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PROCEMIRAL CHANGE

The April 1984 e of MD Fiight Apprasc i dedicated 10 the meteor-

ological hatords that can case windshear, including microbrses.
e and The recommended procedure for takeoll inbo sespected windshesr oo

ditions s the infiowing
FAA Advisory Circuler AC-D0-50A. dated 1-3 579, was published o pro-

vicle guidance for recognizing meteorologcal stuations that prochce wird- . Use rmanimum rafed threst: do not e reduced thnust
sharir and describes preflight and inflight procedures for detecting Ehe
phenomenon &5 well 03 pllot technbques that minimige the elfect when 2. Use longest avalable nmsay with least probabiity of wind-
windshear is encourtered on takecd] or anding P C.

Windshew Precastions snd Encounter Taclies ' presented on Page |4 1. Compuate takeoll speeds and set speed bags lor the actsal
urader Precautions’ in the magasine Fuve been reviewed. The lollowing groes weight
procedures shauild be wsed in Bew of those previcusly published

The phrase ~maxkmum performance manoueer’ snelerned 10 in b proe 4. Compute ¥y and V, tiskeoll speds fof the periofmarnde-
cedure for takeol! iro suspected windshear condilion. The mazimum - limited gross weight

formance maneiuver & 5. Compane the performance-limited ¥V, (Step 4) to the achsal

* increase pitch as reguined to controd vertical speed and alitude gross weight 'V (Step 31, Takeolf imo aspected windshear
The incresse in pitch ariitude should be imited (o the onset of conditiors is noa recommended and should nor be arempred
witch shaker and thereafter to eiermiitens stick shaker 10 ensure urkess the periormance-limited V) iStep 4) exoeeds the actual
that stall margin io sick shalkes i maintained groes welght W, (Step 9 by at least 10 nots.

®  Thrust incregse. whesn & & reqguired, should be immediage to the . Prior b ¥,
go-arcaind limit ared. i necessary, the throfle levers should be It windlshesar s ercountensd peior fo the actual gross weight |

placed at the: mechamical stops abairt thee kel
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7. Aler V| Prior fo Liloft

* I engine failure oocurs prior to attaining the acoual gross

Wi Y, (Step 1) use it for rotation

H engine tafsre ooturs after the actual gross weight ¥, (Sep

31, rogabe @t the perdormance-limited 'V, as determined in .

Step 4

All engires operative = Fly to the perlormance bmited gross

welght W, fSbep 4)

All engines operative — Fly bo pe
"H:llhtlll". = |0 fShep 4

» |f windshear s encosntered — |Immediaiely implement
‘manenum EerlormEance manewver

Il wirdshear & ercountered — Newsl Folale laler than al

peoint whese sufficent nenway s available 10 ensure Night
palk obstacks cesrance. Afier airborne Imglement the

A mum Eerformance manewver | pecessany

B Afer LT

% Engine incperathoe after liholl — Fly to the performance-

limited gress weighs V. if leasible (Step £)

Mote: When fying to the petormancedmited speeds. a
ssh foroe cam be edpecied 10 maintain nosewhes
contact with the: nanway ta vy and to mairtain the
second segment speed

This procedure is within the inent of ACD0-30A and it provides greater
pertarrahie and safely marging than the cirosbe
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advantages, Its high sirength resisis wing bending and
contributes to torsional strength and stiffness. Resistance
to damage ks high, and no loss of LFC occurred during
tests when dents made with a hammer were repaired by
filling. The porosity is uniform and unaffected by stress or
strain; any dirt accumulation can be removed by steam
cleaning to restore the original porosity. The perforated
titanium Is also corrosion-resistant and cost-cHective as a
suction surface.

SWEPTWING LFC WIND TUNNEL TESTING

After initial wind tunnel testing to compare alter-
native suction surfaces. LFC capability was demon-
strated under the crossflow conditions existing on a
sweptwing Douglas performed the low-speed wind tun-
nel testing. and test results are llustrated in Flgure 6.

The model chord measured 2.1 3 meters (7 feet). and
the modified tunnel walls simulated an infinite 30-degree
sweptwing. The maximum Reynolds number was 4.11 x
107 per meter (1.35 x 10° per foot). compared with 4,87 x
107 per meter (1.6 x |07 per foot) for an aircralt flying at
Mach 0.75 at 38,000 feet.

Laminar flow was achieved satisfactorily back to
Bi-percent chord, using suction 1o TO-percent chord.

An alrcraft deslgn study assessed the possible
benefits of LFC applied to commercial transport aircraft
Thie mission format included a 5.000-nautical-mile range.
69.000Hb payioad (300 passengers plus cargol, 08
cruise, 130 KEAS approach speed. and a 100004001
fiedd length,

Because of the unusual wing construction, the study
included strength, flutter, and aeroelastic analyses for
several aspect ratios. It utilized advanced technology
appropriate to the year 1995 and Included a graphite-
epayy composite hasic wing structure.

The Initlal configuration was laminarized to T0-per-
cent chord on both upper and lower wing surfaces. The

Figure & Effect of Suction to 70-Percent Chard on Tramsition

suction pump and drive systems mounted under the wing
near mid-semispan reduced suction duct sizes; the pro-
pulsion engines located on the aft fuselage reduced
engine noise effect on LFC,

For comparison, the study wused competitive tur-
bulent Aow configuration deslgned for the same mission
and with the same level of advanced technology except
for LFC.

The comparison showed that the LFC airplane would
require 22 percent less fuel for the same mission, allow-
ing for 2 percent fuel used in providing suction

Futher consideration of the intial LFC configuration
dischased & numbier of concerns:

I. Positive protection of the wing leading edge would
be required o avold insect Impingement — nsect
chebiris ms small as (. | mm (00004 inchl above the sur-
face could cause a tralling wedge of turbulence.

2. Access to wing systems would be difficult with LFC
on the lower surface.

3. The lower LFC surface would be vulnerable to
damage from debris thrown up from the runway

4, The LFC wing area was 27 percent greater than an
equivalent turbulent wing area, due to the relatively
poor maximem lift capability of an LFC configuration
which did not have a leading edge device.

It became obvious that a leading edge shield for con-
tamination avoidance could be shaped to provide
increased lift and could be retracted into the lower sur-
face when not in use. A device of this type Is shown in
Flgure 7. With such a device, laminarization of the lower
surface would be impractical due to surface irregularities
at the interfaces. However, removal of LFC from the
lower surface would overcome the vulnerability and
access problems, LFC s less effective on the kower sur-
face. so Douglas engineers considered extending laminar

Figure 7, Leading Edge Design with Upper Surface Sucthon
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flow to B5-percent chord on the upper srface as possi-
ble compensation. The effect on drag = shown in Fig-
ure A It seemed possible that the small increase in drag
coefficlent could be more than compensated by the
simpler LFC systern and increased maximum wing lift
Even with a smaller flap aht a wing with a leading edpe
device can provide 24 percent more it |Figure 9)

A wind tunnel test in the NASA-Lewis icing funnel
(Figure 10} confirmed the shielding effect of the leading
edge device and provided data for use in analyzing Insect
trajectories. based on existing programs developed for
ice accumulation.

The revised LFC configuration with suction only on
the upper wing surface 1o 8%percent chord is shown In
Figure 11, The improvements over the previous con-
figuration are presented in Table | From every aspect
considered. the configuration with LFC on the upper
wing surface only (US0) ks superior, In addition. practical
design objectives of reduced vulnerability to both insect
contamination and forelgn object damage plus normal
wing acoess to systems are obiained

The effect of LFC on direct operating cost |DOC) s
ehown as a function of fwel cost in Figure 12, Based on
recent fuel prices. the DOC of the USO alrcralt would be
b to B percent bese than for an equivalent aircraft without
LFC. and the USO aircralt is again superior to the aircraft
with suction on both upper and lower surfaces iU + Lk

LFC LEADING EDGE FLIGHT TEST

The leading edge region of the wing ks most critical
under adverse environmental conditions. To test the
effectiveness of the LFC surface protection systems, a
Douglas LFC leading edge has been inctalled on the
MASA |etStar, and the test resulls to date are very
encouraging. The test saction (Figure | 1 is located within
i ghove fadring designed (o provide a pressure digtriba
tHion similar to that destred for LFC. The protective shield
uses only a simple hinge (Figure 14}, and. for this test
installation iz designed to avold significant asymmetric lift
when estended only on one side of the aircraft. The
redatively small shield is equipped with a supplementary
spray system to provide additional protection lor the
upper surface if necessary. Preliminary flight test results
indicate that even the small shield may be suffickently
effective for contamination avoidance without the spray,
and laminar flow has been achieved over the test section
under cruise design conditions,

LFC on Both LFC o Upper
Wing Swrfaces  Surface Only

Wing Area m? (FT) 131 08,580 288 {1100
Weight [OEW] kg iLBj TR0 115 AR T a0 206,550
ThrustiEng 5.5 kM LB 454 (32,6900  1hEA 1430
Fiael Burned lag 18| ARTAS (NORATIN 49260 | 108, 600
imiial Cost |5 Ml R T %1

Thange

io TOL Chord  tn B5% Chord  iPercenil

= 3.0
=
=. 5.0
= 1.1
—_

Flgure |0 Insec impingement Tess Conducted in MASA-Lewis

icimg Tanmel

Table 1, LFC Alreralt Conflperathon Saction
on Upper Wing Surface (o 85-Percent Chord



Flgure 11, Upper SAirfoll Surface Laminarised ta §5-Percent Chord

Flgure 12. Reduciion in DOC Due to LFC Flgare 15 MASA jet Star LFC Test Alrplans




LFC HIGH-SPEED SWEPTWING WIND TUNNEL TEST

The Douglas LFC systemn & to be tested at high Mach
and Reynolds numbers on a 2.1 3-meter (7-loot) chord
sweptwing model, The tests will be made in the NASHA
Langley 2 44-meter (B-foot) pressurzed tunnel at Mach
number up to 0.82 and at Reynolds numbers ranging
from B x 107 1o 40 x 0P,

Perforated suction ghove panels will be installed on
the upper surface in place of previously tested slotted
panels to test their effectiveness for achkeving LFC over
the full chord length.

HYBRID LAMINAR FLOW CONTROL (LFC)

A simpler alternative approach to achieving LFC on
sweptwings is now being investigated. Suction is used in
the keading edge region to counteract attachment line
and crossflow instabilities. and a favorable pressure gra-
dient is used further alt to maintain laminar flow over the
main wing box region,

This system, known as Hybrid LFC (HLFC), is illus

trated in Figure 15, lis advantages are reduced suction
power requirements, simplification of the suction sys-
tem, uncompromised wing structural efficiency and fuel
volume, and reduced initial cost and maintenance
requiremeents

Studies have shown that to test and prove HLFC for
transport aircraft a glove could be added o the upper
surface of @ DC-9 wing to obtaln the desired pressure
distribution. and a suction leading edge with a high-lift
shield could replace the existing leading edge (Figure 16),
With its clean wing unencumbered by engine notse and
nacelle iInterference. the DC-% would be an deal vehicle
for LFC testing,

Current indications are that the use of a reliable and
effective electron beam-perforated suction surface on
the wing protected by a high [t shield may provide the
breakthrough needed to make LFC a practical reality on
transport aircraft. Flight testing with a sufficiently repre-
sentative transport aircraft (such as the DC-9) to prove
the effectiveness of LFC should pave the way to substan-
tial performance and economic benefits in the fulure

Fypare 16, Flight Test Alroralt Hybeid Laminar Flow







Backing transport alrcraft away from the blocks
under their own power dates back approximately 40
years when reversible pitch props made their debut. The
primary function of the powerback procedure was o
augment braking during landing rollouts, While the
operation proved effective enough in its braking func-
tion, it deprived the engines of necessary air for cooling
and achleved only moderate success as an accepted
procedure,

With the advent of turboprop engines, overtemping
wirtually disappeared, bringing about renewed interest in
powerback. mostly in military operations, More recently,
powerback has crept into the wrbojet operation and is

gaining recognition as an effective means of backing
away from the blocks.

in the early "80s, Eastern Airdines initlated power-
back procedures with its transport aircrafi. Eastern’s suc-
cess encouraged Republic Airlines to explore powerback
with its own fleet. Subsequently, Republic Airlines re-
ceived FAA approval to powerback its 727s, DC-9 Series
10, 30, 30, and MD-80s. Now, both operators use power-
back at many of thelr statlons to perform many opera-
tions daily

Advocates say the advantages of powerback lie in
time savings at pushofl. Realistic figures for a powerback
departure show a 2.5minute saving owver the tug or




pushback operation. As time savings accumulate, more

tan be accomplished during peak periods at
multiple operation alrports. An example of the savings
can be seen by multiplying the 2. %-minute savings by a
realistic 200 daily departures, imes 30 days, producinga
dramatic monthly savings in block-to-block time. Advan-
tages in dollar savings come with not paying for standiby
g service.

Powerback is not without drawbacks. Requests for
powerback clearances by resident airlines are approved
by the alrport authonty only after carehul consideration
and survey of specified gates at designated stations
Powerback would be Bmited on remps with excessive
gradients. Other ramps, even though level would be
lirmited if they were covered with ice. dlush, snow. or
ather contaminants. Other restrictions Include excessive
grovund traffic in the immediate area and poor visibility
due to rain and fog Powerback would be restricted in
any area where standard safety practioes would be
impaired.

in the inferest of safety. most operators require a
coordinalor and & wingman® to work with the captain
during a powerback operation. The ground crew wear
accepabie ramp clothing and proteciive eye gogeles 1o
prevent passible njury from swirling particles of ramp
debris (Fligure 11, Ground crews should cautlon other per-
sonnel n the area of the powerback aperation and direct
them away from potentlally harardous areas. (Winds
generated by deploved reversers and spooled up
engines have been recorded up to 14 knots at the wing
tif= and up to 23 knots at the alrcralt’s nose. )

In preparation for a powerback operation, the wing-
man positions himself aft of the lelt wingfip where he can
observe the entire arca around the aircraft (Figure 2)
protecting the alrcrall from traffic hazards and potential
engine domage from foreign objects. The coordinator
poastions himsell forward ol the aircralt’s nose in full view
of the captain [Figure 3

Sermnaphore-like arm signals® * convey ramp condk
tiens between the wingman and coordinator, A thumbs-
up slgnal by the capiain communicates to the coor-
dinator that chearance has been received to powerback:
the oordinator retuins with a silute noting message
understood. For elarity of signals the coordimator and
wingman use luminows, vermillon-colored, elongated
shades over a flashlight lens. For added visual cues at
night, the shades are ightad

Assuming all other criteria are met for a powerback
maneuver, including cockpit configuration, communica-
tions begin with the wingman. From his wingiip position,
hie keeps his arms down by his sides until be s certaln
ramp conditions are sale; IF he should cross the wands
aver his head (Figure 4. he Is advising the alicralt to re
main stitic or stop. Wien the wingman has surveyed the
area and deemed the ramp safe for powerback. he will

* TEles sy wpry DeEtwesn girlines
v Some arm positicmasigrals mary vary between arliees

Figare §.




give the all-clear signal by extending his arms outward
(Figure 5}, These communications are between the wing-
man and coordinator only. The captain will not move the
abreraft until, first. clearance i recefved from ground con-
trol. and second, an all-clesr is signaled by the wingman.

When ground control sdvises the flight crew they are
cleared for powerback, the captain gives a “thumbs up”
iFigure &) to the coordinator who responds with an all-
clear salute (Figure 7). IDepending on lighting conditions
andior visibility. the captain may opt to flash the landing
lghtis) in ey of thumbs up | The alkclear means the area
Is safe 10 begin the powerback maneuver, but it is not a
dlearance to move the aircraft. That clearance will come
only when the coordinator rotates both hands/wands ina
rofling motion in the direction he wishes the aircraft
maved (Figure 8.

Al that point the pilot moves the reverser levers 1o
reverse thrust detent. Appropriate cockplt lights flumi-
nate and the reversers deploy . Next comes brake release
as both pilots place thelr feet flat on the Aoor and leave
them there throughout the reverse roll. The pace of the
coordinator and the rate he rotates the wands tell the
pilot the speed he should back the aircralt. Constant eye
contact between the pilot and coardinator i essentlal. 1t
i also essentinl that ope pilot keep his eyves on the instru-
ments. DC-Y procedures call for a maximum of 1.3 EPR
for powerback (Figure 9. 11 | 3is reached and the aircralt
does pol move, the powerback maneuver should be
discontinued, Once the aircraft is moving, 1.3 EPR may
move the aircraft faster than required. in which case
thrust should be reduced. It may even be possible o
reduce one engine to idle detent and the alrcraft will sill
rodl at a sufficient rate,

There may be times when tires have become flat-
spotted under heavy loads and 1.3 EPR will not move the
alrcraft off the spot in reverse. Some crews have been
successhil In first moving the alrcraft forward, off the spot
a foot or so, then initiating powerback from that point. As
im all cases, anlivw mist be exercized. This s not a unlver-
sal procedure, or a procedure published by Douglis Air-
craft Company of the FAA

If turning the alrcraft Is included In the maneuver, the
coordinator signaks by pointing downward with the wand
that indicates the direction the tall of the aircraht is to go

1

whibe continuing to rotate the other wand. To Increase
the turning rate. the coordinator increases the cycle mo-
tion of the rotating wand.

Stopping the aircraft’s rearward motion requires a
contrasting come jorward signal by the coordinator, He
holds the wands in the same manner as lor backing the
aircraft, but he reverses the rotating motion and moves
slowly backward.

Seelng the signal. the pilot places the reversers in the
forward thrust position. allowing the forward thrust 1o
stop the backward motion. It |s very Important during
this transition for the pilots to keep their feet firmly on the
flocr preventing the use of brakes to arrest the backward
mation. Depending on the load and center of gravity.
brake application here could tip the aircraft back. causing
a tail strike.

It at any time throughout the operation the wingman
sees an impending problem which affects the maneuver,
he signals the coordinator with & quick armsto-side
movement, who signals the captain o stop the aircraft. if
the movement s in reverse, the same stopping pro-
cedure applies as before, If the movement is forward, the
pilot makes sure the throttles are inidle, then may apply
the brake, With the aircraft secured, the captain awaits
the next signal — right turn, el turn, backup, or come for-
ward The capiain responds according to the signal
When the taxi area is clear, the coordinator gives the
imke=over slgnal. and the aircraft is taxied out of the area.

Standard slgnals apply even in unusual gtuations. As
an example — a chock is wedged behind a tire and can-
not be removed by hand — the thumbs-up and allclear
have been given, and the coordinator signals to come
forward, The captaln releases the brakes and responds
with forward thiwst, When the pressure s off the chock,
the coordinator quickly extends his hands to the stop
cignal. When the chock has been removed. the coor-
dinator gives the standard hand'wand rotating signal for
backup. and the captain responds with brake release.
reverse threst, and fest on the floor

Powerback is a proven technigue which has tme s
Ing. economic benelits. If the procedute in the Flight
Crew Operating Manual is fallowed. it can be mutually
besneficial to flight aperations and to maintenance
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Fuselage strakes have been included in the DC-5-50
and MD-80 Family of aircraft 1o improve the directional
stability of these long-nosed Doughss aircraft when flying
in a sideslip at high angles of attack. Nacelle strakes were
added 1o the MD-80 to provide addithonal recovery capas-
biliry in the event of a deep stall,

Flying at high angles of attack and in o sidesip,
transport altcraf develop vortexes at the lower forward
fuselage, These vortexes flow up and alang the fuselage
side passing the vertical tail as pictured in Figure | The
vortex flow can degrade directional stability, and han-
dling qualities are alfected accordingly.

As (lustrated In Figure 2A. when the center of the
vortex transits low on the vertical stabilizer, as with early
short fuselage DC-%s, the resultant side force assists the
vertical stabilizer in counteracting the sideslip. As the
DC-9 fuselage grew longer, the vortex center moved pro-
gressively  higher on the vertical stabilizer |shown
graphically in Figure 2B and Figure 3). The resultant force
fram this higher vortes acts In opposition to the stabiiie-
ing force of the vertical, thereby degrading directional
stability.

With the DC-9-30 development. Douglas installed a
rudder [imiter to prevent the airplane from reaching side-
slip angles where directional stability was affected. To
assure directional stability in the approach configuration,
the limiter confines the rudder to 4+ 17 degrees with the
flaps extended up 10 5 degrees,

Thie rudder limiter was successful on the Series 30
and 40 -9s, but it did not entirely satisly the Series 50
requirements. As the fuselage reached Series 50 length,
the vortex center moved to a helght on the vertical tajl
that the rudder restrictions compromised other handling
cqualities. Thereltore, an alternate method of providing

EFFECT OF FUSELAGE VORTEX ON
CHRECTIONAL STABILITY

adequate directional stability that would assure good
handling qualities on the Series 50 was necessary.

The answer evolved as fuselagemoumled sraks that
were developed and optimized during wind tunnel test-
ing. The testing akso revealed the lower forward portion
of the fuselage as the most favorable location for the
strakes. In that location. strakes generate vorteses that
alter the local flow past the vertical tail, providing good
directional stability over the greatest range of angles of
anack. sideslip, and ap deflection. In addition, wind tun-
nel testing showed the final configuration did ot
degrade longitudinal stability or stall recovery, nor
adversely affect lift and drag. The Series 50 strake design
proved suitable for the longer MD-B0 and was carried
ovier without modification.

MD-80 savelle strakes enhance stall recovery at angles
of attack above the normal stall region. When the
horizontal tail enters the wing wake in these “higher
than-normal’ regions. T-talled airplanes may encounter
deep-stall conditions where stall recovery by conven-
tional means becomes difficult.

Preliminary designs ol the MD-80 exhibited accept-
able recovery charscierstics with flags up but marginal
Iy soeme flaps-down conflgurations. Wind tunnel data sug-
gests several options, including an increased horizontal
span, use of spoller deployment. or additional fuselage,
or nacelle strakes. The nacelle strake design chosen for
production iImproves the flow across the horizontal tail
where it Increases stabilizer and elevator effectiveniess
iat very high angles of attack) sufficient to provide nose-
down pitching moment for stall recovery. Thirty-eight
nacelle strake configurations were evaluated before the
final design was chosen.

With the addition of fuselage and nacelle strakes, the

exceptional handling qualities of the long-nosed DC-9s
have been retained on the MD-80s without the necessity

of a stability augmentation system.




Muore than a decade agd, DC-10 operatiors initkated a
reduced thrust plan as 4 means 1o reduce engine wear
during tmkeofis. Since ther, the combined effors of
operators and manufacturers have contrbuated toward
efiective development and acceptance af reduced thrust
as an operational procedure. Within 'this |{eyear time
frame. monitoring Indicates & maintenancoe cost savings
of approximately five percent for each one peroent thrust
reduction. The relationship of five 1o one is valid in the
region of fulbrated thrust: however, this relationship
décreases with increased thrsst reduction.

A review of present operational methods, safety, and
realized operationa] benefits seems tmely in view of the
fact this subject was last discussed in [ Flrald Approach
Moo 24, September 1975,

Two primary methods are employed today by DC- 10
operators, They are the variable reduction  [assumesd
temperaiutel method and fived reduction — baséd on
either percentage of rhres) o temperature Increment

REDUCED THRUST FOR

Bath methods are hased on the varlation of thrust with
temperature for any glven altitude.

Mot of today 's commercial jet engines are fatrated
for constant thrsst to a gven temperature breakpoint
The thrust then decreases until the maximum cerified
remperature for the given pressure altitude s reached
iFigure 1,

Since arplane perdformance & directly proportional
toy thrust, and aircraft certification s hased on the thrust
characteristics of a particular conflguration. It becomes
evident (Figure |1 how it is possible to take advantage of
DC- 10 excess performance

Excess performance ks avallable whenever the take-
off temperature capability exceeds the breakpoint and
actual ambient temperature ishaded area in Figure 1)
When this condition exists; it Is possible. o perform a
reduced thrist takeotf. Assumed temperature method
the most comimonly used, takes advantage of any
available excess performance, whereas the fined method
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can only be used when a specified or greater excess per-
formance Is avallable.

It is understandable why some crews are reluctant to
wse reduced thrust since they believe that this procedure
uses the entire runway available; however, this in fact is
not true. Just the opposite is true as is evident in Tables |
and 3

Airplane performance Is at a limiting condition anly
when the assumed temperature equals the actual ambi-
ent temperature, In terms of takeoff ficldHength perform-
ance, i reduced thrust takeolf has inherent protection as
ghown i Table 1. This protection is directly proporional
io the difference between the assumed and actual ambi-
ent iemperature,

The unaccounted for excess fleld length when using
reduced thrust for takeaf is the result of operating under
the actual ambient, mf the assumed, temperature condi-
tiens. Table |. The temperature difference betwesn as-
surned and actual has a significant effect on field length
performance due to the resulting lower than assumed
true airspesd during the takeoff. This true airspesd dif-
ference does nol significantly affect climbout perform-
ance [Table 1) The inherent field length perdformance
salety margin is directly proportional to the percentage
of takeolf thrust reduction snd exists in all properly exe
cuted reduced thrust takeafls,

Since the early days of reduced thrust takeolfs,
Improvements to procedures and equipment  have
simplified implementation. Prior 1o discussing the imple
mentation. however, It is pertinent o review applicoble
DC= 1 0 criteria,

DC-10 operators must establish & periodic chedk on
the availability of fulkrated takeoff thrust to assure that
deteriorated engines are not being used, This check can
be acoomplished at bess than full takeoft thrust by using
specified maintenance manual procedures that will pre-
vent unnecessary engine wear, The flight director mode
should not be used for reduced thrust takeoff when the
airplane gross weight is less than W, - a weight at which
the airplane performance initially beoomes minimum
control speed limited. In addition, reduced thrust
takeaffs are nat permitted from runways that are con-

OC-10 with CFe-30 Engines

TeEmpefature
Actual [t 3 | OnF
Amurreed [T F |G E
FAR Field Lergth 0 Te0nh U, TE0 R
»  Diwiance 1o ¥ lest EESO R L XS]
Engine Fail @ 'H'II
& [Deliree b0 35 ool G035 N 0 TED R

(Al Englnest = 1,15

#  Climb Gradlent
Cemar L Oine Eng Inome.
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taminated with water, lce, slush or snow; and the ant-
skid and slat functions of takeoff waming must be
operative.

Takeoff speeds for reduced thrust takeoifs jcxcept
Vel must be increased to the assumed temperature,
assuring ¥, at 35 feet above the takeol surface in the
event of an engine failure at V. FAA requires V.- be
determined for the actual ambient temperature, assuring
directional control will not be compromised in the event
the pilot elects o increase thrust 1o maximum allowable
during takeoff.

Crew members often guestion the procedure of
determining takeolf speeds at the assumed [emperalure
since the procedure results in higher takealf speeds with
less than full takeoff thrust. The Increase in v, is required
1o malntaln the balanced fielddength concept with less
than full-rated thrust. The increased ¥ Is necessary (o
achieve V, at 15 feet if an engine fails at vV, with less than
full-rated thrust, as depicted by Figure 2.

The FAA criteria for runway surface condition have
been recently changed to prohibit reduced thrust opera-
tion from a contaminated runway. Most operators. and
Douglas, use reduced thrust from dry runways only, Con-
sider, for instance. a situation where a reduced thrust
takeoll s planned and, a5 the airplane inftates taxi for
takeoll, it begins to rain. The first problem the crew
encounters is to define the renway surface condition: it
metely wel or 5 it contaminaied?

A wel runway B neither dry nor contaminated. A
contaminated rurway has standing water, slush, snow,
or ice on (s surface, and a wet runway surface exhibii-
ing a mirror-like surface should be considered contami-
nated.

Baslc FAA Takeol | Fledd Longth Reguirements
All Efgings % 7
Hrake B L
DRSS _z ?,,-iftm
- = P
o AlLngres Operating ——— el 1%
ICentinued|
Engine Fail
Thrake Rekease vy Saop
L L r
o matin =
b Acreleration ———sje——— Sl ————|
(Rejected)
Arake Release v Vg [ 1"
F B i e
b Acceleration — Ll Contimee —]  1T%
JCoeniraaed)

Tabds |.
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Takeoff performance misl be totally recomputed
pricr to departure from a contaminated runway, For the
wet runway condition., hull takeoHf thrust is recommended
and may be used with takeolf speeds comrected for the
planned reduced thrust takeolf. Table 2 compares re-
sulting performance of various conditions based on the
following given data:

DC-10-30 with CF&-50C2 Engines

Gross Weight: 500,000 b
Avallable Rumway: 10,300 fi
Pressune Altitude Sea Level

Amblent Conditions; Standard

- 18- 38 Takeolf Distance Comparison

Takeall | Approcimate Temperalurn ol
Distance | Proteciion
Condition iFeeti iPercemt] | Amblent | Assumed | Basis
A 143, 30000 a o] -
B 9.300 10 ol 120 ———
C LRl & L e —— (ol
o TR0 bk | i) -

Condition A: the assumed and ambient temperatures
are equal at 120°F,

Condition B: same conditions except the ambient
temperature is 60°F, which is less than the performance
limiting termperature. allowing reduced thrust to be used,
This results in an actual takeoff distance of 9,220 feet or
approximately |0-percent protection in field length.

Condition C: it begins to rain and the crew elects (o
increase thrust to full takeoff but uses the takeoff speeds
corrected to the assumed temperature, The thrust
increase by itself improves the performance protection
an additional & percent over condition B or 16 percent
better than the performance-limited condition A

The final condition D; Rl thiest 18 used and the
epeeds are recalculated for the actual temperature of
B07F, resulting in a 2 3-percent improvernent over com-
dition & Condition D is the base condition: the redisced
thrust cases diminish the safety margin from this point.

FAA regulations require V.. be determined for full
takeoff thrust as protection in the event of a Vi, - limited
reduced thrust takeolf and where the pilot elects full
takeaf! thrust, The abowve rule prohibits use of the Right
director takeolf mode in combination with reduced
thrust at gross weights of Wy, or less. If the FAA had m
required that W, be determined at the actual

temperature, the flight director takeoll mode could be
used for ail takeoffs provided SB 12-107 is incorporated.




To review the takeofi speeds, the following graphic
an:[mal:l'ﬂ!mﬂl!tmlilﬂﬂnﬂtlpi mllh{'pﬂlﬂ.m-mvh‘:n
affects filght director climbout speed programming
Flight directors incorporating Service Bulletin 22-107
command V, + |0 KIAS for all engines, V, for englne
fallure at or below V.. existing speed for engine fallure
between Vs and 1""!' + |0 KIAS, and 'lul'z + 10 KIAS for
engine failure above V, + 10 KIAS.

Flight directors not incorporating Service Bulletin
22-107 should not be used in the takeoff mode, They pro-
gram ¥, + 10 KIAS for all engines and V, for engine
inoperative.

Flgure 3.

Basically, takecH V speeds are directly proporticnal
o takeoff gross weight untll limited by minimum speeds
{Figure 3},

¥y syn 15 Indirectly a function of V.- at the W,
gross welght or bess, Minlmum takeoff safety speed |5
determined as follows:

DC-10-30
MINIMUM CLIMBOUT SPEED

W

vk = Yemin * V3 aasc = Vo aasic! where

Va=Viand V| = V-

Thurs:

|"'r:l L L

= Vice * IV masic ~ Y maac!

Thus, in the case of reduced thrust W, limited
takeoff, the takeolf pitch guidance would command too
show @V gy SINCE Vo s derived by the flight director
system from the measured linear acoeleration iat existing
reduced thrusti. The flight director-determined V..
when substituted In the above equation directly affects
L

2 M-
The following abternate flight director procedure may
be used for all takeoffs in place of the wheoff mode for

FL1

DC-10s with flight director not incorporating SB 22-107
and for reduced takeoff at gross weight less than W,

Prior to brake release, arm heading select
and select vertical speed of approximately
2 0040 feet per minute, which will bias the
pitch command bar for climbc

Veertical
N, ALT s g.:.;r o )spu-u
Flightt Maode Annunclator m
FPM
*Operators with ATS authorized for

takeoff . . . no ATS lor takeaff blank,

After the airplane = airborne and the

required takeoff safety speed is attained,
select |AS HOLD:,

o
HIDG

ALT HOLD

Flight Mode Annancator

*Orperators with ATS authorized for
takeotf . . . no ATS for takeoff blank.

Airport analysis further reduces the crew workload
and chance of error by providing the necessary infor-
mation in a simplified condensed format as shown in
Table 3.

Implementing reduced thrust takeoff effectively into
everyday DC-10 operation has besn significantly simpl-
fied by the takealf fex mode (T.0. FLEX) on the thrust
rating computer (TRCL. The T.0, FLEX mode allows the
operator 1o presefect the calculaied assumed tempers-
ture: the TRC will automatically display the reduced N,
takeoff value s a function of the actual votal air
temperature (TAT) and the preselected assumed temper-
ature when the T.O, FLEX mode is selected. The T.0.
FLEX mode allows use of autothrottles for reduced thrust
takeoffs since the TRC and N limit indices (autothrottle
targetsi are automatically positioned to the reduced
thrust value, thus requiring no change between auto and
manual modes during flight.

The avallability of computerized airport analysis data
also greatly simplifies the flight crew procedure o
calculate assumed temperature. The use of computer-
ized airport data provides a direct reading of assurmed
temperature for actual takeolf weight and airport condi-
ticns. Alrport analysis data are available in several for-
mats for both fived flap and optimum flap operation.

Some operators use a fived percentage deration and
usually implement it by using & temperature increment
from the actual performance limited temperature. Any
fixed takeoH thrust reduction method s not as effective.
sinoe it cannot be used as often. Since many takeoffs fall
between full-rated and the fixed reduction. a fulkrated
takeoff would have to be performed. With the variable
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The
straight scoop

The F||_|_:|'|I: ramp &t the Douglas Alrcralt Company in
Long Beach |s an avwesome sight for the atrplane buff, Shiny
e bwinebets and ripets freghly painted in airline colors
aswait |:|--|,-|i1.u_-'|":I to the carriers af the world. At any time. an
American Aidines MD-80 may sit flashing silver in the sun
mext o a deeply purple-shaded Federal Express DC-10
Planes destined for Alitalia, Finnair, TWA, and dosens of
pther carrers create a color spectrum thal rivads any
painier § paletie

To this rainbow of colorful alrcraft on the Dowglas light
ramp &n anomaly has recently come. A Douglas plane, yes
and certainly new looking, but in stend of |ets 1t is FJrIHJt'”L"r'
driven, the wings anre not swept, and no empennags like that
has come off an assembly line in 30 years

But today there is 8 new — or al |east like-new
Dougias DC-2 walting on the ramp. 115 exisience owes m isch

FERINTED N WS A, 4/88 md-1 508

tor the devatlon of many Douglas employess and retirees
wito have spent Two years recreating the past by restoring
thee alrcralt to the cosclitlon by wkRsch it first Taw inthe | 930s

This ship, now christenad the Donald W. Douglas. first
rolled down the runway In 1935 as No. 7T of the | 56 D=2
bull. i began lts caresr with Pan Amercan World Alrways
and was later transferred 1o s Mexican affiliate. Mexicana
in October 1937, Three years later # became part of the
Aviatera of Cuatamala fleet. ARer 17 years In Central
America Mo, 77 nest flew in Montana for the johnson Flying
Service which used U [or aerlal spraying mrdd to CATrTY fire
JurmpeErs, Cargo and the occasional passenger. In 1973, the
plane was trachs] 1o Stan Burnststn as |:IM1‘|:1| paymeEnt fioira
DiC-B. The h_l;||1wi1'.ﬁ vear. Mr, Burnstein donated the RC-2
to the Donald Douglas Mussim and Library in Santa
Monica. Califorla

The Douglaz Alreraft Company Managemeant Club
arranged 10 bring Mo, 77 to the Long Beach plant for
restacation in 1982, Since then. members of & nesly for med
Dogglas Historcal Foundation have devated thousands ol
hiowrs — o labar of love = |Into restoring this DC-1. Mow, on
the 5th anniversary of the DC-2. Mo, 77, one ol only seven
remalning DC-25 in the world, is ready to iy again
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