - o L - N
R € e e rmp el e e - - R '
. . - - B . » R NS .
- il A . i R et
-+ P Lo . FURE I, il SR




. ‘Retyactable Landing Cear Focidents: Beachoraft
sonanza and Other Single Engine Aircraft ’

model . Date Locztion - Torel Pilot Houts in “otal Pild; Hours in Pilot Admitted Confuming —Pilox mm;ymxmtzy
' ) Accident Invoived ALl Makesn ancd ‘ _ Piaps with Landing . for a Raversed AYZangement
BEFECHCRAFY BONAEZA ' - Model Models - Gear S ' of Gear anc Flaps & =

BE~33 1/1975 Elko, WV TG ’ g : o o e
BE-3% &1 West Mifflin, PA’ -+ ) . : ‘ .
BE-35 €/1%/75 Jackson, {8 =20
8E-3% 9/2/7> Minneapolls, M
BE-35 §/7/75 Iaravie, WO
BE-36 1/19/76 Camdenton, MO
BE-35 3/21/76 St. Joseph, WO
BE-35 f&fﬂﬁﬁv:mﬁlhr FL
RE-3S 7/3/76 San Caxlos, Ch
BE-35 5/54/71 Jacksonwille, TL
| .BE-3S G/4/7T Ressemer, AL
. BE-28 B/577T TDallaw, b .
BE-3I3 8728477 Feystone Heigats, FL
Be-36 3/3C/77 Keystooe Beights, FL
‘Be-15 10/16/77 San Jose, CA ~
BE-35 1/6/76. Meadville, PA

. PIPER . .
PA-2d. 5/10/76 Greenwood, ST
"PA=24 6/12176 weleshioe, TX
PR-24 T/13/76 Columbia, SC
PA-24  11/23/76 Birminghas, AL

- MOCHEY '

N=20  T1/24/76 lasx Vegas, &V
w20 520778 Westerly, RI
M=20Q T/2L/78 Atlanta, GM

CESSTAA
C~Z10 5/19/77 Mmarillio, TX
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Retractable tarding Cear Mcmur Beecm:nft Ba:m

sad Ocher Twin Engioe Alrcrafz

Pilos . Plloz
Tozal Houzs in
Aceident Invelved All Makes snd

Model - Models:

Total Hours fn

Pilor Admitted
€onfusing Flaps

“uith Landing Cear

4':Icversed A!tanseacﬁt

“PLlot Scated a
Familtarivy For a

1

" BEECHCRAFT EARON

3E-35
38
BE-38
BE-35
52-58
- BE-58
32-58
BE-55

SE-587

BE-35
BE-55
BE-54
3Z-38 .
BE-58 .
BE-58

| BE~S58

»2-53
BE-55
BE-58
BE-SS
BE~55

2726475
/5175

/23775
1712775
8/20f75

S 9f257/TS

97297735

LR3N76

1720578
i
35517
812777
LIF2T
12716577
5122578
3oV /78
&/16/78
T/LL/78
"B/Y6/T78
3723178

12126118

Yalghag, AL
Litcle Rock, AR
Halla Waila, WA
Albuguerque, N
Hickory, NC
hmarilla, TX
Crosscut Cicy, FL

HISC!LL&REBUS TWIN ENGINE MODELS

PA—ZJ
. G421
BE~50
L 326
C-33
AS-~GOG
C~421
PA-23
SA-28&
PA~30
Pa30
U PA-4G
=310
PA-34
4500
AC-500-

&/3/7s

C8FEILVS

L1fr6
4f)15/76
7/21/76

8417776

e/12f76
I 16/7%
W/20.076

*f6/77

/3777
6122/77
06/5477
4/4/73
1/29/187
7731778

‘BlBS18
i Loy T k3

?latcgburgnf Ny
Chattancogs, T
Jacksonville, Fr
Cranbury, TX

Mew Samyra Beach, FL
Weet Mifflfn, PA

" International Paus .

Penopolis, AL
Clatire, MI

Tuscaloosa, AL
Brovksvilie, FL
Aghgville, NC
Cairo, GA
Cheyenne, WY
Toglac, AL
Bogton, MA.

1as Vegas, XV
Conacord, NC
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thusy reported in an earller Safety Board Speclal Study, published in 1967,
concetning design-induced pilot error, 5/ That report concluded that the carly
Bonanzas, while comprising only 22 percent of the fleet with retractable landing
gear, accounted for 48 percent of the inadvertent gear retraction aceldents. The
number of such accidents invelving the Bonanzas and Barons, and thelr individual
accident rates, are several times as great as those of most other similar
contemporary light aircraft. Figure 1 graphically Illustrates these facts. For
instance, the significant diffecences In the rates of occurrence of inadvertent
landing gear retractlion aecidents can be seen by comparisg the Bonanza with a
similar aircraft, the Cessna 210, The 4,741 Cessna 210's, which comprised 15
percent of the single-engine, retractable gear fleet in 1978, only had 4 percent (1
accldent) of the inadvertent landing gear retraction accidents oceurring to single-
engine aircraft during the 1975 to 1978 period. In contrast, the Bonanzas,
comprising about 30 percent of the fleet, experienced 67 percent of these
accldents (21 accidents) -- an gccident rate about 10 times as high as that of the
Cessna 210.

Simiiarly, the accident rate of the Baron can be compared to the Piper PA-23
Aztec, a similar light twin. The 3,459 active PA-23's compeised about 16 petrcent
of the 1978 light-twin fleet, but suffered only 8 percent (2 aceldents) of the
inadvertent landing gear retraction acceldents oceuring to light twins from 1975 to
1978. In contrast, the Baron, slso comprising 13 percent of the twin fleet,
experienced 67 percent of sucih mishaps (16 accldents) -~ an accident rate of about
8 times that of the PA-23.

The Safety Board's review of its accident files for the 63 accidents from 1975
to 1978 revealed several facts., Tables 1 and 2 indicate that there s Lttle
correlation between pilot experience, either in total hours or hours in type, and the
occurrence of these accidents. This is illustrated by comparing the hours of the
Bongnza and Baroi pllots with the hours of the pilots having such aceldents In other
single- and twin-engine alreraft, The data from Tables 1 and 2 Indicate that in 63
percent of the Bonanza accidents and in 81 percent of tie Baron accidents, the
pilots specifically admitted that they confused the landing gear and flaps conteols,
In many cases, they mistakenly retracted the gear while intending to raise the flaps
after landing. Such explanations usually were not offered by the pilots having this
type of accident in the other aircruft.

An analysis of the NTSB data also revealed various circumstances which may
have contributed to many of these accidents, Some pilots were either in stressful
situstions (such as In danger of running of! the runways) or they were dislracied
(such as by a tower controller's request to vlear the active runway), or they may
havc been inattentive (such as when returning from a fatiguing flight).

5/ TAlreralt Design-Induced Pilot Error,” NTSB Special Study PB 175629, July
1967,
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HUMAN FACTORS ENGINEERINIG CONSIDERATIONS

Design-Induced Eirors

There are numerous documents which descrive th2 use of human engineering
design features to decrease design-induced pilot erior accldents. For example, a
clessic 1947 study, €/ which surveyed hundreds of inilitary pilots, found that
confusing the flaps and landing gear controls was the second nost frequent type of
pilot-error control problem. The previously noted Special Study, "Alreraft Desigo-
Induced Pitot Error,” was a comprehensive document detalling meny of these
problems, ircluding the increased number of inadvertent gear retraction accidents
resulting from certain aircrafi design features,

The accidents reviewed during this special investigation ilustrate the ieed
for rigld acherence to procedures, constant vigilance, and total familiarity with the
cockpit layout on the part of the pilot. However, they also illustrate how design
deficlencies can add to a pllot's burden and Increase the likelihood of an accident,
The {ollowing pilot statements were extracted from Safety Board accident files:

Bonanza, Elko, Nev,, January 19, 1975:

"When [ reached to retract the flaps, I hit the gear switch instead. !
also own a PA-30 in which the switches are In reverse to the Beech."

Baron, Plymouth, Mass., March &. 1975

"] kave thousands of hours in alreraft in which the flap switch is located
where the gear switch is on the B-58 which was & contributing factor.”

Baron, L.as Vegas, Nev., January 1, 1877:

"During' rollout, ut pbout 35/40C kts, pllot (me) retracted gear thinking it
wus the flap switeh., Pilot used to flying Cessna 210 and flap switeh is
located where gear switeh is located on Bsron, Dumb pilot error.”

Baror, San Antonin, Texas, August-7, 19%7:

"Mcre careful familiarization with the instrument panel set up, This
alreraft had a reverse set up for flaps and gear handles than the
opecator wasr u:sed to."

Baron, Hickory, N.C.. August 16, 1978:

"Reached to retract flaps as for short field procedures, however, flap
switch on Baroil Is reversed with landing switch on Cessna and Queen
Alr, pllot retracted landing gear instead of flaps."

8/ "Analysis of Factors Contritkiting to 460 'Pilot-Error® Experlences in Operating
Aleeraft Controls,” by P.E. Fitts and R.E. Jones, USAF Aero Medical labocatory,
Memorandum Report, July 1947.




Pipor PA-18, Platts, New York, June 3, 1975:

"Speed on rollout down to about 30K. Pilot went for flaps and got gear
hande.”

*Pllot has over 100 hours recently in 310 with some landings in this
type. Recently transitioned to Aztec, Position of gear end flap levers
are reversed on these models, Standardization of position In alreraft
might help to remove part of the hazard of transition.”

Cessna 320, Granbury, Teaas, Apeil 4, 1976

"I have been flying a Bonanza and the gear cnd flap switeh positions on
Bonanza are exactly opposite to Cessna 320,"

"Require all manufacturers to place Important controls cencistently.
Can you imagine a Cadillac and a Lincoln w'th brake and throttle in

opposite positions?”
Regulatory P.equirements

Regulatory requirements for the location and shape coding of controls were
first adopted October 1, 1959, by Amendment 3-5 to the Civil Air Regulations,
which revised Section 3.354. These regulations were essentially;y identical to the
current Federal Aviatlon Regulstions adopted in September 28, 1964, which require
that the location and shape-coding of controls be stendardized as folows: 14 CFR
23.717 states: "Wing flap and auxillary 1ift device contrcls must be located--(1)
Centrally, or to the right of the pedestal or powerplant throttle control centerline;
and (2) Far enough away from the landing gear control to avoid confusion,” The
landing gear contrul gear must be loceted to tha left of the throttle centerline or
pedestal centerline. Regulation 14 CFR 23.7%1 states: "Cockpit controls must
confarm to the generel shapes (but not necessarily the exact sizes of specific
proportions) in the following figure.” (See ligure 2.)

Tha Cevanze was first type-certificated in 1945 and later recertificated in
1956. Also in 1956, the nonpressurized Barons were (irst type certificated. At
that time, the Civil Afr Regulativns did not specity lucation or shape of the landing
gear cnd flap cont-ols. In 1959, the regulations were amended but the Bonanza and
nonptessurized Barons were not required to meet ihe amended regulations end
therefore continued to be produced under the earlier type certificates. The
pressurized Barons were certificated In 1974 under 14 CER 23, and therefore hsd
to meet the raquirements for the location and shape of these controls,

DESIGN DEFICIENCIES

An examipation of cockplts of the Boranza and Raron revealed four design
deficiencies with regard to their landing gear and flsp controls which can lead to
‘esign-induced pllct errors. Tbese deficlencies Inelude: (1) A lack of adequete
“shape-coding” of these control knobs to periit the pilotl to differentiate between




1

L ANDING GEAR CONTROL KNOB FLAP CONTROUL KNO3
Pigure 2.—Currently "requircd* control knob shapes 14 CFR 23.781,

them on the basis of feel alone; (2} an arrangement of these two controls In
nonstandard locations which increases the probability that the pilot will actuate
one control while Intending to actuate the other; (3) the location of the horizontal
bar on which the control wheels are mounted so that it obscures the pilot’s view
and obstructs his reach of these two controls; and (4) the iack of & guard or latch
mechanism over the landing geat control (o prevent the pilot from actlvating this
control unless the guard/latch Is moved first, (See figires 3 through 8.)

While various other types of modern light aircraft may have one oi these four
problems, the Bonanzas and Barons are the only aircraft produced in recent years
with multiple combinations of these design deficiencies. (See Tablez 3.)

Table 3,

Design Deficiencies for Different
Bonanza and Baron Models

1/
a-
Deficiency  (pre-1963) (post-1963) (Nonpressurized) (pressurized)

Design Bonanz Bonanza Baron Baron

Inadequate
Shape-Coding X

Nonstandard
Location X

Obscuration
of Controls X

Lack of
Guard Latch

1/ No longer in production.
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Figure 3.-~Identically shaped tab-type «-ontrol switches of
early model Bonanzas (circa 1948). Note: Landing gear switeh is in the
neutral posi*ion in left photo and in the raised position at in right photo.
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Figure 4.—Bonanza (circa 1955) with t2b-type switches incorporuting

small protrusions on flap contre! and landing gear control on: left and

right, respectively, (See black arrows.) The safety latch for the landing
gear switch is indicated by the white arrow.
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Figure 6.—Duat control wheels on bar (late mydel Bonanza).
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Figure 8a.—Pilot's view of landing gear and flap switches partially
| obscured by the sontrol wheel bar.

{-w,._ //
\ .

Figure 8b.--Pilot's view of landing gear and flap switches obscured
by control wheel bar.
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Inadequate Shape-Co:}r;g.- ~The significance of shape-coding to reducing pllot
ercor wes clearly recognized In the 1947 study cited above by Fitts and Jones which
rerommended shape-coding to pravent such errors, Classie research studies 7/have
shownt (1) How cerltein knob shapes can be distinguished solsly on the¢ basis of
touch, and (2) how by using symbolie shape asccclations which arc similar to the
functicn of the control (L.e. wheel-shaped knob for landing gear) the probability of
misuse can be minimized.

The lack of shape-coded contro! knobs har been documeated on the early
Bunanzes by the Safety Board wpecial study cited previourly. In deseribing chese
tab-type switches this report siated that ", ., the landing gear control and wing
flap control ere Included in a row of similar switches or more precisely, nearly
identical switches." {(3ee figures 3 and 4.} The accident rate nf the Bonanza was
mote than twice the average rate for all aircraft with retracteble landing gears,
When Becch redesigned the Sonanza cockpit In 1983, they did Incorporate (ull
shape-coding on these controls, but thay deleted the iatch which had been
incarporated on pravious models,

Nonstandardized Control Location.--The significance <4 stsndardized
locations 1o reducing pllot error was elso clearly described In the [947 Fitts and
Jones study. As witis shape-coding, this document récommended standardizing th2
location of \hexe controls to prevent ercors. A 1977 FAA sludy 8/ states that
V... Inereased standardization of cockpit systems can reduce cockpit workload,
reduce the poteatial for habit interforence when transitioning to another type
alrereft, and provide for application of the best and most error-resistant designs.”

The detrimentul effects of a nonsiendardized control arrangement esre
illustrated ty the contrasting sccident rates of {ne Bonanza and the Cesna 210,
which has a standard control arrangement. As s}, - 0 by statistics, the Bonarna's
Inadvertent landing gear retraction acclcent rate i1s 10 times higher than that of
the Cessna 210.

Obscuration of Conlt \1s.-~The problein of inadvertent gear retraction on the
Bonanza and Baro alrcralt .8 compounded further by a design feature of the flight
conteol syitem which s unique (o these two alecraft, ‘The system utilizes a large
horizontal cross-bar on which the control wheel (or wheels) is mounted. The two
versions of this ctntrol system are (1) the single control wheel with a "throw-over"
mechanism which allows the whesl to be placed In front of elther the left or the
right front seat (see figure 5), and (2) the dial control model where wheels are
available to both seats (see figure 6).

77 W.0. Jenkins "Tactile Diserimination of Shapes for Coding Alrcraft-Type
Controts." U.S. Army Alr Force, Aviation Psychology Program, Research Report
19, 1547,

8/ “"General Aviatien (RAR 23) Cockpit 3tandardization Analysis® by R.J.
Ontiveros, R.M. Spanglor, and R.L. Sulzer, FAA, NAPEC Regort No. RD-77-191,
March 1978.
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Thire are two problems assoclatsd with this control system: (1) the
heelzontal bar is large enough to block the pllot'a ylew ¢f the gear and {lap control
switches forcing the pilot to rely on hiz sense of feel to identify tihe desircd
coatrol, and (2) the pilot must reach arovnd the bar to activate these controls.
(See figures 7 and 8.) Both of these problems are more of a hindrance to pllots of
small stature and when the wheel is relatively far forward. The control switches
ere relatively small Irn comparison to those »n many other aircraft, This also tends
to decrease the pllot's ability to differentiaty those controls by feel.,

The pressurlzed Baron (53P), which was ccetificeted In 1974 and meets 14
CPR 23 requirements with ~espect to landing gear and flap contral location and
shape-coding, was invcddved in only one landing gear retraction acceident Juring the
1915 to 1978 period. Ironicully, iha pilot atiributed his mistake In part to the fact
that he was more familiar with the nonstandard control arrangement of the
unpressurized Baron and Bonanzs. However, e also pointed out that his view of
these controls was blocked by the wheel-motiting mechanism,

Lack of a Landing Gear Control Guard Latch.--The advantages of
Incorporating a latch or guard on the landing gear econtrol can be seen by comparing
the sccident rate of the Baron with that of & similar aircraft, the Pipee P \-23
Aztes. 9/ The PA-23 i3 the only other light twin currently belng oroduced -i.th a
nonstandard gear and flap control sreangement. However, the landing gear control
on this aircraft is protected from nadvertent actuation by a separate mechanical
guard latch, and as noted earlier, its inadvertent landing gear retraction eceldent
rate is only one-tenth that of the Baron.

PROBLEM SOLUTIONS

The Increased potential for inadvertent landing gear retraction accidents on
the Baron was vexognized by FAA In 1973, when the agency retrofitlted its own
Barons with a spcclal guaed over the landing gear control. This guard must be
raised befare the goar control cais be put In the "UP" pasition, (See figure 9.) Thie
FAA-developed device is a simple spring-loaded guard that Is altached to the
instrument panel. 10/ The cost of the parts (a modified toggle switch guard and
attaching screws) was minimal, The largest expense was the labor fnvolved. FAA
mechanies suggested that this was due to the prototype nature of the modification,
which required removal of the control wheel bar and Instrument pane! cover.

If these guards wore to be installed on a large number of aircraft, & well
designed, easy to operate, customized guard could be developed. Ideally, this
device could be Installed without the removal of the yoke and instriment panel,
thus the totel cost of the device and its installation shculd be minimal, The landing
geat controls on the early (pre-1963) models of the Bonanza could be easily
modified by attaching a wheel-shaped knob to the existing switch or by replacing
the existing switch with otie Incorporating a wicel-slaped feature. The cost of
such a modification also should be minimal, On newiy tmanufactured Bonanzas and
nonpressurized Barons, the cist of installing such a grard and relocating the Nap
and landing gear controls to the standard configuration (as on the pressurized
Baron) would be minimal, beccuse these controls are simple electrlcal toggle
switches which can be located in a varlety of places.

g? The etrly models of the PA-23 were marketed under the nam ~ "Apache.”
10/ *Landing Gear Switeh Guard Installation,” Tevhnical ° .nce Bngineering
Order, No. 72-20-2, PAA Aeronautical Center, Novembar 187 <.




N i e — L by St

..18-

CONCI.USIONS

The Safety Board concludes that the number of inadvertent landing gear
retraction accldents in the Beech Bonanza and Baron is unnecessarily high in
comparison to othet contemporary general aviation aircraft. The Bosrd also
concludes on the beds o: varlous pilot statements, a review of the human factors
rescarch literatw ¢, and \ detailed analysis of the cockpit features of there aifreraft
that these accidents n wult largely from varlous combinations of four design
deficlencles — inadequsata shape-coding, nonstandard location of controls,
obscuration o contro's, and lack of a guard latch o the landing gear control.

Newly manufactured Baron and Bonanza alrcraft could teedily be made to
comply with the requirements of 14 CFR 23.7'7 with respect to standardized
contrdd locations. Guards cr latchs on landing gear controls also should be installed
on all newly munufactured Barons and Bonanzas (including the pressurized Baron).
This Is necessary because of the obscuration of these switches by the control-wheel
bar and because the flap and gear switch locations could be both standard or
nonstanisrd, depending on the model and the model year. The Board also belleves
that stinple landing gear control guards should be retrofitted on previously
produced Barons and late model Bonanzas, and a wheel-shaped control should be
added tc earller model Bonanzas., The Board believes that the costs of these
slmplistic modifications would b reasonable.

Finelly, the Safety Boerd belleves that the practice of permitting alreraft to
be built for an unlimited time undet the standards to which they were originally
designed should be rneconeidered. A detailed discussion of tid: topic is beyond e
scope of this investigation. However, the Board is vitally converned about s
practice. This situstion is not indque to the problem or to the tvpes of al' _.aft
discgssed In this report. The Poard intends to examine such questians in depth in
tha future,

RECOMMENDATIONS

As a result of this Investigation, the National Transportation Ssafety Board
recommends that the Federal Aviation Administration:

Require alter a specifind date that all newly manufactured Beecheraft
Baron and Bonanza models conform to 14 CFR 23.777 with respect to
landing gear and flap conteal locations and that they have an adequate
latch or guard to minimize Inadvertent landing gear retraction.
(Class 11, Priority Action) (A-80-56)

Require thit after a specified date, previously manufactured
Beechereft Baron and Bonanza aircraft which do not conform to the
landing gear and flap control arrangements outlined in 14 CFR 23.171,
be equipped with an adequate guard or latch mechanism to prevent
Inadvertent netuation of the landing geer controls. (Class I, Prioeity
Action) (A-80-57)
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Figure 9.—FA A-~designed guard for landing gear control
switen (being lifted).
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Require that after a specified date, the landing gear ecatrol
switch on the prc-1963 model Beecheralt Bonanzas be
modified to Incarporate a wheel-shaped knod as cutlined In
14 CFR 23.781. (Class I, Prioeity Actlon) (A-80-58)

BY THE NATIONAL TRANSPORTATION SARETY BOARD

/s/ JAMES B. KING
Chairman

/s/ PATRICIA A. GOL.DMAN
Member

/s/ Q. H. PATRICK BURSLREY
Menber

T~ 7 DRIVER, Vice Chairman, and PRANCIS iI. McADAMS, Member,
did not participate,

June 24, 1980
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