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In recent years, airplane safety has shown improvement in all
segments of flight except during takeoff or abort situations.
More than 4,000 takeoff-related accidents occurred between
1983 and 1990, resulting in 1,378 fatalities, according to the
U.S. National Transportation Safety Board (NTSB). Among
large airliners, 8.7 percent of all accidents occurred during
takeoff or abort situations; for regional airliners, 12.5 percent
occurred during this critical phase.

Current flight management systems do not comprehensively
or effectively monitor airplane performance on the runway.
In particular, they do not provide pilots with timely
knowledge of their measured along-track acceleration
relative to a computed nominal acceleration based on
existing conditions and standard (i.e., ideal) execution of
the takeoff roll maneuver. They also do not provide explicit
advisory “GO/NO-GO” decision aids during the takeoff
roll.2 Thus, many serious takeoff-related accidents might

be prevented or downgraded to relatively safe, low-speed
aborted takeoffs if an appropriate takeoff performance
monitoring system were available to the flight crew.

Several performance monitoring systems and procedures of
varying complexity have been proposed over the years, but
none have been implemented and tested on commercial
transport aircraft.3% The U.S. National Aeronautics and Space
Administration (NASA) Takeoff Performance Monitoring
System (TOPMS) was devel oped as a computer software and
hardware graphics system to assist pilots in the continual
assessment of the takeoff situation. The TOPMS software
drives cockpit displays that graphically indicate takeoff
performance relative to a reference performance, engine
condition and a continually updated prediction of the runway
position wherethe airplane can be braked to astopif an aborted
takeoff becomes necessary. It also provides explicit GO/NO-
GO advice in the form of situation advisory flags (SAFS).
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The TOPMS has been evaluated in several phases at the
Langley Research Center, Virginia, U.S. After a detailed
TOPMS algorithm was formulated and developed in batch
simulations,”8initial head-down display (HDD) graphicswere
implemented and eval uated on the Langley Transport Systems
Research Vehicle (TSRV) real-time, fixed-base Boeing 737
simulator. The TSRV airplane used for flight tests of the
TOPMS s a highly modified Boeing 737-100 containing the
research flight deck (aft) inside the fuselage (Figure 1, page
3). Figure 2 (page 4) is a photograph of the interior of the
research flight deck; the front cover shows a close-up of the
primary display (PD) navigational and TOPM S display (Nav/
TOPMSS), and the navigation control and display unit (NCDU).

The TOPMS algorithm was programmed on the TSRV
existing flight displays computer. The airplane high-speed
digital autonomous terminal access communication (DATAC)
system supplied the algorithm with measured data from the
airplane sensors and delivered computed data to drive
symbology onthe airplane’selectronic display screens. Three
sources of acceleration signals were used during the test
series. The airplane body-mounted accelerometers and a
gimbaled inertial measuring unit (IMU) generated satis-
factory TOPMS input signals. Partway through the TOPM S
test series, astrap-down air dataand inertial reference system
(ADIRS) packagereplaced theIMU onthe TSRV. TheADIRS
along-track acceleration sighal was so noisy that its use was
discontinued after six test runs. (In postflight analysis, this
signal was found to be inadequately filtered for use in the
runway research operations.)

The initial TOPMS displays were evaluated for content,
credibility and comprehensibility by 32 research pilots, U.S.
Air Force pilots and professional civilian pilots. They found
that the displays were easy to monitor and provided valuable
safety, performance and advisory information currently
unavailable in commercial cockpits. In addition, the pilots
suggested minor changes to the HDD graphics and recom-
mended devel opment of asimplified TOPM S head-up display
(HUD) to complement the HDD.® A second simulation study
that followed incorporated a revised HDD in front of each
pilot and asimplified HUD in front of the pilot flying during
takeoff. Seventeen evaluation pilots in the second study
(including eight pilots who participated in the first study)
provided additional insight into the desirability and impor-
tance of particular display symbology and formats.10 Subse-
quently, the HDD graphics were revised further and the
TOPM S was implemented on the TSRV research flight deck
for the flight tests discussed in this report.

The TOPM Sflight testsfocused on verifying that the TOPM S
would operate satisfactorily in a typically noisy airplane
operating environment using preexisting flight computers,
sensors, data buses and displays. The TOPMS displays were
available only to the pilot in the research flight deck (viz., the
TOPMS pilot) and only the latest version of the HDD
symbology was tested. The test plan focused on producing

Table 1
Symbols Used in This Report

A curve-fit coefficients, n =0,1,2,3
(equation (2))

a acceleration, ft./sec.2
(equations (1) and (2))

D drag, Ib.

d takeoff-roll computed distance from
measured acceleration, ft.

d takeoff-roll computed distance from
measured ground speed, ft.

dy takeoff-roll measured distance from
radar laser tracker, ft.

dp take-off roll predicted distance from
nominal acceleration, ft.
L lift, Ib.

m mass, slugs

n counter, consecutive error band
excursions, n =5,8,10

T thrust, Ib.

V, critical engine safety CAS
(decision speed), knots

V, takeoff safety CAS
(climbout speed), knots

Vi rotation CAS, knots
V;  true airspeed, knots

W  airplane gross weight, Ib.

H, coefficient of rolling friction

Source: U.S. National Aeronautics and Space
Administration, Langley Research Center

appropriate displaysfor monitoring avariety of test conditions.
Although most of the data gathered were qualitative, some
numerical datawere obtained during six test situations.

The flight tests demonstrated that TOPM S technology de-
veloped onthe TSRV B-737 simulator had been successfully
transferred to the TSRV. The TOPMS algorithm predicted
runway distances with reasonabl e accuracy, and the displays
depicted the various test conditions and GO/NO-GO advi-
sories correctly. For example, in six normal takeoff runs,
most of the pretakeoff-predicted and real-time computed
distances to accelerate the airplane to takeoff speed agreed
within approximately two airplane (TSRV) lengths. A
ground-based laser radar tracker at the Wallops Flight
Facility, Virginia, U.S. continually measured the TSRV
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Figure 1

range during two of these runs and showed that the airplane
position when it reached rotation speed V was approxi-
mately one half of an airplane length farther down the
runway than was predicted during pretakeoff computations
and approximately two lengths farther than the distance
computed in real time by the algorithm. Similar agreement
was obtained for two runs that were aborted at approxi-
mately 80 and 100 knots on dry pavement. Postflight
analysis showed that had the airplane’sindependently mea-
sured ground speed been the basis of the computed runway
distance in the two executed and two aborted takeoffs, the
computed and measured distances would have been in much
closer agreement.

The TOPM Sisacomputer software and hardware graphics
system that visually displays engine status, runway perfor-
mance and situation advisory information to aid pilots with
their GO/NO-GO decision to continue or to abort a takeoff.
The TOPM S algorithm computes and manipulates airplane
performance and related data and commands the color
display of both elemental and summary symbology. The
elemental information consists of pretakeoff-predicted and
real-time-measured indicators of performance and their
effect on where the airplane is expected to reach takeoff
speed or where it could be stopped in an abort situation
(with maximum braking, but not reverse thrust). The
summary information consists SAFs that alert and advise
the pilots when the takeoff situation has degraded to the
degree that it may be wise to abort — or not to abort if
insufficient runway distance is available.

Algorithm

The TOPMS algorithm consists of two segments: a pre-
takeoff segment and a real-time segment (Figure 3, page
6). The algorithm is briefly described in the next two
sections; a detailed description of its development is given
in references 7 and 8.

Pretakeoff calculations. When activated during pretakeoff, the
algorithm obtains and uses nominal and/or current values for
several key parameters (Table 2, page 5); checks for system
anomalies such as misconfigured flaps or inconsistent input
data; and determines schedul ed valuesfor engine pressureratio
(EPR), critical engine safety speed (V,, also called decision
speed), rotation speed (V5) and takeoff safety speed (V). The
algorithm extracts values for these parameters from data files
that contain pertinent tables from the airplane flight manual.

Using datafrom detailed mathematical models of the engines,
landing gear and aerodynamics for the host airplane, nominal
valuesfor the parameterslisted in Table 2 and the appropriate
EPR value for existing conditions, the algorithm calculates a
predicted nominal acceleration performance of the airplane
for the planned takeoff. It also predictswhereV, andV  should
occur during anominal takeoff roll and warns the pilot when
the length of the assigned runway appears too short for the
planned takeoff.

Thenominal performanceisrepresented by acurve of nominal
acceleration vs. true airspeed (V) generated from equations

FLIGHT SAFETY FOUNDATION « FLIGHT SAFETY DIGEST « OCTOBER 1994




Source: U.S. National Aeronautics and Space Administration, Langley Research Center

Figure 2
1 and 2 and plotted with an appropriate curve-fitting method. 1. Equation 1 is solved using an extremely low value of
Equation 1 definesthe nominal accel eration during the takeoff 1. = 0.005 and nominal values for other conditions
roll as over the takeoff speed range. Theresulting curve (after
engine spool-up transients settle out) is plotted as the
a=T-D-p(W-L) m D upper boundary in Figure 4 (page 6) over a speed
m range from approximately 10 knotsto V, speed.
where the airplane approximate gross weight (W) isknown, 2. Equation 1 is solved again for an extremely high
the rolling-friction coefficient (u,) is estimated for the value of . = 0.04 and plotted as the lower boundary
perceived runway surface condition, the values of lift (L) in Figure 4 over the same speed range.
and drag (D) are obtained by the algorithm from the
aerodynamics mathematical model, and thrust (T) is 3. Equation 2 is fitted to each of the above curves
computed from the engine model for a typical throttle- using the sum of least-squares error method. As
movement history from idle to the position of scheduled shown in Figure 4, the correlation using this
EPR. method is excellent (the computed and fitted curves
for each value of p, essentially lie on top of each
The same acceleration as a cubic polynomial inV that is other).
fitted to the equation 1 curve through the coefficients A | of
the powers of V. (wheren = 0,1, 2, 3) is expressed as 4. The two sets of curve-fit coefficients are then
stored where the algorithm can access them when
a=AgtA V+A V2 +A V3L 2) subsequently creating anominal acceleration curve
corresponding to any estimated value of p = 0.005
The conversion process involves the following steps: to 0.040.
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A representative nominal acceleration curve for adry surface
(1, =0.015) isplotted asasolid linein Figure 5 (page 7). This
curveiscreated by linear interpolation of the two setsof curve-
fit coefficients obtained above. After the curve-fitting process
is complete, the pretakeoff segment nominal performance
parameters are transferred to the real -time segment, as shown
in Figure 3 (page 6). This process is treated in considerable
detail in reference 8.

Real-time calculations. A block diagram portraying real-time
operationsis shown in Figure 6 (page 8).

The functions performed by most of the blocks are self-
explanatory; the measured inputs enter from the left and the
computer-estimated outputs emerge at theright. At low speeds,
the algorithm uses measured ground speed and wind to
compute airspeed; then at approximately 40 knots, the airplane
real-time-computed airspeed becomes valid and replaces
airspeed derived from integrated ground speed by means of
the software switch shown at theleft center of Figure 6. During
thetest runs, airplane positions on the runway were determined
from distances traveled calculated by double integration of
measured accel erations (method 1). During postflight analysis
(only), single integration of the independently measured
ground speed provided another means of determining airplane
position (method 2 is shown by the dashed line at the top of
Figure 6).

The real-time segment of the algorithm is activated when
the pilot advances the throttles forward from idle. As the
airplane rolls down the runway, the distance traveled and
the distances required to reach V, and V are continually
computed using sensor-measured values for the parameters
shown in Table 3 (page 7).

The algorithm aso creates a reference acceleration curve in
real timein the following manner:

1. Whilethe throttles are being advanced and/or adjusted,
a reference acceleration is computed from equation 1
using thrust values associated with the sensed EPR and
otherwise nominal input data.

2. Assoon as the throttles are set (i.e., become stationary
for more than three seconds), the al gorithm makes aone-
time . adjustment to the reference acceleration curve
by forcing the reference acceleration value at a given
true airspeed to match that of the measured accel eration.
This adjustment is achieved by appropriately changing
the value of A, in equation 2.

3. The agorithm a so makes a one-time adjustment to the
along-track component of the wind. After the calibrated
airspeed (CAS) measurement becomes valid, an along-
track component of thewind is cal culated from measured
ground speed and CAS; this value is then substituted
for theinitial value for the remainder of the takeoff.

Table 2
Pretakeoff Inputs to TOPMS Algorithm

Airplane center of gravity

Airplane gross weight

Airplane flap setting

Pressure altitude

Wind direction

Wind speed

Ambient temperature

Runway rolling friction coefficient

Source: U.S. National Aeronautics and Space
Administration, Langley Research Center

As indicated above, the |- and wind-error adjustments are
programmed to execute only once per run. Nevertheless, each
timethethrottles are moved appreciably, the a gorithm adjusts
the reference accel eration curve according to the EPR level sit
associates with each newly measured throttle position.

Throttle movements and settingsthat differ from those assumed
when the nominal accel eration curvewas created are not treated
by the TOPMS algorithm as error conditions; instead, they
produce a reference acceleration curve that is parallel to the
nominal acceleration curve. In particular, during alow throttle
takeoff, the displays will not indicate an engine problem and
SAFs will not appear if the remaining runway distance will
accommodate the extended takeoff. The algorithm could be
rewritten to treat off-nominal throttle settings as an error; but
because such an error is easily corrected by moving the
throttles, low-throttle settings probably should not beincluded
in the abort criteria.

The agorithm real-time segment continually computes the
difference between measured acceleration and reference
acceleration. If the magnitude of the resulting error signa
exceeds a specified level, an abort SAF is displayed.

The front cover shows a close-up of the displaysin the TSRV
aft research flight deck. The upper primary display (PD) screen
provides attitude, altitude and speed information. The existing
PD system configuration was used without modification for
the TOPMS tests. The navigation display (ND) in the center
of the photograph presents either TOPMS information while
the airplane is on the ground or regular navigational infor-
mation after the airplane becomes airborne. The keypad on
the unit below the ND screen is used to enter data into the
airplane computers.

The TOPMS display consists of a runway graphic with
passive and active symbology on and around it. Figure 7
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Functions of the TOPMS Algorithm
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Source: U.S. National Aeronautics and Space Administration, Langley Research Center

Y
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Figure 3

(page 9) illustrates the display for two situations: the
takeoff-roll display (Figure 7(a)) shows a takeoff roll
underway in which acceleration performance has become
unsatisfactory and an abort is being advised. The abort
display (Figure 7(b)) shows atakeoff roll in which an abort
has been initiated and partial braking is underway.

The takeoff-roll situation illustrated in Figure 7(a) shows
the airplane about halfway down a 6,000-foot (1,829-meter)

Acceleration Curves for
Extreme Values of |,
10 ~
I B, B &
~ —— —A— L, Frreeg
g A ~— A i ....... B
‘v: 6 ~A _
.2
o
% 4 P ecrens Curve-fit ur = 0.005
::5 O  Computed u_=0.005
2 b — — Curve-fitp =0.040
A Computed p_=0.040
] ] I 1 i 1 ]
0 20 40 60 80 100 120 140
True airspeed, knots
Source: U.S. National Aeronautics and Space
Administration, Langley Research Center

Figure 4

runway traveling at a CAS of 97 knots (displayed in the
box left of the airplane symbol). Pretakeoff computations
for this case were based on nominal acceleration and the
algorithm predicted that a decision speed V; of 126 knots
and a rotation speed V, of 128 knots could be achieved
near the unshaded triangle. Nevertheless, during the takeoff
roll, actual acceleration was considerably below nominal,
which caused the horizontal V; and V, lines and caused
the shaded triangle to move forward. Specifically, the
position of theV, line corresponds to the computed along-
track position of the shaded triangle apex. This forward
movement of the shaded triangle is an indirect but an
important indication of the acceleration deficiency.

The agorithm initially determines whether a U.S. Federal
Aviation Administration (FAA)-sanctioned takeoff'! can be
expected; it computes whether the airplane can achieve Vi,
beforeit reachesthe ground-roll limit line (GRLL). TheGRLL
marksthefarthest downfield position where the airplane, after
undergoing acritical enginefailureatV,, caninitiate rotation
and barely clear a 35-foot (11-meter) barrier at the end of the
runway. The minimum takeoff field length isthetotal distance
required to reach V plus the ground and air distance beyond
V, for completing the takeoff described above.

For the situation illustrated in Figure 7(a) the ground and
air distance beyond Vy, is subtracted from total runway
length (6,000 feet [1,829-meters]) to establish the location
of the GRLL. Note that a takeoff-roll safety margin of ap-
proximately 500 feet (152 meters) is evident between the
apex of the shaded triangle (viz., theV line) and the GRLL.
The GRLL has no direct relationship to the bottom of the
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Figure 5

EPR bars; they were arbitrarily based at the GRLL on the
display format.

In the off-nominal situation depicted in Figure 7(a), both
engines appear to be operating normally. The EPR bars are
extended up to thetarget level, but the shaded triangle and the
V, and Vp, lines have moved noticeably forward from their
nominal locations depicted by the unshaded triangle. The
algorithm has determined that an abort may be the most
appropriate control action for this situation and the display
conveys this advice to the pilot by means of the STOP SAF
that appears at the end of the runway graphic. At the same
time, an x appears just beyond the GRLL and shows where
the airplane will come to a stop with maximum application of
thewheel brakesand full deployment of the spoilers(i.e., speed
brakes). Normally, the x remains hidden until the computed
stop point is beyond the GRLL ; when an abort is advised, the
x is unmasked simultaneously d with the appearance of the
STOP sign. The benefit of using reverse thrust is not included
in the calculation of the x position; however, reverse thrust
can be used to advantage in situations where both engines
appear to be working satisfactorily.

Figure 7(b) shows the TOPM S display after an abort has been
initiated. All takeoff-related information has been removed from
the runway graphic except the airplane symbol, which shows
position on the runway; ground speed, which replaces CASin
the speed box; and the x, which locates the maximum-braking
stop point. An additional symbol, shaped like a football, has
appeared that denotes the predicted stop point based on the
mesasured accel eration. Lessthan maximum braking isrequired
whenever the football position is ahead of the x.

A summary of SAF responses based on sensor data during
various flight situations is shown in Table 4 (page 8). (The

absence of an SAF indicates that the takeoff is proceeding
normally and/or airplane parameters are staying within
acceptable error bands.) For example, the SAF indicating
flight situation 4 informs the pilot at a critical high-speed
point that an engine has failed and that adequate runway
distance remains to stop the airplane if the GO option
suddenly becomes unreasonable (e.g., when smoke is
rapidly engulfing the cabin).

No still photographs of the displays were made during actual
flight tests. Instead, all photographs except those in Figure 1,
Figure 2 (page 4) and the front cover, were recreated in a
Langley special-purpose test facility, the Experimental
Avionics System Integration Laboratory (EASILY). In essence,
EASILY is a hot-bench extension of the flight test bed. It
contains duplicates of the actual flight hardware and software
along with a high-fidelity, nonlinear computer model of the
Boeing 737-100 — the same model asthe TRSV used during
the TOPM S simulation studies.>10

Pretakeoff Displays

If the flap positions do not agree with the nominal position
specified for the pretakeoff calculations, the partially generated
TOPMS display shown in Figure 8 (page 10) will appear on
the screen. No additional TOPM S graphics are generated until
the flap lever is put in the proper detent and the flaps move to
the commanded position.

If the length of the assigned runway is shorter than the mini-
mum distance determined by the algorithm, a TOPMS display
similar to the one in Figure 9 (page 10) will appear. Note that
the apex of the V triangle is well beyond the GRLL (hori-
zontal line across the runway symbol), which causes a STOP
sign to appear that advises the pilot not to start the takeoff roll.

If the runway is long enough, the flaps are correctly set and
the conditions are otherwise normal, a fully generated
pretakeoff TOPMS display similar to the graphic shown in
Figure 10 (page 11) will appear. This graphic showswhereV;

Table 3
Additional Real-time Inputs
To TOPMS Algorithm

Left and right engine pressure ratios

Left and right throttle positions

Airplane flap settings

Airplane accelerations

Airplane ground airspeed

Calibrated airspeed

Source: U.S. National Aeronautics and Space
Administration, Langley Research Center

FLIGHT SAFETY FOUNDATION « FLIGHT SAFETY DIGEST « OCTOBER 1994




Algorithm Real-time Functions
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speed Estimated ground speed Single Estimated runway position: method 2>
2d-order - T integration
Accel. comp. filter
__..——-——"
I .| [Ist-order . | Double Estimated runway position: method 1
7| lag filter "] integration o
Wind L’ Compute Estimated acceleration >
speed CAS r .
—_— -
- lsoéi SAF
Convert > S
™ CAStoTAS >
CAS 1st-order __f
—_ . .
lag filter Estimated distance to Vy
®  Nominal and Estimated distance to Vg 3
»  reference -
Compute o | performance Estimated distance to stop
»| acceleration o
EPR Ist-order
—_ i
lag filter Engine
# Engine health |flag
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Source: U.S. National Aeronautics and Space Administration, Langley Research Center

Figure 6

of 122 knotsand V  of 124 knots should occur withrespectto (6,000 feet [1,829-meters]) and the point where the takeoff
the airplan€e’s initial position on the runway. (For viewing  roll will start have been entered; the algorithm has scaled the
clarity, the computed airplane position isdepicted by thenose  corresponding runway graphic to span the entire usable
of the airplane graphic.) The length of the assigned runway  vertical range of thedisplay screen. At thisstage, the TOPM S

Table 4
Shapes, Colors and Conditions for
Situational Advisory Flags
[No flag] 1. Takeoff roll proceeding satisfactorily. GO
Rectangular Green 2. No engines failed; airplane can attain V before GO
reaching GRLL but stopping on runway doubtful.
3. One engine failed when CAS >V,; airplane can GO
attain V, before reaching GRLL or can easily stop
on runway.
Triangular Amber 4. One engine failed at CAS > V,; airplane can attain EITHER
(blinking) Vg well before reaching GRLL or can easily stop
on the runway.
Octagonal Red 5. One engine failed at CAS <V,. NO-GO
6. Both engines failed. NO-GO
7. Predicted rotation point beyond GRLL. NO-GO
8. Measured along-track acceleration not within the NO-GO
specified error band about the reference acceleration.
Source: U.S. National Aeronautics and Space Administration, Langley Research Center
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is ready for the takeoff roll to begin. (The zero-length EPR
bars depicting idle thrust are not perceptible in Figure 10.)

Takeoff-roll Displays

Photographs of representative displays for several flight
situations are presented in Figures 11-18.

Normal takeoff roll. Figure 11 (page 11) shows a typical
TOPMS display during a normal takeoff roll on a 6,000-
foot runway. The airplaneistraveling at a CAS of 83 knots.
Note that the top ends of both EPR bars match their target
levels (1.95) and that the V triangles have not separated.
Under such conditions, the pilot can expect to reach Vg
approximately halfway down the runway and the monitoring
tasks would primarily be to keep track of airspeed and
occasionally to glance at theV triangle and EPR bars. The
pilot can monitor airspeed by watching the numeralsin the
speed box or by observing the closure of the moving CAS

line on the near-stationary V; line. The pilot can also keep
the anal og display of airspeed within peripheral vision range
while continuing to focus on the real-world runway scene.

If anenginewereto fail beforetheairplanereachesV, (during
an otherwise normal takeoff situation), it would produce a
head-down TOPM S display similar to the one shown on the
front cover. In this instance, the right engine has failed at
approximately 100 knots and the display is conveying an abort
SAF (STOP sign) to the pilot. In addition, the algorithm has
determined that for an immediate abort and use of maximum
braking, the airplane can be stopped at the x shown about
halfway down the 6,000-foot runway.

Low-throttle takeoff roll. Figure 12 (page 12) shows the
TOPMS display for asituation in which the throttles were
not advanced to the nominal position for attaining scheduled
EPR (selected during pretakeoff by the algorithm from the
database programmed from the TSRV flight manual). The

Runway length

Left EPR bar-\

Decision
speed V| —*

126 y
Viline—" | A\
| A

X
A
\

Calibrated
airspeed T

(a) Takeoff-roll display.

TOPMS Takeoff-roll and Abort-display Symbology
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Source: U.S. National Aeronautics and Space Administration, Langley Research Center
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TOPMS Display with
Flaps in Wrong Position

Source: U.S. National Aeronautics and Space
Administration, Langley Research Center

Figure 8

shaded triangle has moved forward nearly 1,000 feet (305
meters) from its initial location where it had been super-
imposed on the unshaded triangle. If the shaded triangle
remains stationary at this new position, it signifiesthat thrust
is correct for the actual throttle setting and no accel eration
error exists. The throttles can be advanced to reduce this
separation or the takeoff roll can be continued at reduced
thrust with the expectation of a satisfactory takeoff. In
alternate form, the algorithm could respond to the low-
throttle settings with error condition graphics; this was not
the choice in any of the TOPMSS studies.”-10:12

Engine failure during low-throttle takeoff roll. If an engine
failsduring areduced-thrust takeoff-roll situation, the TOPM S
display will be similar to the graphic shown in Figure 13 (page
12). An engine failure is declared by the algorithm when the
engine EPR has degraded by more than a specified amount
(20 percent in this study) from the value normally produced
for the measured throttle position. For the situation in Figure
13, the under-advanced throttles are commanding both engines
to produce EPRs of approximately 1.7 rather than the scheduled
1.95. Theleft engineis apparently producing the commanded
EPR value of 1.7; however, the EPR bar for the failed right
engine is clearly less than 90 percent of the length of the
apparently correct left EPR bar and has turned red. Con-
currently, ared SAF (STOP sign) and a predi cted stop-point x
have appeared and the V|, triangles have separated by more
than 1,000 feet (305 meters). If the performance of the faulty

engine degrades further, the shaded triangle will continue to
advancetoward the GRLL. At this stage, takeoff isstill aviable
option; however, NO-GO is the control action recommended
by the TOPM S before airplane speed increases further and the
remaining runway distance becomes more marginal.

Engine failure at high speed. If an engine failure occurs near
V, on arelatively short runway, as shown in Figure 14 (page
13), the SAF is displayed as alarge green rectangle at the end
of the runway graphic. This symbol advises the pilot that the
best option isto continue with the takeoff because amaximum
braking stop would likely terminate near or beyond the end of
the runway pavement. (See the x in Figure 14.) Also, notein
Figure 14 that the current CAS = 124 knotsis greater than the
decision speedV, = 120 knots, whichisan overriding condition
that warrants continuation of the takeoff.

If asimilar situation were encountered on avery long runway,
the TOPM S would exhibit ablinking triangular GO/NO-GO
SAF like the one shown in Figure 15 (page 13). The blinking
amber SAF signifies that an engine hasfailed at or aboveV
and that the two viable control options include continuing
the takeoff as currently required by regulations!! or under-
taking a dangerous high-speed abort (e.g., in a perceived
critical emergency such as fire or smoke in the cabin). For
the situation in Figure 15, the predicted maximum-braking
stop-point x is about 6,000 feet (1,829 meters) down the
10,000-foot (3,048-meter) runway.

TOPMS Display When
Assigned Runway Too Short

Source: U.S. National Aeronautics and Space
Administration, Langley Research Center

Figure 9
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Excess drag vs. EPR sensor error. Ascertaining whether
excessive drag and/or large EPR sensor errors are causing
significantly lower than nominal performance involvesthe
following condition checks by the algorithm:

1. Engine performance is checked. A failing engine
produces lower than scheduled EPR and a correspon-
dingly lower acceleration level. When the EPR error
for this engine becomes unacceptable (i.e., the mea-
sured EPR level differs by more than 10 percent from
the EPR level associated with the measured throttle
position), the algorithm changes the color of the
shortened EPR bar to red and displays the appro-
priate SAF (seefront cover). If the pilot chooses not
to abort immediately, the algorithm will continue to
provide information on the magnitude and trend of
the acceleration deficiency by the position and
movement of the shaded triangle and on the EPR
condition of the unfailed engine by the length and
color of its associated EPR bar.

2. If no engine has failed and the throttles have alower
than nominal setting (Figure 12, page 12), the EPR
barswill accordingly stop short of their target mark,
but they will not change color. The shaded triangle
will also move noticeably forward; no SAF will be
displayed unless the triangle moves beyond the
GRLL.

TOPMS Display When
Ready to Begin Takeoff

Source: U.S. National Aeronautics and Space
Administration, Langley Research Center

Figure 10

TOPMS Display when
Normal Takeoff Under Way

Source: U.S. National Aeronautics and Space
Administration, Langley Research Center

Figure 11

3. If the EPR bars rise to and remain at their scheduled
target level without changing color and the shaded
triangle continually driftsforward, theindication isthat
drag is increasing faster than it should for the other
conditions (e.g., wind, temperature and weight). The
situation isillustrated in Figure 16 (page 13). When the
incremental drag becomes excessive, causing the accele-
ration error to exceed the acceptabl e level of 10 percent,
ared SAF (STOP sign) will appear as shown in Figure
17 (page 14). Nevertheless, if one or both EPR barsturn
red while remaining at the target length, a serious EPR
sensor error exists and ared SAF will appear as shown
inFigure 18 (page 14). Notein thisfigure that the shaded
triangle has also crossed the GRLL, thus satisfying
another abort criterion (situation 7 in Table 4, page 8).
(A relevant, real-world situation that resulted from an
EPR sensor error is discussed later in this article.)

Abort Displays

Figure 19 (page 15) shows photographs of abort displays for
three situations. Each display containstwo computer-predicted
stop-point symbols— the x that is carried over from the takeoff
display and the football-shaped symbol that appears on the
runway graphic as soon asthe brakes are applied. Thefootball
locates where the stop point will be, based on the currently
computed position, speed and measured acceleration. The
display in Figure 19(a) showsthefootball ahead of thex, which
indicatesthat lessthan full braking isbeing applied. Thedisplay
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TOPMS Display with Throttle
Set Lower Than Scheduled

Source: U.S. National Aeronautics and Space
Administration, Langley Research Center

Figure 12

TOPMS Display for Engine Failure
During Reduced-throttle Takeoff

Source: U.S. National Aeronautics and Space
Administration, Langley Research Center

Figure 13

in Figure 19(b) shows the football superimposed on the X,
which indicatesthat full braking isbeing applied. The display
in Figure 19(c) indicates that full braking and reverse thrust
are being applied to stop the airplane slightly before the x is
reached.

Test Equipment

The TSRV isa production prototype Boeing 737-100 (Figure
1, page 3), and itsfuselage isfilled with numerous computers,
recorders, data-transfer systems and the aft research flight deck,
which permit the use and evaluation of advanced electronic
displays and fly-by-wire controls. A TOPM S display was not
provided in the TSRV forward regular flight deck; brake
controls and HUD were not provided in the research flight
deck. Because of these equipment limitations, the TOPM Swas
remotely tested in the HDD mode only.

A functional block diagram of the test hardware is shown in
Figure 20 (page 16). Although the TOPM S pilot and TOPM S
displays were located remotely, the procedures were set up to
simulate a side-by-side, real-world piloting situation. The
TOPM S pilot and the pil ot flying communicated by intercom.

The TOPM S software was programmed on the Norden 11/70
displays computer console (Figure 1, page 3) along with the
software for the other airplane displays. Except for a video
camera and an additional remote display screen, no extra
hardware had to be installed to document the real-time
performance of the TOPMS displays under the various test
situations. Research observations and conversationsamong the
pilots, the flight director and the control tower were recorded
on the audio channel of the videotapes.

The TOPM Sinterfaced with the flight decks, sensorsand other
experimental equipment through the airplane global digital
autonomous terminal access communication (DATAC) data
bus.13 In addition, a ground-based FPS-16 Radar/L aser
Tracker# at the Wallops Flight Facility was used to track the
airplane during several of the test runs; it independently
provided distance measurements as functions of time. Sub-
sequently, these datawere time-merged with the datarecorded
onboard the airplane, which permitted a comparison of
measured and computed stop distances. Sixteen channels of
strip-chart data were monitored during the test runs to verify
inreal timethat atest run appeared to be proceeding properly.
In addition, approximately 60 airplane and TOPM S parameters
were digitally recorded at arate of 20 samples per second for
postflight scrutiny and analysis.

Six days of flight testing were conducted between March
1987 and November 1989 at the Wallops Flight Facility and
the Langley Air Force Basein Virginia, the Kennedy Space
Center Shuttle Landing Facility and the Patrick Air Force
Basein Floridaand the Asheville Regional Airport in North
Carolina. The test runs included 55 takeoff and 30 abort
situations. All were made on dry pavements ranging from

12
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TOPMS Display for Engine Failure
Near V, on Short Runway

Source: U.S. National Aeronautics and Space
Administration, Langley Research Center

Figure 14

slurry-sealed asphalt to highly grooved concrete. During
the test series, temperatures ranged from approximately 25
degrees F to 85 degrees F (4 degrees C to 29 degrees C)
and gross weights varied from heavy to light depending on
the amount of fuel onboard.

Flight-test Crew

As indicated in Figure 20 (page 16), the TOPMS flight-test
crew consisted of a pilot flying who controlled the airplane
from the left seat of the TSRV regular flight deck, a TOPMS
pilot who monitored the TOPM Sdisplaysin theresearch flight
deck and communicated with the pilot flying by the intercom
and a safety pilot who occupied the right seat in the TSRV
regular flight deck and participated minimally in the test
program. (During acheckout flight, afour-inch [ 10-centimeter]
monitor was temporarily mounted in the center console of the
TSRV regular flight deck for the safety pilot to observe;
however, it wastoo small to be useful and wasremoved before
the actual test flights began.)

Acceleration M easurements

Threeairplane along-track acceleration signalswere available,
of which one was selected for input to the algorithm during
the test, and two reference accelerations were generated by
the algorithm. During pretakeoff, anominal acceleration curve
for p = 0.015 (Figure 5, page 7) was generated for initial

TOPMS Display for Engine Failure After
Reaching V, on Very Long Runway

Source: U.S. National Aeronautics and Space
Administration, Langley Research Center

TOPMS Display with Acceptable
Acceleration Deficiency

Source: U.S. National Aeronautics and Space
Administration, Langley Research Center

Figure 15

Figure 16
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TOPMS Display with Unacceptable
Acceleration Performance

Source: U.S. National Aeronautics and Space
Administration, Langley Research Center

Figure 17

predictions of where particular performance events would
occur based on existing and/or expected conditions. Then,
during the takeoff roll, a reference acceleration curve was
generated to reflect input deviations such as higher- or lower-
than-nominal throttle setting, wind and pr updates.

During the six days of testing, measured along-track accele-
ration signals were obtained from the airplane inertial
measuring unit (IMU), which was available during the first
three test days; an air data and inertial reference system
(ADIRS), which replaced the IMU for part of the fourth test
day; and the airplane body-mounted x-axis accelerometer,
which was availablefor al test daysbut wasused asaTOPM S
input only during the last two and a half test days. Pitch
compensation was appropriately added to each of the
measured along-track acceleration signalsto account for the
1 degree inclination of the TSRV body x-axis to the runway
surface and to accommodate the takeoff rotation.

After afew runson the fourth test day (Table 5, page 17), the
ADIRS along-track acceleration signal was discarded in favor
of the body-mounted x-axis accel eration signal. Asisdiscussed
later, the along-track acceleration signal fromthe TSRV ADIRS
unit was found to be atypical of the high-quality, filtered
acceleration signal's available on modern airplanes.

Before the actual test runs, the TSRV was taxied at moderate
speed down arunway at the Wallops Flight Facility while the
safety pilot called off 1,000-feet- (305 meter-) to-go markers

as the airplane physicaly passed them; the TOPMS pilot,
having no outside view, made similar calls when he observed
the nose of the TOPMSS airplane symbol pass corresponding
1,000-foot tick marks along the edge of the runway graphic.
The correlation was good; consequently, the test series
proceeded as planned. A second opportunity for this type of
calibration check occurred at Patrick Air Force Base on the
third test day. Those results were similarly good.

Test Runs

Eighty-five test runs (55 takeoff and 30 abort situations) were
made with the TSRV. The test conditions and runs are
summarized in Table 5 (page 17).

In additionto thetest situationslisted in Table 5, incorrect and
inconsi stent datawere intentionally entered for the pretakeoff
calculations to demonstrate that the algorithm was configured
to detect unschedul ed flap settings, out-of-range or inconsi stent
inputted data, and runway lengths that were less than the
minimum required for the takeoff. Erroneous data were
purposely entered at the beginning of each test day; the
resulting TOPMS displays (Figure 8 and Figure 9, page 10)
were observed several times by the TOPM S pilot.

Because of tire and brake wear and the potential dangers
associated with high-speed aborts, the flight test situations

TOPMS Display with Serious
Disagreement Between
Indicated and Measured EPRs

Source: U.S. National Aeronautics and Space
Administration, Langley Research Center

Figure 18
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were designed so that most of them were terminated as
takeoffs. For example, after an abort SAF (STOP sign)
appeared for several seconds during deficient acceleration
runs created by full deployment of spoilers during the
takeoff roll, the test director declared an end to the run; the
pilot flying lowered the spoilers and completed a pre-
planned takeoff. In situations that simulated engine failures,
the STOP sign appeared and was observed briefly by the
TOPMS pilot who then instructed the pilot flying to
complete another pre-planned takeoff. As a consequence
of such test procedures, the symbology for takeoff-roll and
abort situations was sufficiently exercised and observed by
the TOPMS pilot. All TOPMS displays were recorded on
videotape, but very few compl ete sets of numerical test data
were obtained.

The primary results from the TOPMS flight tests were
observations of the display responses to various operational
and environmental conditions. The displays were monitored
in real time by all three authors and by the TOPM S pilot.

Evaluation by TOPM S Project Pilot

In the opinion of the TOPMS pilot who had served as the
TOPMS project pilot since the beginning of the simulation
evaluation studies, #1912 ahighly successful transfer of TOPMS
technology was made from the TSRV B-737 simulator to the
TSRV airplane. The pilot further indicated that the displays
observed in this study performed like those evaluated in the
simulation studies. Other comments and observations are
paraphrased as follows:

* TheTOPMSon-line pretakeoff calculationsthat yielded
the values of velocities V,, Vi and V,, and scheduled
EPR were done quickly and precisely. They yielded the
same values as those that the pilot flying obtained from
the TSRV flight manual for each of the various con-
ditions. In addition, the algorithm appeared to correctly
position the performance triangle on the runway graphic
at the location whereV,; and V would be reached.

« During normal takeoffs, setting the throttles according
to the scheduled EPR bars produced the proper accele-
rations needed for the analog airplane graphic to reach
the shaded performance triangle at its pretakeoff-
predicted location (i.e., the two triangles remained
superimposed). This performance inspired confidence
in the ability of the algorithm to provide good position
information in off-nominal situations.

« Deviations from nominal values of weight, thrust and
drag yielded the expected responsesin the performance
of the TOPMS analog display elements (viz., the
airplane symbol, CAS line, shaded triangle, EPR bars
and continually updated stop points). In most situations,
response changes could be attributed to improper
throttle setting or to some other cause.

TOPMS Displays for
Three Braking Levels

(a) Partial braking

(b) Full braking, without reverse thrust

(c) Full braking, including reverse thrust

Source: U.S. National Aeronautics and Space
Administration, Langley Research Center

Figure 19
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e The SAFs report the algorithm overall analysis of the

situation. It ishoped that the pil ots would make the same
GO/NO-GO decision without the aid of the SAF,
although in some situations the decision might not be
made as quickly. If the decision were NO-GO, the earlier
in the takeoff roll that it ismade, the easier and safer the
abort will be.

In asense, the SAFs act as a prompter to alert the
TOPMS pilot to quickly scan the distributed infor-
mation for substantiation of the GO or NO-GO
advisory before announcing arecommendation to
the pilot flying. In turn, the pilot flying should
be able to make an earlier and more confident
decision.

Whereas the issue of providing pilots with SAFs and
associated activation logic may be somewhat contro-
versial, the TOPMS algorithm has demonstrated

fundamental distributed information (e.g., information
on the acceleration performance trend provided by the
triangles) .

The amber SAF should be removed from consideration;
it appearsonthe screen at acritical timewhen new advice
isinappropriate.

During abort situations, transition from the takeoff
display to the abort display with throttle retardation was
very quick, smooth and comprehensible. No visual
continuity was lost and no mental reorientation was
required.

The correlation was good between the football symbol
(instantaneously predicted stop point) and perceived
decel eration during both maximum- and partial-braking
maneuvers.

The displaysfor all runswere recorded on videotape for later
viewing and correlation with the recorded numerical dataand
oral comments.

flexibility in regard toif, when and how such advisories
are presented. Some or all of the SAFs can be omitted
without significantly or adversely affecting the more

Functional Block Diagram of Test System
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Figure 20

FLIGHT SAFETY FOUNDATION « FLIGHT SAFETY DIGEST « OCTOBER 1994



Table 5
Number of Runs at Various Test Situations

Runs with
Runs with Runs with body-mounted
IMU used ADIRS used accelerometer
on test day on test day used on test day
Test Situation? 1] 2] 3 4A 48 | 5 | 6 | TotalRuns
Takeoffs
1. Normal 4 3 3 5 5 4 2 26
2. Low-thrust setting 1 2 1 2 3 13
3. Low, then normal thrust 1 1 3 1 6
4. Large p-error correction 1 2 5
5. Large wind-error correction 2 2 1 5
Aborts
6. Intentional 1 1 1 3
7. Unacceptable acceleration 1 4 2 2 1 10
deficiency
8. Simulated engine failure 1 3 7 1 3 2 17
Totals 10 |15 |19 6 13 |13 | 9 85

1Test Situations:

1. In addition to normal takeoffs at the test sites, data were obtained for all takeoffs going to and returning
from these sites; consequently, approximately 30 percent of the runs listed in Table 5 were normal
takeoffs.

2. Low-thrust takeoffs were made with EPR settings of 1.6 and 1.7 rather than the nominal EPR settings of
1.88 to 1.95.

3. These runs were begun with significantly lower-than-nominal throttle settings; during the takeoff roll, the
pilot flying deliberately moved the throttles up and down several times so the TOPMS pilot could observe
the response of the shaded triangle as it continually updated the position for reaching V.

4,5. One-time adjustments to y, and head wind were automatically made (if necessary) on all runs. Never-
theless, to make this feature noticeable to the TOPMS pilot, intentionally large p, and wind errors were
manually entered for several pretakeoff computations. Subsequent throttle adjustments translated to the
display as small movements of the shaded triangle each time the throttles were reset and remained
stationary for more than three seconds.

6. Three runs were intentionally aborted and the airplane was stopped with maximum-braking application;
the laser tracker at the Wallops Flight Facility tracked the airplane during two of the stops.

7. Ten takeoff rolls were made with the spoilers fully deployed to create excess drag as airplane speed
increased. In response, the shaded triangle was observed to creep forward until the resulting acceleration
error tripped the abort SAF (Figure 17, page 14).

8. Engine failures were simulated when the safety pilot appropriately moved one throttle to artificially induce
an EPR discrepancy. For this test only, the algorithm compared the EPR value associated with the current
deflected throttle position and its initial target value. Such failures were detected by the TOPMS pilot as a
shrinking red EPR bar and an accompanying abort SAF (front cover).

Source: U.S. National Aeronautics and Space Administration, Langley Research Center

Acceleration Com par isons airplane position on the runway based on several measure-
ment and computational techniques.
In addition to the pilot conversations and comments, several
performance variableswererecorded for useinreal-timeand  Figure 21 (page 18) shows an example of the along-track
postflight analyses. These analyses involved acceleration  acceleration measured by the ADIRS sensor unit. Also shown
time-history comparisons and continual determination of the  is the reference acceleration that was computed by the
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Comparison of TOPMS Reference and
ADIRS Along-track-acceleration
Signals During Normal Takeoff Roll
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Enlargement of Figure 21
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Administration, Langley Research Center

Figure 21

algorithm for anormal takeoff roll under the same conditions.
The ADIRS-measured acceleration signal oscillated within a
moderately large envel ope. (Subsequently it was judged to be
apoor representation of the actual airplane acceleration.) This
oscillation, which caused some unexpected SAF display
problems, isillustrated in Figures 21-23 (pages 18, 19). The
algorithm one-time adjustment of the magnitude of the
reference acceleration to that of the measured acceleration
came at atime (approximately 19 secondsinto the takeoff roll)
whenthe ADIRS curvewasin one of itsvalleys; conseguently,
the algorithm demanded a large step change in the reference
acceleration curve to match that of the ADIRS-measured
acceleration. Figure 22 shows an enlargement of the Figure
21 curvesin the adjustment region. After the step change, the
reference accel eration curve continues along a path parallel to
its original path (unless the throttles are again moved or an
engine fails). Notice that the corrected reference curve skirts
along the bottom boundary rather than through the middle of
the ADIRS acceleration envel ope.

To determine the acceptability of a particular takeoff-roll
performance, aselected accel eration-error band that extends 10
percent above and below the reference acceleration curve was
programmed for the flight tests. This band is shown in Figure
23 for theADIRS reference curve shown in Figure 21. Observe
that the measured along-track acceleration exceeded the £10-
percent error band of the reference acceleration several times
during the course of therun. Toillustrate the problem, asegment
of the discrete logic signal that controlled the SAFs during the
flight test in Figure 21 has been merged in time across the top
of Figure 23. As shown, three abort SAFs flashed on for

Figure 22

approximately one second, which resulted in distraction and
concern even though no actual acceleration problem existed.

In Figures 21 and 22, observe that had the acceleration
adjustment for match up occurred about one second later, a
small upward movement in the reference signal would have
occurred and most likely would have shifted the upper error
band high enough to preclude the three on-off abort SAF
flashes. Nevertheless, a large downward excursion of the
ADIRS signal at approximately 34 seconds (Figure 23) would
probably have caused a single flash of the abort SAF.

Figure 24 (page 20) shows the concurrently measured (but
unused) acceleration signal from the TSRV bodymounted x-
axisaccelerometer during the samerun (Figures 21-23). Note
that this signal did not have large oscillations; if it had been
used as the input to the TOPMS algorithm for this run, the
effect of the wind and 1, adjustments at 19 seconds would
have been hardly noticeable. Further notethat if a+10-percent
error band had been drawn for this reference curve, the
acceleration measured by the body-mounted accelerometer
would have been easily contained within it.

The following two software patches, which were coded and
approved by safety personnel before the flight, were tempo-
rarily installed inthe TOPM S softwareto alleviate the nuisance
SAF problem that occurred when the ADIRS acceleration
measurement was used to drive the TOPM S displays:

1. A digital counter prevented the appearance of an abort
SAF because of out-of-range, along-track acceleration
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Abort Flag Occurrences due to ADIRS
Along-track-acceleration Signal
Excursions Outside +10 Error Band
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Source: U.S. National Aeronautics and Space
Administration, Langley Research Center

Figure 23

unless the signal remained out of range during several
consecutive (or nearly consecutive) data samples (sample
rate of 20 per second).

2. The acceleration-error tolerance band was increased
from £10 to +15 percent.

The out-of-range digital counter functioned as follows. A
positiveinteger (n) wasinitialy set to zero. When the sampled
acceleration-error value exceeded the £10-percent error band
in a computation cycle, n advanced one count. If the accele-
ration signal was still out of bounds on the next computation
cycle, n advanced another count; however, if the acceleration
signal wasback insidethe error band, n was reduced one count.
Experimental limits wereimposed on n; for example, if n=5
werethislimit (corresponding to the accel eration signal being
out of bounds for 0.25 seconds), the TOPMS logic would
activate an abort SAF only whenn=5. It would remainat n =
5 until the acceleration signal was again within bounds,
whereupon n would drop back one count toward zero. Whenn
=0, it remained there unless another excursion occurred. The
nvaluesinvestigated were 5, 8 and 10. Thistechnique yielded
improved results but did not eliminate all the SAF nuisance
flashing, even when n was set at 10.

The second software patch expanded the acceleration-error
band from +10 to £15 percent, which would easily have
contained theADIRS acceleration signal shownin Figures 21—
23. Together the two fixes eliminated the nuisance SAFs
triggered by the ADIRS signal; the second fix alone probably
would have been sufficient and was certainly the most

straightforward. In retrospect, the revised +15-percent limit
may bejust asappropriate asthe arbitrarily selected £10-percent
limit. Nevertheless, if an airplane is equipped with a sensor
package that delivers a reasonably well-filtered along-track
acceleration signal, the smaller band should be sufficient.
Defining an optimal acceleration-error band was beyond the
scope of this investigation.

Figure 25 (page 20) shows measured and reference acceleration
for asituation in which the spoilerswereintentionally deployed
from the beginning of the takeoff roll. Note that as speed
increased, the measured acceleration fell below the reference
curve (dashed line) as expected. When the algorithm madeits
check of the acceleration performance just after the throttles
were set for three seconds, the measured accel eration was about
0.5 feet (0.2 meters)/second? below what it nominally should
have been for the measured throttle setting. Accordingly, the
algorithm changed p, and adjusted the reference acceleration
to the measured value at this time. Subsequently, the abnor-
mally increasing aerodynamic drag because of the deployed
spoilers continued to cause the measured acceleration to
decrease. At about 21 seconds, the algorithm determined that
the measured acceleration error had exceeded the £10-percent
limit and it switched on the abort SAF. After the TOPM S pilot
briefly observed the SAF, the run was declared complete and
the pilot flying lowered the spoilers and made a preplanned
takeoff.

Distance Deter mination
Using Alternative M ethods

The TOPMS algorithm computed the TSRV runway posi-
tions throughout the flight-test series by double integration
of the pretakeoff-predicted (nominal) and the real-time-
measured (and filtered) accelerations (Figure 6, page 8).
The TSRV positions were referenced to a specified start
point whose coordinates were pre-established by land
survey. During postflight analysis, filtration and single
integration of the independently measured ground speed
(method 2 in Figure 6) appeared to provide more accurate
runway positioning. This was determined by comparing
distances-traveled data obtained by single integration of
ground speed, by double integration of acceleration, and
by real-time range measurements made with the Wallops
Flight Facility ground-based laser tracker. This tracker has
a dynamic range accuracy of +1.65 feet (0.5 meters)
(standard deviation) and a pointing accuracy of 0.3 milli-
radian in azimuth.1* Unfortunately, the laser tracker was
available for only part of one test day.

Because of the variability of flight-test conditions and
procedures (including early termination of some runs and/or
early cutoffs of data recorders), only six normal takeoff runs
had sufficiently complete data sets for strict comparisons of
the TSRV positionsat V ; the TSRV wastracked by laser radar
inonly two of these runs, which further restricted comparative
data. These data are shown in Table 6 (page 20).
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Comparison of TOPMS Reference and
TSRV Body-mounted X-axis Acceleration
During Normal Takeoff Roll
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Figure 24

Runs 1-3 show resultswhen the along-track acceleration input
to the TOPMS agorithm came from the TSRV IMU. Runs
46 show similar data when the input was obtained using the
body-mounted, x-axis accelerometer. No suitable along-track
acceleration input signalswere obtained from the ADIRS unit.

A comparison of the computed and measured position data
isshown in Figures 26-28. In Figure 26 (page 21), six groups
of incremental differencesin takeoff-roll distances are shown
across the bottom and the run numbers common to each group
are indicated along the top. With the exception of run 2, the
algorithm method 1 computed val ues of takeoff-roll distances
d, from the TSRV start points to the locations where its
airspeed reached V , were approximately 200 feet (61 meters)
less than pretakeoff-roll-predicted distances dp for nominal
conditions. The magnitude of the differences corresponds
roughly to two lengths of the TSRV or less than the distance
it travels during the last second before reaching V. Part of
the difference can be attributed to . being updated from the
0.015 assumed nominal value to values ranging from 0.020
to 0.030. Also, the wind inputs were adjusted 2-3 knots
upward in al but run 2, where no change occurred. In runs
3-6, the method 2 computations of distance traveled for the
TSRV to reach V (dgs) closely agreed with pretakeoff
predictions of V positions; method 1 computations showed
only fair agreement. Runs 1 and 2 provided mixed support
of thistrend. Inruns 5 and 6, d and d,, compared well with
the respective laser-tracker measurements (d, ).

To provide additional insight, Figure 27 and Figure 28 (page
22) present curve data of the TSRV runway positions during
runs 5 and 6, respectively, by using the computational

Table 6
Measured and/or Computed
Positions of TSRV at Vi

Distance, feet
Run *dp Td, *dgs =,
1 3,307 13,033 3,068
2 3,441 03,467 3,740
3 3,244 13,067 3,248
4 |3,133 | #2,909 3,140
5 2,637 | #2,452 2,631 2,690
6 2,645 | #2,427 2,634 2,696

dp
Tda algorithm-computed distance from measured
1dgs algorithm-computed distance from measured

~dy

o]

#

algorithm-predicted distance from nominal
acceleration

acceleration

ground speed
measured distance from radar laser tracker
acceleration signal from IMU

acceleration signal from body-mounted
accelerometer

Source: U.S. National Aeronautics and Space

Administration, Langley Research Center

Acceleration, ft/sec2

Comparison of Reference and
Body-mounted X-axis Acceleration
During Takeoff with Excess Drag
(Deployed Spoilers)
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— Filtered body accel.
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Administration, Langley Research Center

Figure 25

20 FLIGHT SAFETY FOUNDATION « FLIGHT SAFETY DIGEST « OCTOBER 1994




Comparison of Laser-tracker-measured and
TOPMS-computed Positions of TSRV at V,
Run numbers in Table 6
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Figure 26

methods 1 and 2. In Figure 27, the run 5 pretakeoff
prediction (2,637 feet [804 meters]) of where the TSRV
should reach a speed of V under nominal conditions is
indicated by the dark circle. The laser tracker-measured
distance at V, (2,690 feet [820 meters]) isindicated by the
triangle. The solid and dashed lines show corresponding
positions using integration methods 1 and 2, respectively.
Both curves end at the location where CAS reaches V.
Similar datafor run 6 are shown in Figure 28. Both sets of
curves appear to increase smoothly with airspeed, indicating
that the distance differences might be attributable to the
integration methods rather than any parameter correction
anomalies. Nevertheless, not enough data are available to
confirm the trend.

The method 1 vs. method 2 pattern was al so apparent during a
reduced-thrust takeoff from the 2,000-foot (610-meter) altitude
commercial runway at Asheville, North Carolina, where no
laser tracker was available (Figure 29, page 22). The circle at

approximately 3,000 feet (914 meters) down the runway shows
the pretakeoff prediction based on the throttle setting that would
produce a scheduled EPR of 1.95. However, during this run,
the pilot purposely used a throttle setting that produced an
EPR of 1.7. The resulting lower acceleration level caused the
CAStoincrease at aslower pace and, according to method 1,
the TSRV reached V, about 1,000 feet (305 meters) farther
down the runway than predicted at pretakeoff; when using
method 2, the TSRV position was about 1,200 feet (366 meters)
farther down the runway. (Both curves terminate where CAS
reachesV.)

Aborted Takeoffs

Two maximum-braking aborts were made during tests at
the Wallops Flight Facility. The primary purpose was to
compare the laser-tracker-measured stopping distances vs.
the stopping distances computed by the TOPM S algorithm
using methods 1 and 2. Figure 30 and Figure 31 (page 23)
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Comparison of Laser-tracker-measured
And Three Computed Positions of
TSRV During Run 5 Takeoff Roll
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Comparison of Laser-tracker-measured
And Three Computed Positions of
TSRV During Run 6 Takeoff Roll

140 ~
- 120 - -8
<1
£ 100 -
o
Q
2 30
5 60
= Computed distance: method 1
£ 40 - — — — Computed distance: method 2
S ® Pretakeoff-predicted distance to Vg
20 - A Laser-tracker measurement at VR
] L ! ]
0 800 1600 2400 3200

Position on runway, ft

Source: U.S. National Aeronautics and Space
Administration, Langley Research Center

Figure 27

show this comparison for maximum-braking stops from ap-
proximately 80 knots and 100 knots, respectively. Thewinds
werelight for both runs so the CAS and ground-speed values
were approximately equal.

At the beginning of the 80-knot situation (Figure 30), W =
0.04 was entered as an intentional error, which the algorithm
correctedto p, = 0.016 at approximately 30 knots. At 80 knots,
it took about three seconds for the TOPM S pilot to call for the
abort and for the pilot flying to respond (i.e., hear the call,
reduce the throttles, pull the speed-brake lever and apply the
foot brakes); consequently, ground speed reached approxi-
mately 86 or 87 knots before braking became the dominant
longitudinal force. A comparison of airplane position during
the takeoff roll showed the sametrend as seen during previous
takeoffs (Figure 27 and Figure 28); that is, the laser tracker
determined that the position of the airplane was ahead of the
TOPMS-computed position. Note that the TOPM S compu-
tations and the laser measurements of the braking distance
correlated closely; the distance differential at the end of the
run was about the same asit had been at abort initiation. (The
runswere declared compl ete when speed was reduced to about
15 knots because the TSRV antiskid brake system ceased
operation below thislevel.)

In the 100-knot situation (Figure 31), the pilot flying reacted
more quickly (in slightly less than two seconds) and ground
speed reached only about 103 knots when full braking was
applied. Laser tracker measurements and method 2 compu-
tations of braking distance agreed closely; again, the laser
tracker indicated that the TSRV was slightly farther down
the runway.

Figure 28

To add interest during another braking run at the Wallops Flight
Fecility, the TOPM Spilot covertly selected the 2,000-feet- (610
meter-) to-go mark on hisrunway graphic asatarget stop point.
Then without informing the pilot flying of the purpose, the
TOPM S pilot verbally instructed the pilot flying when to apply
more or less braking. The pilot flying obliged and the TSRV
was brought to astop asthe nose of the graphic airplanereached
the target mark. The TOPMSS pilot then asked the safety pilot

Comparison of Runway Position
Computation Methods 1 and 2
During Reduced-thrust Takeoff Run
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Figure 29
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to look out the side window and report where the airplane had
stopped. The TSRV had indeed come to a stop approximately
opposite the 2,000-feet-to-go marker sign alongside the
runway. Although this was not a planned or rigorous test, it
further demonstrated that the TOPM Salgorithm was providing
reasonably accurate distance information on dry runway
surfaces.

The SAFsand predicted stop-point x augment the elemental,
distributed TOPMS display with important information
concerning both system and acceleration performance. For
example, after an enginefailure, the pilot must quickly assess
the seriousness of the situation and decide whether the
airplane can be stopped in the remaining runway distance. A
red SAF would instantly advise the pilot that the airplane
could probably be stopped; agreen SAF would indicate that
it most likely could not. The predicted stop-point symbol x
would support the SAF in both cases.

An EPR bar that rises to its target (scheduled) mark, turns
red, and does not diminish in length indicates a serious
mismatch between the measured EPR and the EPR value
associated with the measured throttle position. A situation
in which both engines are operating with a serious EPR
mismatch isillustrated in Figure 18 (page 14). In thisfigure,
the shaded triangle has advanced so far downfield that it has
crossed the GRLL. Two violations of TOPMS criteria that
have occurred (Table 5, page 17) for continued takeoff are a
large EPR vs. throttle-position EPR disagreement and
insufficient runway distance remaining for a sanctioned
takeoff. Either of these violationswould trigger an abort SAF.
The following real-world case illustrates this situation.1®
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Distances After Abort at
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Figure 30
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Figure 31

In January 1982, a heavily loaded Boeing 737-222 attempted
to depart from the Washington National Airport (Washington,
D.C.) inaheavy snowstorm. For several contributing reasons,
theflight ended in afatal crash soon after liftoff. The runway
length was near minimum for the airplane under the existing
weather and loading conditions.

If aTOPMS like the one described in this report had been
operating aboard that aircraft, it would have provided the
pilots with the following information:

1. Before beginning the takeoff roll, the pilot would have
set thethrottles on zero deflection angle for idle thrust,
but the EPR bars on the display would have extended
noticeably above their usual zero length, which
indicates that greater than idle thrust was being sensed.
Engine sound and other cockpit information, however,
would not have supported an above-idle-thrust situa-
tion and would have alerted the crew of a potentially
serious problem.

2. If this visual cue were ignored and the takeoff roll
begun, both EPR bars would have risen to their
respective target marks in response to the throttle
advances, which would have been lower than normal.
About three seconds after the throttles were set to match
the target EPR marks on the display, both EPR bars
would have turned red but retained their target length.
Additionally, the algorithm would have reacted to the
large mismatch between the target EPR and the EPR
value associated with the sensed throttle position by
immediately causing an abort SAF and apredicted stop-
point x to appear on the runway graphic. The shaded

FLIGHT SAFETY FOUNDATION « FLIGHT SAFETY DIGEST « OCTOBER 1994 23




triangle would also have jumped far down the runway
indicating that measured accel eration was significantly
lower than the nominal expected for the ongoing
maneuver.

3. If thetakeoff roll continued, the shaded triangle would
have soon crossed the GRLL (shown in Figure 18,
page 14), violating yet another abort criterion. (See
condition 7 in Table 4, page 8.)

A TOPMS display with fewer features (e.g., no SAF or x )
would also have provided valuable information in the case
described above but would not have been as dramatic. The
nominal-length red EPR bars would have brought attention
to the display; the greatly separated triangles would have
indicated graphically that the magnitude of the low-
accel eration condition and that the airplane might not attain
V, before it reached the GRLL.

Inclusion of the SAFs in the TOPMS package is not
intended to reduce pilot responsibility in deciding on a
course of action (i.e., GO or NO-GO). The SAFs provide
an instant second opinion that a problem that requires
action may exist based on the algorithm’slogical analysis
of existing parametric values and other data related to
programmed criteria. Whereas the SAFs may not be per-
ceived as stop-priority (or necessary) information by
highly experienced pilots (such asthe TOPM S pilot in this
study), the SAFs would provide valuable and timely cues
for less experienced pilots; the SAFs would prompt them
to immediately scan the supporting information to verify
a real or potential problem and quickly decide on the
appropriate control response (i.e., make the GO/NO-GO
decision as early as possible).

An alternative to the abort SAF in this situation could be
an acceleration-error indicator (e.g., the one used in the
TOPMS HUD in the reference 16 simulation study).
Inclusion of either the abort SAF or an acceleration-error
indicator should facilitate early investigation of the cause
of the shaded triangl e displacement away from the predicted
V point (i.e., lower-than-nominal throttle setting, EPR-bias
errors or excessive drag). The presence of either symbol
(or both) also relieves the pilot from having to closely or
continuously watch the shaded triangle.

For completeness, the amber SAF (Table 4, page 8 and Figure
15, page 13) was flight tested; however, it is being deleted
from the TOPMS for lack of sufficient pilot support in this
and in previous studies.1

The TOPMS runway tests indicated to the test team that the
simulator-developed TOPMS technology had been success-
fully transferred to the TSRV. The algorithm was easily
installed on the TSRV regular graphics computer. It reliably
calculated the TSRV performance and accurately provided a
graphical display of the runway situation expected under a

variety of nominal and error conditions (i.e., induced accelera-
tion deficiencies; simulated engine failures; and several
runway, gross-weight, temperature, wind, pressure and altitude
conditions). The TOPMS also interfaced well with other
onboard equipment through the airplane’s all-purpose, high-
speed data bus.

Although quantitative data gathering was not a primary test
objective, some preliminary distance comparisons were
extracted from recorded flight data. In particular, thefollowing
trends were observed:

» Whenroll distances required to reach takeoff speedV 4
were computed from accel erometer measurements, they
were typically two airplane lengths less than (a)
pretakeoff-predicted distances computed from nominal
acceleration, (b) distances measured by aground-based
laser radar tracker and (c) distances computed from
independently measured ground speed.

« The computed and measured braking distances appeared
to bein better agreement than the takeoff-roll distances;
however, additional data are needed to confirm this.

Based on the results of these runway tests, the following
recommendations concerning the TOPMS algorithm and
displays are listed:

e A study should be made to determine the optimal
magnitude of the error band about the reference acce-
leration to prevent unwarranted or nuisance abort
advisories. This study illustrated that a £10-percent
error band should be sufficient when well-filtered,
along-track accelerometer signals are available;
however, this error band may not adequately encom-
pass all of the possible nuisance anomalies.

» The p-update feature could be removed because it
appearsto provide very little practical benefit; in fact,
in some instances, it may be counterproductive.

* The GO and NO-GO SAFs should be retained as active
elements of the TOPM S displays. The TOPM S displays
provide desirable basic performanceinformation without
them, but the SAFs appear to be a positive enhancement.

4. An accurately measured ground-speed signal, when
available on a particular airplane, should be considered
as the TOPMS input for the real-time distance compu-
tation of the airplane position. This computational
technique, however, also needs more extensive study.

The TOPM Sisoperational and has been retained on the TSRV
for general use and demonstration. It would, however, be
desirable to demonstrate and evaluate the TOPM S on another
airplane with different characteristics, sensors and support
equipment (e.g., a head-up display). The TOPMS software
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could be adapted and used to advantage on any modern airplane
equipped with digital flight-control computers.

[Editorial note: Thisarticle has been adapted from the U.S.
National Aeronautics and Space Administration Technical
Paper 3403, Flight Test of Takeoff Performance Monitoring
System. May 1994, Langley Research Center, Hampton,
Virginia, U.S.]
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Aviation Statistics

Turbulence Accidents|ncreased in
1993 Over Previous FiveYears

The 1993 rate for pushback accidents was lower than
that for five- and 35-year periods.

Editorial Saff

Commercial Jet Transport Safety Statistics 1993 examines
commercial aviation's safety record not only for 1993 but for
the five-year period 1989-1993 and the 35-year span from
1958, at the beginning of the jet transport era, to 1993.

Among the specifics presented in the study, published by
McDonnell Douglas, are those for “excluded accidents,” that
is, those with characteristicsthat caused them to be eliminated
from mainstream acci dent data; for accident sources subdivided
according to personnel; and for accidentsinvolving unsafe acts.

Excluded accidents (Figure 1, page 28) fall outside the
parameters for accidents considered elsewhere in the study.
“They arethose,” said thereport, “inwhich neither theaircraft's
equipment, crew, nor flight operational procedureswerefactors
in the accident.” Examples included towing or pushback
mishaps, ground collisionsin which the aircraft was struck by
another object such asajetway, servicing accidentsand terrorist
acts. Under this definition, a full 26 percent of al aircraft
accidents were excluded in the rest of the study.

During the 35-year period, turbulence was responsible for the
largest number (164) of these accidents. The study defined an
accident as when “any person suffers death or serious injury
asaresult of being in or upon the aircraft, or by direct contact
with theaircraft or anything attached thereto.” The next highest
incidences were associated with pushbacks (56), followed by
emergency evacuations (51).

Rates for these three most common types of “excluded”
accidentswere studied for the 1989-1993 period and for 1958-
1993 (Table 1, page 27). Turbulence-rel ated accidents showed
exactly the same rate (0.42 per million flight hours) in 1993
as in the 35-year survey, although the rate was lower (0.20)
for the five-year span. The 10 turbulence-related accidentsin
1993 represented a larger number than in any of the previous
four years.

Although pushback accidents have received more attention
recently (Airport Operations, May-June/July-August 1994),
the 1993 rate (0.15 per million departures) was lower than
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that for either thefive-year period (0.44) or the 35-year period
(0.22). The rate for emergency-evacuation accidents varied
little among the 1993, five-year or 35-year periods studied.

The study examined the numbers of varioustypes of personnel
who were accident sources in 1993 and from 1958 through
1993 (Figure 2, page 29). “ Source” was defined as “the thing,
person or circumstances that precipitates an event.”

Captains scored highest as accident sources among all
personnel both in 1993 and throughout the 35-year period,
according to the data. In the 710 casestotal where the captain
was cited as the accident source, the majority of lapses were
listed as “execution of action less than adequate” (499),
followed by “judgment less than adequate” (266) and “failure
to follow proper procedure” (131).

The captain was an accident source in 80 percent of the total
number of citations (888) from 1958 through 1993. (Because
any given event could involve more than one person, this does
not mean that the captain was necessarily the sole source of
80 percent of the accidents.) The corresponding figurefor 1993
only was 22 out of 28, or virtually the same (79 percent).

In 1993 as in the 1958-1993 span, first officers represented
the second largest group of accident sources. Among other
personnel, there were some differences between the single-
year and 35-year totals. Ground crew were cited as sources 18

times, out of atotal of 888 (2 percent) during thelonger period,
but did not appear in the 1993-only figures. Neither did
maintenance or other flight deck personnel, who were cited as
accident sources 13 and nine times, respectively, during the
1958-1993 period.

The breakdown of “accidentsinvolving unsafe acts” (Figure
3, page 30) also showed occasional frequency contrasts
between the 1993 single-year and 1958-1993 statistics.

In 1993, the most frequent unsafe acts cited were failure to
maintain directional control (six instances), followed by failure
to go around, facilities inadequate, and failure to monitor
weather (four citations each). During the 1958-1993 period,
the most frequent unsafe acts cited were failure to monitor
instruments (126), failureto maintain directional control (119)
and improper instrument approach. Of those categories, both
the first and third ranked relatively low in 1993 alone (two
instances and one instance, respectively.)

Comparisons of the 1993 vs. long-term datain thesethree areas
cannot be taken as evidence for any trend, because random
variations cancel out the statistical significance of any one
year'sfigures.

The study included only Western-built jet airliners, and did
not state whether there were any restrictions on country of
registration. ¢

Table 1
Rates for Three Most Common Types of “Excluded” Accidents
1958-1993

TURBULENCE PUSHBACK EVACUATION
Events Rate* Events | Rate* Events Rate*

1993 10 A2 2 15 3 22

Last 5 years 22 .20 29 44 15 .23

All years 164 42 56 .22 51 .20

* Per million departures
Source: McDonnell Douglas
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Publications Received at FSF
Jerry Lederer Aviation Safety Library

Advisory Circular OutlinesOne
Method of Obtaining Approval for
GPS Navigation Equipment

Another study analyzes exposure of passengersto cold
after being doused with cabin water spray systems.

Editorial Saff

Reports

Airworthiness Approval of Global Positioning System (GPS)
Navigation Equipment for UseasaVFR and IFR Supplemental
Navigation System. U.S. Federal Aviation Administration
(FAA). Advisory Circular (AC) No. 20-138. May 1994. 35p.;
appendices.

Summary: The global positioning system (GPS) is a
satellite-based radio navigation system that determines
precise position anywhere in the world by using range
measurements from GPS satellites. The U.S. Department
of Defense (DOD) operates and monitorsthe satellites. This
AC outlined one method of obtaining airworthiness approval
for using GPS equipment as a supplemental navigation
system for oceanic and remote, domestic en route, terminal
and nonprecision instrument approach (except localizer,
localizer directional air [LDA] and simplified directional
facility [SDF] operations). Only approval of stand-alone
GPS equipment was discussed. The AC did not address GPS
equipment incorporating differential GPS capability. [from
purpose]

The Effects of Cold Exposure on Wet Aircraft Passengers:
A Review. Garner, Robert P.; Wilcox, Bruce C.; England,
Harvey M.; Nakagawara, Van B. Report No. DOT/FAA/AM-
94/10. A special report prepared for the U.S. Federal

Aviation Administration (FAA) Office of Aviation Medicine.
May 1994. 16 p.; ill.; appendices. Available through U.S.
National Technical Information Service (NTIS)*.

Keywords

1. Aviation
2. Thermoregulation
3. Hypothermia

Summary: Cabin water spray systems (CWSS) aboard com-
mercial passenger aircraft have been suggested as a method
of reducing passenger death and injury from fire and smoke,
often associated with aircraft accidents. The report examined
physiological responses of people who were exposed to the
elements after being saturated with moisture from a CWSS.
The report said that the severity of the exposure would be
proportional to wind speed and to the degree to which the
individual was doused, and inversely proportional to ambient
temperature. The authors said that experiments to develop
models to predict the severity of cold injury under variable
environmental and wetness conditions still need to be
designed. A full investigation would be better able to
determine if the survival benefits of a CWSS outweigh the
health risks, the authors said. [from abstract]
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Unreported Medications Used in Incapacitating Medical
Conditions Found in Fatal Civil Aviation Accidents. Canfield,
DennisV.; Flemig, Jo; Hordinsky, Jerry; Veronneau, Stephen.
Report No. DOT/FAA/AM-94/14. A special report prepared
for the U.S. Federal Aviation Administration (FAA) Office of
Aviation Medicine. August 1994. 8 p.; ill. Available through
U.S. National Technical Information Service (NTIS)*.

Keywords

1. Medical Conditions — Unreported — Drugs — Aviation

Summary: The FAA Civil Aeromedical Institute's (CAMI’S)
Toxicology and Accident Research Laboratory analyzes all
fatal aviation accidentsthat occur in the United States. Between
1987 and 1992, the Toxicology and Accident Research
Laboratory received specimens from 2,192 pilots for post-
mortem toxicology analysis. Drugs used to treat potentially
incapacitating medical conditions were found in 48 of the
cases: 13 cardiovascular, 28 psychiatric and seven neurological.
In most of cases, the drugs or illnesses would have caused the
Office of Aviation Medicineto reject the pilot’s certification.
[from abstract]

Books

ATP, Airline Transport Pilot: A Comprehensive Text and
Workbook for the ATP Written Exam, fourth edition. Boyd,
K.T.Ames, lowa, U.S.: lowa State University Press, 1994. 174
p.; index; appendices.

Keywords

1. Aeronautics — Examinations, questions, etc.

2. Airplanes — Piloting — Examinations, questions, etc.

3. Air pilots— Licenses — United States

4. Transport planes — Examinations, questions, etc.

Summary: The book leadsthereader logically through the steps
and knowledge necessary to carry out a flight under U.S.

Federal Aviation Regulations (FARs) Part 121. Chapters cover
computer functions and problems, weight and balance,
preflight regulations, flight planning, navigational aids
(NAVAIDS), en route regulations, meteorology, weather
reports and depictions, and terminal procedures and regu-
lations. Each chapter ends with a quiz, and a sample Airline
Transport Pilot (ATP) examination is included. Answers for
all testsin the book are supplied.

Aviation Psychology in Practice. Johnston, Neil; McDonald,
Nick; Fuller, Ray, eds. Brookfield, Vermont, U.S.: Ashgate
Publishing Co., 1994. 390 p.; ill.; index. ISBN 0-291-39808-1.

Keywords

1. Aeronautics — Psychology

2. Psychology, Industrial

3. Aeronautics, Commercial — Safety measures
4. Aeronautics — Human factors

Summary: The book, published in conjunction with the 21st
Conference of the Western European Association for Aviation
Psychology, Dublin, Ireland, March 1994, seeks to broaden
the focus of aviation psychology beyond the flight deck to
include the entire aviation system. It also discusses new
theoretical developmentsthat are shaping aviation psychol ogy.
The 15 essaysin the book are contained in four sections: “ The
Aviation Socio-technical System,” “Learning from Accidents
and Incidents,” “New Theoretical Models’ and “ The Delivery
of Training.” The book and the conference were activities of
the Aerospace Psychology Research Group of Trinity College,
Dublin. Contributorsinclude Earl L. Wiener, R. Curtis Graeber
and Helen C. Muir. ¢

* U.S. Department of Commerce
National Technical Information Service
Springfield, VA 22161 U.S.

Telephone: 703-487-4780
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Advisory Circulars (ACs)
AC Number

AC 150/5200-28A

AC 00-44FF

150/5370-10A

150/5370-10A
AC 150/5220-20

AC 150/5360-13

AC 23-14

Part

Date
8/10/94
July 1994
716194

5/20/94
3/1/94

1/19/94

9/30/93

U.S. Federal Aviation Regulations (FARS)

Date

Updated U.S. Federal Aviation Administration Reference M aterials

Subj ect
Change 1 to Notices to Airmen (NOTAMs) for Airport Operators
Satus of Federal Aviation Regulations. Cancels AC 00-44EE

Change 8 to Sandards for Specifying Construction of Airports
(Revises Item F-162, Chain Link Fences)

Change 7 to Standards for Specifying Construction of Airports

Change 1 to Airport Snow and Ice Control Equipment, Chg 1
(cancels AC 150/5220-12, dated June 12, 1978)

Change 1 to Planning and Design Guidelinesfor Airport Terminal
Facilities

Type Certification Basisfor Conversion from Reciprocating Engine
to Turbine Engine-powered Part 23 Airplanes

Subject

Part 135 6/21/94—7/29/94  Air Taxi Operators and Commercial Operators (Change 3, incor-

porating Amendment 13549, Emergency Locator Transmitters,
adopted June 10, 1994, which affects 8§135.167(c); and Amendment
135-50, Exit Seating for On-demand Operations, adopted June 21,
1994, which affects §135.129).
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Accident/Incident Briefs

Blanketsin Overhead Bin Appear to
Have Been Ddliberatdy I gnited

The NTSB recommended that the FAA establish a flammability test
method and performance standard for blankets supplied to airlines.

Editorial Saff

Thefollowing information provides an awareness of problems
through which such occurrences may be prevented in the future.
Accident/incident briefs are based on preliminary information
from government agencies, aviation organizations, press
information and other sources. This information may not be
entirely accurate.

Air Carrier

Firein Overhead Bin Prompts
Safety Recommendations

Boeing 727-251. Minor damage. Two minor injuries.

Theaircraft was being pushed back from the gatein Montreal,
Canada, when smoke was detected in an overhead storage
compartment in the passenger cabin.

Crew members quickly extinguished the fire with two Halon
fire extinguishers. Two passengers were injured in the
emergency evacuation and the aircraft suffered minor heat and
smoke damage.

The incident was investigated by the Transportation Safety
Board of Canada (TSB) and the U.S. National Transportation
Safety Board (NTSB). The investigation determined that the
fire originated in several blankets stored in the overhead bin,
but no ignition sources were found in the compartment or in a
carry-on bag stowed there. Theincident report said that on the
day after the fire, investigators found a fire-scorched paper
towel in each of the two aft lavatories and a burned match
beside each towel. “ The evidence strongly suggested that the
fire in the overhead compartment had been deliberately set,”
the incident report said.

The report said that blankets identical to those stored in the
overhead bins were examined following the fire. “The fabric,
100-percent polyester, ignited easily with amatch,” the report
said. “Following ignition, the polyester melted and resulted in
amolten polyester fire”

The NTSB concluded that “allowing the use of highly
flammable blanketsfor passenger comfort isinconsistent with
current FAA [U.S. Federal Aviation Administration] standards
and requirements to reduce the flammability of interior cabin
materials’ and recommended that the FAA develop a “fire
performance test method and performance criteria (standard)
for blankets supplied to commercial operators” The NTSB

34 FLIGHT SAFETY FOUNDATION « FLIGHT SAFETY DIGEST « OCTOBER 1994




added that operators should then be required to use only
blankets that meet those standards.

Side-step Maneuver
Ends on Wrong Runway

Boeing 737-300. No damage. No injuries.

During an instrument landing system (ILS) approach on
Runway 17L, the crew of the Boeing 737 was advised by air
traffic control (ATC) to expect a visua side-step to Runway
17R and to report when the runway was in sight.

When the crew reported the runway in sight, ATC cleared the
aircraft to land on 17R. Weather at the time was reported as
scattered clouds at 800, 3,000 and 14,000 feet (244, 914 and
4,267 meters), ceiling 20,000 feet (6,096 meters) broken with
light rain.

Just before executing the side-step, the crew identified what
they believed was 17R, based on runway light intensity and a
landing aircraft ahead of them. The landing aircraft ahead of
the B-737 was actually a commuter landing on Runway 18.
The controller, unsure of the B-737’slocation after itslanding,
directed the next aircraft in sequence to go around. Once the
B-737 was established on the approach to the wrong runway,
itsdescent rates al so met criteriafor an unstabilized approach.

The crew did not realize that they had landed on the wrong
runway until they noticed that signage and taxiway geometry
did not match what they had expected to see.

Air Taxi

Improper STOL Procedures
Stall Commuter

DeHavilland DHC-6. Substantial Damage. One seriousinjury.
One minor injury.

The DHC-6 Twin Otter became airborne after a take-off roll
of about 300 feet. The aircraft initially began to climb, but
then started to descend. The aircraft then climbed again, more
steeply than before, then suddenly descended again in a steep
nose-down attitude, crashing halfway down the runway.

No passengers were on board. The captain sustained minor
injuries and the first officer was seriously injured.

An investigation conducted by the Transportation Safety
Board of Canada (TSB) determined that inappropriate short-
takeoff and landing (STOL) procedures had been applied by
the crew.

TheTSB said that Transport Canada (TC), using information
from the TSB accident investigation, “advised its regional
offices that all Twin Otter operators should be made aware
that STOL operationsoutlined in the Supplemental Operating
Procedures [in aircraft flight manuals] are not authorized in
commercial operations.”

The TSB added: “Most aircraft flight manuals contain two
types of information. One type is approved and mandatory
information on the operation of the aircraft. The other, non-
approved, includes supplemental operating procedures from
the aircraft manufacturer that have not necessarily been
reviewed by the certificating authorities and thus might not
meet safety margins expected for commercial usage of the
aircraft.”

The TSB noted that the Twin Otter “has an international
reputation asaSTOL aircraft and isoften utilized in operations
demanding short field operations. However, in the flight
manual for this aircraft, warning sections indicating that the
maximum performance STOL configuration does not meet
certification standards are not prominently displayed, nor are
the operating limitations generally understood by operators
of the Twin Otter.”

The TSB recommended that the Canadian Department of
Transport “define, through a program of flight testing, the
aircraft configuration and operating conditions under which
‘maximum performance’ STOL takeoffs are authorized”
and advise all DHC-6 operators “on a global basis of the
operating limitations” for these STOL procedures.

Corporate
Executive

A

Hypoxia Blamed for Fatal Crash
Cessna 340. Aircraft destroyed. One fatality.

The twin-engine Cessnawas on anight ferry flight cruising
at 25,000 feet (7,620 meters). During the flight, the pilot
left the cockpit to use the lavatory located in the rear of the
aircraft.
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Although oxygen was available in the cockpit, supplemental
oxygen was not available in the cabin. The aircraft crashed
three hours and 57 minutes after departure. The pilot’s body
was found in the aft cabin area

A subsequent investigation revealed that the aircraft had
been operated with a known pressurization system de-
ficiency that limited the aircraft to 17,000 feet (5,182
meters) mean sea level while maintaining a cabin altitude
of 10,000 feet (3,048 meters). It was determined that the
left engine failed because of fuel starvation. Propeller
signatures indicated that the right engine was developing
power at impact. The investigation concluded that the pilot
suffered from hypoxia and was unable to return to the
cockpit.

Pilot Killed on Familiarization Flight;
Lack of Systems Knowledge Cited

Cessna 421. Aircraft destroyed. One fatality.

During afamiliarization flight by the newly hired commercial
pilot, the right engine failed because of fuel starvation. The
aircraft crashed in a pasture in a nose-down, left-wing-low
vertical descent angle. A post-impact fire consumed the cabin
and left wing.

An investigation determined that neither propeller was
feathered and that the landing gear was in the extended-
and-locked position. Flaps had also been lowered to a 45-
degree position.

The pilot had not been checked in the aircraft and was not
familiar with the operation of the fuel system or emergency
procedures for the aircraft, investigators said. The airspeed
decreased bel ow the minimum controllable airspeed and the
aircraft stalled.

Other
General
Aviation

Engine Failure Mars Training Flight
Cessna 172. Substantial damage. Two minor injuries.
The student was practicing pattern work with an instructor.

When the aircraft was at 600 feet (183 meters), the instructor
reduced engine power to idle to simulate an engine failure.

At 300 feet (91 meters), the throttle was advanced but the
engine did not respond. An off-airport landing was made
on a field. During the landing roll, the instructor ground
looped the aircraft to avoid a ditch at the end of the field.
The aircraft came to rest inverted and the student and
instructor received minor injuries.

Heavy Landing Sends
Aircraft Off Runway

Piper PA-28. Substantial damage. No injuries.

The single-engine Piper was attempting to land on Runway
25 after a short cross-country flight. When the aircraft was
about 15 feet (5 meters) off the ground, at 85 knots, the
wind diminished and the aircraft dropped heavily onto the
runway.

The nose wheel collapsed, the propeller struck the runway
and the aircraft veered off the runway into the grass. Asthe
aircraft departed the runway, the right main gear collapsed
and the right wing was damaged. Surface winds at the time
were reported as 320 degrees at 10 knots.

Rotorcraft

Water in Fuel Tank Cuts Flight Short
Schweizer 300C. Substantial damage. One serious injury.

The Schweizer was on an aerial observation mission when
it experienced aloss of engine power after take off at about
300 feet (91 meters) above ground level. The pilot entered
autorotation and the helicopter collided with the ground.

During a post-crash examination, about one and one half
gallons of water was recovered from the right main fuel
tank. The pilot was seriously injured and the helicopter
sustained substantial damage in the accident. Weather at
the time was reported as clear skies, visibility 15 miles (24
kilometers) and winds at 5 knots. ¢

36 FLIGHT SAFETY FOUNDATION « FLIGHT SAFETY DIGEST « OCTOBER 1994




BLANK
INSIDE
BACK
COVER



FLIGHT SAFETY DIGEST
Copyright © 1994 FLIGHT SAFETY FOUNDATION INC. I SSN 1057-5588

Suggestions and opinions expressed in FSF publications belong to the author (s) and are not necessarily endor sed
by Flight Safety Foundation. Content is not intended to take the place of information in company policy handbooks
and equipment manuals, or to supersede gover nment regulations.

Staff: Roger Rozelle, director of publications; Girard Steichen, assistant director of publications;
Kate Achelpohl, editorial assistant; Rick Darby, editorial consultant; and Dwyane D. Feaster, production consultant.

Subscriptions: US$95 (U.S.-Canada-Mexico), US$100 Air Mail (all other countries), twelve issues yearly. ¢ Include old
and new addresses when requesting address change. « Flight Safety Foundation, 2200 Wilson Boulevard, Suite 500,
Arlington, VA 22201-3306 U.S. « telephone: (703) 522-8300 « telex: 901176 FSF INC AGTN - fax: (703) 525-6047

We Encour age Reprints
Articles in this publication may be reprinted in whole or in part, but credit must be given to: Flight Safety Foundation,
Flight Safety Digest, the specific article and the author. Please send two copies of reprinted material to the director of publications.

What’sYour Input?
Inkeeping with FSF’sindependent and nonparti san mission to disseminate obj ective saf ety information, Foundation publications
solicit credible contributionsthat foster thought-provoking discussion of aviation safety issues. If you have an article proposal,
a completed manuscript or a technical paper that may be appropriate for Flight Safety Digest, please contact the director of
publications. Reasonable care will be taken in handling a manuscript, but Flight Safety Foundation assumes no responsibility
for material submitted. The publications staff reserves the right to edit all published submissions. Payment is made to author
upon publication. Contact the Publications Department for more information.




