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PREFACE

- This interim report documents the first phase of the flight simula-

- 
tion study conducted as a part of Task 2 of the All-Weather Landing Sys-

• tems Engineering Support contract (DOT FA75WA-3650). The study was
- carried out under the technical direction of Mr. W. 3. Cox, FAA ARD-743.

The DC-lO simulation facility used for this phase of the investiga-

tion was leased from the Douglas A ircraft Company at Long Beach, Cal i-
fornia . Data collection was carried out from 19 April to 14 May 1976.

Douglas also provided technical services in the development of the simu-

lat ion computer programs and in the conduct of the data collection activi-

ties under the direction of Mr. Warren A. Stephens . The contributions
of Mr. Stephens, Mr. Art Torosian, and Mr. John D. McDonnell warrant - -

- special mention and are sincerely appreciated.

The impor tant contribut ions of the airline and FAA pilots who par-

ticipated in this study also warran t special mention and are hereby

acknowledged. Their cooperation and commitment to the goals of this

project were remarkable in view of the difficulty of their task as evalu-

F a tors , the demands on their time, and the midnight-to-dawn scheduling of
simulator sessions.
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I INTRODUCTION

The simulation study documented in this report is the first phase

of an investigation of the need for improved cockpit a ids and proced ures

to assure the safe conduc t of terminal area opera tions under adv erse

environmental conditions. A t the direction of FAA , this initial study

was concerned with potential aircraft operating problems in the presence

of low-leve l wind shear, and emphas is was  p laced on the timely idt~ntifica-

tion of promising concepts and techniques for aiding pilots in antfcipat—

ing and coping with the effects of a shear encounter.

W ind shear is generally chara cterized as a change in w ind spe ed

and/or direction occurring over a very short distance in the atmosphere.

An encounter with complex and rapidly changing wind conditions close to

the ground can represent a significant hazard to low-level flight opera-

tions, as indicated by the following excerpt from a recent aircraft

accident report (Ref. 1):

“The captain of Flyi ng Tiger 161 stated that during his ap-
p roach.. .he experienced severe change s of wind direction .
turbulence , and down drafts between the OM and the airport.
He observed airspeed fluctuations of 15 to 30 kn and at 300
feet he had to app ly almost maximum thrust to arrest his
descent and to strive to maintain 140 kn on his inertial
naviga tion system groundspeed indicator. The aircraft began
to drif t rapidly to the left , and he eventually had to app ly
25° to 300 of heading correction to overcome the ‘Irift. He
believed that the conditions were so severe tha t he would
not have been able to abandon the approach after he had
app lied near maximum thrust, and therefore he landed.”

Abou t eight minutes after this incident occurred , another captain

initiated an approach to the same runway, under similar and perhaps more

severe wind-shear conditions , and the a ircraf t c ra shed into the approach

ligh ts. One of the findings of the investigation of this accident was

tha t the flight crew ’s apparen t failure to recognize and correc t the

aircraft ’s high de scent rate at the low end of the approach was probabl

yI
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due to their reliance on degraded ext&’rna l visual reference rather than

on flight instruments. This accident report noted , however , that in

this ins tance “ . . .adverse wind s might have been too severe for a success-

ful approach and landing even had they relied upon and responded rapidl y

to the indications of the flight i n s t r u m e n t s . ”

The foregoing comments  i n d i c a t e  the potential severity of the opera-

tiona l hazard represented by the low-level wind-shear encounter and serve

to highlight the centra l concern of the present study. That concern is

focused on the flight crew ’s ab ility to mana ge termina l area operations

in the presence of shear—-i.e. , their ability to make timely decisions

regard ing the continuation of an approach or takeoff flight sequence and

their ability to app ly effective corrective action when unacceptable

• instabilities in flight-path contro l occur. The investigation is centered

on the adequacy of information available to the pilot in command , from

either his flight instruments or externa l visual reference , for antici-

pating the shear encounter , assessing adverse effects on airspeed manage-

ment and flight-path control , and successfully coping with these effects

during the shear encounter.

A. Phase 1 Objectives

In this phase of the investigation , SRI was tasked to develop and

implement a piloted flight simulator evaluation of a set of airborne sys-

tems and techniques designated by FAA as potentiall y effective aids to

p ilots for detecting and coping with low-level wind shear. Guideline s

prov ided by FAA for the conduct of Phase 1 stressed the urgency of carry-

ing out a comprehensive survey of potential pilot aiding concepts tha t

would include both near-term , readil y imp lemented systems and techniques,

and some systems requiring considerable engineering development . The

principal intent of Phase I testit ig was to provide an early determination

of the potential operationa l effectiveness of the candidate systems and

techniques that could be used to guide subsequent in-depth stud y and de-

velopmen t of the most promising aiding concepts.

2 

-- - - —— ~~~~~~~~~~~~~~~~~~~~~~~~~ -- •~~~~~--~~~~~~~~ --.~~~~~--—- -- - --— .~~~~-



-

Accord ing ly ,  Pha se 1 da ta c o l le c t i o n  a c t i v it i e s  were  d i r e c t e d  toward

three specific objectives:

(1) Determine pilot and aircraft responses to low-level wind
shear under baseLine conditions--i.e. , while conducting
precision ILS approach and landing operations in a jet
transpo rt airp lane that is representative of those in
current airline use , w ith flig ht crews following estab—
lished norma l operating procedure , and in situations where
no alerting information is available to the crew prior to
the w ind-shear encounter.

(2) Explore d ifferences in pilot and aircraft response to
shear under alternative aircraft guidance , control mode .
and environmental conditions , to include:
(a) A conventiona l non-precision approach using Visual

Approach Slope Indicator (VASI) for vertical flight-
path guidance .

(b) A non-precision approach incorporating a DME-defined
visual descent point (VDP) for initiating the close-in
fina l approach segment.

(c) A coup led approach to Category II weather minimums.

(d) A takeoff and departure climb-ou t using both full
thrust and reduced-thrust procedures.

(3) Conduct screening evaluations ut eight candidate p i lo t
aiding concep ts , to include:

(a) Wind-shear advisories to the pilot , based on ground ¶

sensor system data , indicating the expected direction
and severity of shear conditions at designated alti-
tudes or segments of the approach.

(b) A modified approach management techni que stressing
the use of off-nomina l flight situation indications
and prov iding a disp lay of ground speed versus verti-
cal speed for the 3 gLide path.

(c) The availability of INS wind speed and direction
readouts during Lhe approach .

(d) A panel disp lay of ground speed integrated with the
conventiona l airspeed indicator.

(e) A p~i nel disp lay of the  d i f f e r e n c e  be tween the  a l o n g —
t rack  wind component  on the  s u r f a c e  and a t  the a i r -
c r a f t ’ s p r e sen t  a l t i t u d e .

( f )  A pane l  d i sp lay V’f f l i g h t - p a t h  a n g l e  and p o t e n t i a l
f l i g h t - p a t h  ang le .

(g) A h e a d - u p  d i sp lay  of f l i g h t - p a t h  ang le and potential
f i  i g h t — p a t h  an g l e .

(h)  A h e a d — u p  11 ig h t — p a  Lb an g l e  d i sp lay  i n c o r p o r a t i n g  the
w i n d  d i  f f e r c i i c ~’ i n d i c at o r  ( I t e m  3— c ahovt’)

3
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B. O v e r v i e w  of the  E v a l u a t i o n  P l a n

Phase  I t e s t i n g  was  .onductcd at the Doug las  A i r c r a f t  Company F l i g h t

Crew Training Center in Long Beach , using the DC-lU training simulator.

This facility is an FAA-certified DC-lO operational. training device p ro-

v iding a full complement of controls and instruments for all flig ht crew

member positions and representing all flig ht guidance and control modes

available on the aircraft in service use. The simulator is equipped with

a six-degree-of-freedom motion system and is coup led with a Vital III

computer generated imaging system for representing the externa l visua l

scene . A more detailed description of the facility and of the modifica-

tions required to represent the candidate pilot aiding concepts is pre-

sented in Section III .

The basic evaluation p lan called for eight highl y experienced pilo ts

to fly the simulated operational flig ht sequences , first under baseline

conditions and then using each of the candidate aiding concepts. Four

different wind pr of iles were app lied to represent the demand s imposed on

the pilot by the low-level shear situation. Wind conditions represented

in the simulation were defined by NASA MSFC under a separate contract to

FAA , and the ir derivation is described in Ref. 2. Detailed plots of

wind sp eeds , direction , and turbulence levels used in the simulation are

presented in Section II.

Data colLection procedures were designed to provide two kind s of

measures of the relative effectiveness of the aiding concepts:

(1) Pilot evaluations of the operationa l utility and limita-
tions of each concept.

(2)  O b j e c t i v e  m e a s u r e s  of a i r c r a f t  response to shear , based
on f l i g ht  s i t u a t i o n  p a r a m e t e r s  r e f l e c t i n g  a p p r o a c h  s t a —
b i l i t y  and ou t comes .

Assessments  ci p i l o t  a c c e p t an c e  and work load  were  a l so  a p a r t  of

the e v a l u a t i o n  p lan and were used to exp lore a d d i t i o n a l f a c t o r s  t h a t  may

a f f e c t  the f u l l  u t i l i z a t i o n  of  t he  a i d i n g  concep t s  in the o p e r a t i o n a l

s i t u a t i o n .  These  a s s e s s m e n t s  were  based on p i l o t  responses  to s t r u c t u re d

d e b r i e f i n g  i n t e r v i e w s  conduc ted  a f t e r  each s i m ul a t o r  sess ion and as each



pilot comp leted the overall run schedule . Datu collection procedures

are descr ibed  in S e c t io n  I I I .

Stud y r e s u l t s  are  p r e s e n t e d  and discussed in Section IV. The report

is concl uded , in Section V , with an outline of the conclusions and recorn-

mendations.

5
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II DESCRIPTION OF THE TEST CONDITIONS

A. Basic Aircraft and Environmental Simulation

The DC-lO Training Simulator leased from the Douglas A ircraft Company

provided all of the basic simulation capabilities required for Phase 1

test ing, and was modified , as subsequentl y exp lained , to incorporate wind

shear and t u rbu l ence  models and the t es t  d i s p l a y s  used for  the pilot aid-

ing concep ts .  The DC -j O  s i m u l a t o r  i s  an FAA certified flight crew train-

ing facility t h a t  has  been used fo r  a i r l i n e  i n i t i a l  and recurre-~t. tra ining

since 1971. I t  has  a comp le t e  t h r e e - s t a t i o n  crew compar tment , and the

fl ight controls , f l ight guidance system , flight instruments , navigation

and communications equipment , and aircraft subsystems conform in all re-

spects to the DC-b -b series aircraft. Flight contro l modes in the simu-

lator included all o[ the ma nual , autop ilot , and a u t o t h r o t t l e  modes found

on the aircraft in service use.

Simulator response characteristics , handling qualities , and perfor-

mance were based on the aerod ynamic model for the UC-lO-lO , with a

350 ,000-lb gross weight represented for the approach and landing sequences ,

and a 400 ,000-Lb gross weight on the takeoff runs. The simulator is

mounted on a six-degree-of-freedom motion ba se and is coup led with the

Vital III visual system.

Vital III is a computer-generated imaging system using colored light

points to depict airport and surrounding city features. Shaded surfaces

ire also generated to represent ru nway texture , mark ings , numeraLs , hori-

zon gLow , and other features. The runway environment dep icted for Phase I

testing was an approach over the cit y to runway 24 right and 25 left at

Los Angeles Internationa l Airport (LAX) . The system could be set up for

an approach to either runway end , on a selective basis , provided a simu-

lat ion of the VASI lights , a “Bla ck. Hole” effect achieved by deleting

foreground lights , and v i s i b i l i ty  conditions r a n g i n g  from clear down to

a runway v sua 1 r.~nge (RVR) ci I ~OO f e e t .

6 
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B. Wind-Shear and Turbulence Conditions

The faur wind-shear profiles used in the simulation were supp lied

by FAA for the Phase 1 tests. They represent low-level wind shears that

mig h t be prod uced by four basic meteorological conditions:

(1) Wind conditions in a hig hl y mixed  a tmosp h e r i c  boundary
layer wherein temp erature stratification is consistent
with adiabatic distribution (9.8°/km).

(2) The condition of low-level temoerature inversion over-
laid by fairly strong winds immediately above the in-
version.

(3) Fast-moving frontal zones producing significant turning
of the wind vector with altitude.

(4) Thunderstorm cold air outflow producing abrupt change s
in both horizontal and vertical wind velocities.

For convenience , the shear profiles associated with each of these

conditions will hereafter be referred to as the “neutral” prof ile (or
shear profile 1). the “inversion” profile (or shear profile 2), the

“fron tal” prof ile (or shear profile 3), and the “thunderstorm” pro f ile

(or shear profile 4), respectivel y . In the simulation these shear pro-

f iles were defined by tabulated va lues of the along-track , cross- track,

and vertical velocity components for various altitude levels from the

surface up to 1500 feet. The tables were stored in the simulation corn-

p u t e r  as n o r t h- s o u t h  and ea s t -wes t  components  so as to give the requi red

a long- t rack and c ross - t rack  va lues  fo r  the approach  to runways 24R and

25L at LAX . Wind  velocity components in the tables were transformed

into the aircraft axis system where they were summed with turbulence

values , and the results were app lied to the calculation of aircraft ang le

of at tack , side sl ip ang le , and longitudinal velocity.

The w ind p r o f i l es supp l ied for Phase I testing were defined as a

function only of altitude above ground level. No variations in these

profiles were included as a function of h o r i z o n t a l  p o s i t i o n  a long  the

approach path. Thus , no change in wind direction or velocities would

occur if the aircraft flew at a constant altitude.

Tabulated values of the along-track wind component versus altitude

for the oeut ra I shear pro I ile ;~r~ p lot Lcd in F’i go re I . This prof i Le was

7 
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FIGUR E 1 NEUTRAL W IND-SHEAR PROFILE

app lied with no variatior~ of wind direction with altitude . Figure 2 is

a similar p lot for the inversion profile , which was also app lied wi th no

cross— track component . Along—t rack and cross—track components defining

the frontal shear prof ile are plotted in Figure 3. The thunderstorm

prof ile was the only shear condition with a significant vertical com-

ponent ; all three components of this profile are p lotted in Figure 4 .
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FIGURE 3 FRONTAL WIND-SHEAR PROFILE

To enhance the realism of the  s imu la t ed  w i n d — s h e a r  c o n d i t i o n s ,

tu rbu lence  was added to P r o f i l e s  1, 2 , and 4 ( t u r b u l e n c e  l eve l s  associ-

a t ed  w i t h  the f r o n t a l  shear  we re considered negligible). The value s used

in the simulation are listed in Table  I fo r  each of the shear profiles.

Table entries are the turbulence levels , in kno ts , for  each componen t of

the designated wind—shear profile , expre sed as standard deviations (o).

Turbulence was represen ted in the simulator using a random numbe r genera-

tor with conversion to a Gaussian distribution using a table look—up .

9
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Tab le  I

VALUES OF TURBULENCE REPRESENTED IN THE

SU~1ULATED WIND-SHEAR PROFILES

Altitude Altitude Altitude Altitude Altitude
Shea r Profile 32 ft 100 ft 200 ft 400 ft 600 ft

1: Neutra l

a 7. 68 5.55 4.54 3.71 3.30
U

a 6.14 4.73 4.03 3.43 3.12
v

a 3.98 3.47 3.19 2.92 2.79
w

2: Inversion

a 0.88 1.63 3.61 0.50 0.25
u

a 0.88 1.63 3.61 0.50 0.25
v

a 0,10 0.15 0.25 0 .09 0.06
w

4: Thunderstorm

a 3.50 4.05 4.43 4.85 5.11
u

2.80 3.46 3 .95 4.50 4.86
V

2.53 3.53 4.35 5.36 6.05
w

= Standard deviation of longitudina l velocity .

a Latera l velocity.

= Vertical velocity .
w

The Gaussian output was passed through a first-order lag with a filter

time constant of 0.5 second on all three axes.

C. Representation of Pilot Aidin g Concepts

The eight pilot aiding concepts adopted f o r  screening evaluation in

the Phase 1 test exercise wer e  construed as alternative ways eithe r of

alerting the flight crew to an imminent exposure to significant shear ,

or of more directl y indicating the effects of the shear on the airp l an e ‘

during the shear encounter. It is important to note tha t none of the

candidate a i d i n g  c o n c e p t s  w e r e  I n t r n d e d  to  rep I ace cx i si lug cockp it

11 
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f l i g h t  i n s t r u m e n t s ;  t h e y  were  v i ewed  as  a l t e r n a t i v e  ways of augment ing

existing instruments that would continue to be available to the crew .

For purposes of Phase 1 testing, these concepts were defined in terms of

the new or different information available to the pilot (i.e. , not cur-

rentl y available from existing cockp it instruments) , the disp lay mode

adopted for the  s i m u l a t o r  t e s t s , and the  procedures to be used by evalu-

ation p ilots. Brief descri ptions of the manner in which each aiding

concept  was represented in the  simulator follow .

1. Wind-Shear Advisories

The content , forma t , and language used in the wind-shear ad-

visories were developed by FAA . These advisory formats were preliminary

and were developed only for purposes of Phase 1 testing . The general

intent was to provide a brief descr iption of the wind changes expec ted

at various points in the approach , as illustrated by the following mes-

sage for the frontal shear condition:

“30 kno t tailwind at 1500 feet shifting to 13 knot head-
w ind at 250 feet. Expec t  a b r u p t  26 knot positive shear
between 450 and 250 feet , followed by 10 knot decreasing
headwind to surface. 25 kno t left crosswind at 400 feet ,
diminishing at touchdown. ”

Shear advisors ’ messages for the scheduled wind condition were

present ed to the evaluation pilot on a 3-by—5- irich card at the beginning

of the approach and he was allowed as much time as he needed to read and

assimilate the information. Pilots were briefed to report their initial

go/no-go decision regarding the continuation of the approach and then to

continue in either ca~.e so tha t the approach outcome could be documented.

Subsequent approach manageinea t decisions or changes in coOt m l  techni que

were carried Out at the pilot ’ s discretion.

2. VSI Ground Speed Placard

The i n ten t  of t h i s  a i d i n g  concep t  w a s  to provide the p i l o t  w i t h

a s imple and inexpensive readout of ground speed , using an available cock-

p i t  i n s t r u m e n t , and therehv permit him to m o n i t o r  the  a l o n g - t r a c k  wind

12
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component  t h r o u g h o u t  t he  a p p r o a c h .  The d i s p lay  c o n s i s t e d  of a p l a c a r d

a t t at ~~ed to t h e  V e r t i c a l  Speed I n d i c a t o r  ( V S I )  as  shown in F i g u r e  5.

The s c a l i n g  of t h e  g round  speed p l a c a r d  and i t s  a l i g n m e n t  w i t h  the  VSI

scale  prod uced a nomog rap h relating vertical speed to ground speed for

a nomina l 3-degree glide slope. As long as the pilot was able to main-

tam th is gl ide path ang le , he could use the VSI needle for a direct

reading of ground speed that was independent of indicated airspeed.

Pilots were briefed to fly the approach using the primary in-

struments for flight-path control and attemp t to detect the shear by

monitoring and interpreting the VSI p lacard . The techni que of combi n ing

ground speed with indicated airspeed to estimate the along-track wind

component was exp lained. However , no approach management or flight-pat h

control techniques for coping with shear based on the use of ground

speed were suggested or prescribed for use during the evaluation run

series.

3. INS Wind Readout

This aiding concept is simp ly the conventiona l wind speed and

direction readout available on aircraft equipped with inertial naviga-

Lion systems (INS). For purposes of Phase 1 testing, it was assumed

that current limitations on the availability of INS wind computations

at low indicated airspeeds could be e l i m i n a t e d  by sy s t e m  des ign  re f ine-

ments and tha t the wind readout would be available throughout the ap-

proach. The test disp lay used for the simulation was a six-character

numeric readout located on the center pedestal , forward of the throttles ,

as shown in Figu re  6. A c o m p u t a t i o n a l lag t i m e  of 5 seconds  was  used

f o r  t he  s i m u l a t e d  w i n d  d a t a  readout .

P i l o t s  w e r e  b r i e ~ ed to i n c l u d e  t h i s  r e a d ou t  in t h e i r  scan  and

to attemp t to estimate c u r r e n t  w i n d  e f f e c t s  b y c o m b i n i n g  INS w i n d s  w i t h

t h  l a t e s t  r epo r t  of s u r f a c e  w i n d  c o n d i t i o n s .  They were  reminded  of the

w i n d  d i r e c t i o n  r e ad o u t  in  t r u e  r a t h e r  t h a n  m a g n e t i c  h e a d i n g ,  and  of t h e

5—second lag t ime . Again , no specific techni ques for using this informa-

tion for shear detection or modification of approach contro l techni que

were prescribed.

13 —

V . 
• 

~~~~~~ 
_ _ _ _ _  

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _

~~~~~~~~~~~~~~~~ ~~ -~.-- — -—-- ..



_ •~~~~~~~~~~~~ V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
•~~ _~~~~•V V V~__fl ~~~~~__ 

~~~~~~~~~~~~~~~~~~~~ 
-

( - - -~~) 0 ’ -- -
- 

~~~~~ 
- 

~~~~~~ ~~~~~~~~~~~~~~~ ~~~

;~~~~~~. • -- .L~

/2 /

/

LOFF1 ‘Y
VERT

— 0  Jo SPEED
— 1000 FPM

DOWN 6~~
4 \ ~~

~ 
80 ,A~ 2\

140”

200 GROUND
SPEED
(kls)

SA-4364-38

FIGURE 5 TEST DISPLAY OF TH E VSI GROUND SPC[D PLACARD

14

----- — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -— --~~~ 

-
, -— .—~~~~~~~~~~~~ -- V—-V -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



.-. —fi---- - --
~~~~ 

--- .‘---— - - -.-- -_ .- --- - .--- - - - - - — - - -  --V . - —  — - —V. 
~

VV
~

V VV
~~ 
—- --

~~~~
-V

~/ ‘ I
/ ~o I~

-
~ - ,

/ 2$ ‘ -

/ 0 .~~~~ H
- - HP - —

- , .  -
~ i

_
~ i

P EDESTAL

DIRECTION WIND

I 7 / ‘~) 2, KTS

\ _ i / L..... ‘...,.)

I I ’
SA-4364—37

F I GU R E  6 TEST DISPLAY OF INS WI ND SPEED AND D I R E C T I O N  READ OUT

15

- - - --- - 
~~—--~~~~ - --S— .. - - -__________



______________________ - - 
- . . .  

~~~~~~~~~~~~~~~~~~~~~~~~~~

4. Ground Speed D isp lay

In this concept , ground speed information is presented in close 
-

association with indicated airspeed to facilitate pilot monitoring of

the along—track wind component . Ground speed was disp layed using the

servo—driven command airspeed bug on the  M a c h / A i r s p e e d  I n d i c a t o r , as

shown in Figure 7. This disp lay element is an orange color , often re-

ferred to as the “salmon bug” by evaluation pilots.

For the  e v a l u a t i o n  of t h i s  concept  in t h e  s im u l a t o r , the  norma l

positioning of this disp l ay  e l emen t  by pilot selection of a target ap-

proach a ir speed was rep laced by a drive signa l based on an air-derived

ground speed computation. Pilots were briefed to monitor ground speed!

a i r speed  relationships to estimate wind effects--i.e. , changes and trends

in the along-track wind component--and to compare these estimates with

surface wind information in order to assess the  p o t e n t i a l  fo r  shear .  Ap-

proach management and flig ht-path contro l technique were at the pilot ’ s

discretion.

5. Wind Difference Indicator

The intent of this aiding concept was to eliminate the informa-

tion processing required of the pilot in determining wind effects and to

p r o v i d e  him w i t h  a more d i r e c t  d i sp lay of the potential shear. This in-

dicator consists ‘1 a pane l mounted disp lay of the difference between

the a long-L rack Wind c o mp o n e n t  a t  g round  leve l , based on r e p o r t e d  s u rf a c e

w i n d s , and  the  sane w i n d  component  a t  the  a i r c r a f t ’ s p r e s e n t  a l t i t u d e ,

ba sed on ~n a i r bu ne c o m p u t a t i o n  of t r u e  a i r s p e e d  m i n u s  ground speed .

T h i s  “w i h d  d i f f e r e n c e ” ( h e r e a f t e r  a b b r e v i a t e d  °A W ”) was  d i s p l a y e d  in

k n o t s  as shown in  F l e u r e  8.

~W was  c omp u t e d  b y snoi r a c t i n g  the  wind  component a t  a l t i t u d e

from the  s u r f a c e  w i n d . P o s i t i v e  v a l l i ~-s of AW were disp layed above the

-h er o  ( n o  d i f f e r e n c e)  i n d e x  and  i n d i c a t e d  a g r e a t e r  h e a d - w i n d  component  ‘ 
—

( o r  lesser  t a i l — w i n d  componen t )  on t h e  su r f a c e  r e l a t i v e  to the  w i n d s

p r e s e n t l y a f f e c t i n g  the  a i r p l a n e .  N e g a t i v e  v a l u e s  of AW , d i s p l a y e d  be-

low the  zero i n d e x , indicat ed a lower  h e a d -w i n d  compon en t  ( o r  g r e a t e r

16
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t a i l — w i n d  c o m p o n e n t )  on t h e  s u r fa c e  an d  w e r e  t h u s  i n t e n d e d  to a I e r t  the

p i l o t  to a d e c r e a s e  f rom t h e  p r e s e n t  l e ad - w i n d  compon en t  some t i m e  be-

f o r e  a r r i v a l a t  the r u n w a y .  I t is i m p or t a n t  to n o te  tha t t h i s  i n d i c a t o r

could onl y show the  d i f f e r e n c e  in the tw o w i n d  c o m p o n e n t s ;  t h e  d i s p l ay e d

v a l u e  w o u l d  t h e r e f o r e  ch a n g e  on l y a s  t h e  a c t u a l  w i n d  v e l o c i t i e s  c h a n g e d ,

e i t h e r  on the  g round  or a t  altitude. Indicated values of AW wou ld  not

change with changes in airspeed and neither of t h e  two wind  components

being compared to provide ~W is disp layed.

Pilots were briefed to moni to r  AW and to notice change s in the

i n d i c a t e d  v a lu e  as  the  approach  p r o gr e s s e d .  It was suggested tha t nega-

L i v e  r e a d i n g s  would indicate a corresponding net loss in airspeed some-

w h e r e  between the aircraft ’ s present position and the surijce ; reversals

in the  wind  velocit y profile below the aircraft ’ s present altitude could

produce  an i nc r ease  in a i r s p e e d  f i r s t  and then  the  i n d i c a t e d  d e c r ea s e .

It was further suggested tha t pilots add a “pad” to their previousl y

s e le c t e d  t a r g e t  a p p r o a c h  a p ee d  to m a t c h  t h e  amoun t  of any  n e g a t i v e  ~W

r e a d i n g .  For examp le . if the approach  b~ig speed was  140 kno t s  and the

-\.W i n d i c a t o r  r e a d i n g  was  -20 k n o t s . t h e  p i l o t  would  f l y 160 k n o t s , modi-

f v i ng t h i s  speed pad  as  ~~ c h a n g e d .

P i l o t s  w e r e  b r i e f e d  to i n t e r p r e t  p o s i t i v e  v a l u e s  of ~W as  m d i-  T V

c at  ions  tha t t h e ’.~ w e r e  f l y i n g  i n t o  an “ i n c r e a s i n g  e n e r g y ” s i t u a t i o n  and

cou ld e x p e c t  a ne t  i n c r e a s e  in a i r s p e e d .  The sugges ted  a i r s p e e d  manage-

ment  t e c h n i que w i t h  p o s i t i ve \W readings was to maintain bug speed with 4
no c .~L ia additives and monitor -~W f o r  changes as the approach progressed.

At the low end of the a p p r o a ch  the p ilot might , a t  h i s  d i s c r e t i o n , e s t i —

m a t e  p o t e n t i a l  touchdown speeds t o  he e x c e s s i ve  and e l e c t  to c o - a r o u n d .

b.  P a n e l  D i s p l a y  o f  F l i g e r - P a t h  A n g l e  a l - Id
P o t e n t i a l  F l i g~~~~~a tj ~~.-~~~ 1e

~‘l i gh L — p a t h  a n g l ’ - i s  g e n e r a l ly  r i d e r s t o o d  as  the  a i r c r a f t ’ s
- 

a n g le of c l i m b  or  de scen t  r e L a t i v e  to the horizon. In this st u d \ - , i li ght—

p a t h  ang le was  d i e r i v e l f rom t h e  r e l a t i o n s h i  p b e t w e e n p i t c h a t t  i t u d e  and

ang le of a t t a c k  and i s  t h e r f o r -  nq  j r — m a s s — r e f e r e n c e d  a n g le  or  a i r

VI OC I t V v e c t o r ;  i i  cc r re  ~p oi i  i s  t o a g r o u n d  — re fe ret red angle , Su C h  a s

19 
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the 3-degree glid e slope , onl y when t h e  a long-track wind component is

zero In this discussion , ground-referenced flight-path ang les w ill be

r e f e r r e d  to as  “ c l i m b ”  a nd “ d e s c e n t ” a n g l e s .

Th i s  distinction is important to the intended application of

t he  f l i g h t - p a t h  ang le disp lay to the wind-shear problem. Flig ht-path

a n g l e  (h e r e a f t e r  a b b r e v i a t e d  as  FPA) was  d i sp layed  on an i n d i c a t o r  lo-

c a t e d  abo ve t he a l t i me t e r , as shown in  F i g u re  9.  P i l o t s  were  b r i e f e d  to

m o n i t o r  FPA r e l a t i v e  to a f i x e d  r e f e r e n c e  ang le ( b l a c k  ma rker  set a t

-3 degrees  in F i g u r e  5) r e p r e s e n t i n g  a 3-degree  g l ide  s lope . As long as

the p i l o t  was  m a i n t a i n i n g  the  g l i d e  s lope ( b y r e f e r e n c e  to p r i m a r y  f l i g h t

i n s t r u m e n t s ) , t he FPA reading could he used  to estimate wind effects.

R e a d i n g s  above  the  r e f e r e n c e  ang le m a r k e r  i n d i c a t e d  a r e l a t i v e l y s h a l l o w

FPA al -id , hence , a headwind; relativel y steeper FPA readings (below the

m a r k e r )  i n d i c a t e d  a t a i lw i n d  c o n d i t i o n .  Rapid  changes in the FPA reading

p r o v i d e d  an i n d i c at i o n  of wind  s h e a r .

The concep t  of a “ p o t e n t i a l  f l i g ht  p a t h ”  was der ived  f r o m  e a r ly

work  on improved flig ht management disp lays for the SST and from more

recent developments in the h e a d - u p  disp lay of vertical guidance informa-

tion. Gannett (Ref. 3) has characterized potential flig ht—path angle

( h e - r n f t e r  a b b r e v i a t e d  as P F P A )  as a ~1isp lav element “ . . . tha t r e s p o n d s

to a c c e l e r a t i o n  of tril - aircraft a Long t b -  flight path as influenced by

c h a n g e s  in t h r u s t  or  d r a c . ” A t t ’ r  f I r i n g  t h i s  k i n d  of d i s p lay  e l e m e n t

on the  Thomps on-CSF h e a d - u p  d i~~p L a y  ~~V 5 t e ~~~5 ( C V -~) l  and  TC-l21) , a n o t h e r

p i lo t  has  p r o v i d e d  a c o n c i s e  d r s c r i p t  i on  o f  PFPA t h a t  f i t s  the  concept

a d o p t e d  in t h i  s study (k-f . -‘~~)

“ T h i s  is L h e  pa til ii - i i c r a  f t  w o u l d  f l y when i n e q u i  i i i -
r i u m~ and  i t  i_ s pr esent ed in such a war t h a t  I s  r e l a t  t~~n
ship  to t h e  v e l o c i t y  v e c t o r  i s  a m e a s u r e -  of  t h e  e x c t - s s .
or d e l i c t  € n c y ,  of t h r u s t .  When  t u e  speed is s t i b i  l i z t i .
t h e  po~ 1 - h t m l p a t h  i s  c l i n c i d - u t  w i th t he  a c t u a l  p a t i . or
v e l o c  Ltv v e c t o r .  i i  t h r u s t  ex c e e d s  d r a g .  I h e  p o t e n t i l
p a t h  r i se~ a h ov e  t h e  v Ioc I t y  v e c t o r  and  r e su l t s  c i  t h er
in acceleration (reducing ang le of at t a ck~ if tju- velocit y
v e c l ot  is h c h d  c o n s t a n t , or i n  I_ he vei l- h t y  V I I  t1 ’r nl ’vl ug
up (with pit c i atti ttide) if angle ci attack is held Con-
s t a n t  - The potent ial path i s t h e  p r i m a r y  r e f e r e n c e  f o r
thrust man a gemt-ii t . ‘‘ V
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For a more comp Lete d i s c u ssi on of the PFPA concept and its

m a t h e m a t i c a l  d e r i v a t i o n , t l ie  r e a d e r  i s  r e f e r r e d  to Wanner (Ref. 5) and

Kl op fstein (Ref. 6). Tn the pres ent st u d y , PFP A was  d i sp layed on a

separate indicator adjacent to the FPA indicator to facilitate pilot

monitoring of the PFPA reading relative to FPA (Figure 5). Pilots were

told tha t PFPA represented inertial accelerations along the fli ght path

and that it could be used to antic ipate the need for throttle adjustments

by monitoring its relationshi p to FPA as described in the foregoing quote.

In the  s i m u l a t i o n , PFPA was derived from longitudina l and norma l accelera-

tions resolved along the air velocity vector. The PFPA reading relative

to FPA reflected configuration changes (gear and flaps) , thrust change s,

and f l i g h t - p a t h  a c c e l e r a t i o n s  i n d u c e d  by wind  s h e a r .

7. Head-U p Display of FPA an d  PFPA

The i n c l u s i o n  of a simulated head-up disp lay (HUD) in cha se I

t e s t i n g  was  i n t e n d e d  to r e p r e s e n t  a head-up presentation of the same in-

formation as that provided by the panel disp lay of FPA and PFPA . In

coordination with FAA . a i~iinimun k~i’l) forma t considered necessary for

assessing the head-up presentation of FPA and PFPA was adopted. A sche-

matic representation of this I-hiD forma t is presented in Figure 10.

The HUt ) symbology  shown was  g e n e r a t e d  Cv the Vital III system

and i n t e g r a t e d  w i t h  t he  s i m u l a t e d  e xt e r n a l  v i s u a l  scene.  The d i s p lay

e l e m e n t s  a re  composed of o range  co lored  l ig h t  p o i n t s  spaced close enough

to appear as lines and generated brigh ter than the light points used to

represent t l . e a i r p o r t  e n v i r o n m e n t s .  The “Reference Ang le” element

(circle) corresponds to the I ixed 3—degree gl id e—path r e f c - r e-nce index

iii the panel di sc lay; in the 11 Th , it is located 3 degrees b~ low I_ he

horizon line arid is aligned la t e rall y with the runway heading. The i-’P~\

element m d  icat~-s L i e  compute .I i i  I ght—pa th angle relat ive to thu hon zon

and  w o u l d  c o i n c i d e  w i t h  the reference ang le - o n l y  w h e n  the aircraft was

d e s c e n d i n g  (through the air ma ss) at -3 degrees. 1:

A bas i c  i-lU !) fo rma t c o n s i s t i n g  1)1 an aircraft symbo l and he •izou

l i ne  fo r  a t t i t u d e  r e f e r e n c e , a d e p r e s s - e l  s ig h t  l i n e  to i n d i c a t e -  t h e
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MACRAFT
SYMBOL

__I_ - -

HORIZ ON

F —  ~~~-FA ST/ SLOW INDICATOR REFERENCE AN GLE

— 
~,~~~ FLI GHT.PATH ANGLE

s-
POTENTIAL FLIGHT .
PATH ANGLE

SA-4364-34

FIGU R E 10 H EAD-UP D ISPLAY FORMAT FOR PHASE 1 TESTING

des ired glide-sl ope ang le , and a flig ht-path ma rker that sh ows the actual

vertical flig ht-path angle of th e aircraft was suggested more than 20

yea r s  ag o by the work of Calvert (R-f . 7) and Lane and Cummings (Ref. 8).

In the Phase 1 IWO forma t , a fast-slow indicator was added to this basic

fo rma t for airspe ed management , and the PFPA elem ent was included as an

extension of t i e  FPA inform ati on. The- (lashed ha rs r~-prese nt ing I’FPA

blend with the FPA ma rker when inertial speed is stabilized , rise above

the FPA ma rker to indicate accelerati on along the fligh t path , and drop

belaw to indic ate deceleration.

Pilots were !rjefed on tb -~€- use 0! the  HIT!) for til l- detection of

w i nd e f f ec ts and fo r flight-path control . ~4ind effects were indicated , as

in the panel display of FPA , by the position of the FI’A marker relative

to the reference angle circle while the pilot was maint a ining a i-degree

23
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g l i d e  p a t h .  The HUD forma t in F i g u r e  10 p r o v i de s  f l i g h t - p a t h  c o n t r o l

guidance only when externa l v iewing conditions allow the pilot to see

the intended touchdow n ? Oi n t  on the  runway  ( a i m  p o i n t )  . Pilots were

br iefed on the techni que for maneuvering the aircraft so that the refer-

en ce ang le circle was aligned with this aim point. In order to maintain

the reference circle on the runway aim point , the a ircraft would have to

descend on the 3-degree glide path with its actua l trajectory terminating

at the selected aim point. Additiona l cues for maintaining latera l flig ht-

path al ignment were  provided by the runway and approach lights.

The FPA ma rker  a lso  provided rol l  a t t i t u d e  i n f o r m a t i o n  and was

used to facilitate the flight-path contro l task as well as indicate wind

effects. The suggested technique for correcting disp lacements of t he

reference circle from the runway aim point was to fly the FPA ma rker

toward and beyond the aim point and then to hold an offset position un-

t il the change in the aircraft ’ s trajectory brought the circle back in

alignment with the aim point. PFPA was used as an anticipatory cue for

thrust management , as described earlier for the head-down display.

8. Head-Up Display of Wind Difference

This p ilot aiding concept was simp ly the basic flig ht-pa th

angle HUD forma t just described with an additiona l disp lay element. As

shown in Figure ii , the W ind Difference Indicator was added to the  right

side of the HUt). It provided the same i n f o r m a t i o n  on d i f f e r e n c e s  be tween

surface winds and winds at the aircraft ’ s position as that described for

the panel mounted instrument , and p i l o t s  were  briefed to use i t  in the

same manner.

I’he availability of this indicator head-up aLlowed the p i l o t s

to monitor wind differences deeper in tile approach , beyond t h e  point

where they would typ ical iv transition to e x t e r n a l v i s u a l  r e f e r en c e .  I t

also permitted them to cross—check changes i n  AW with wind ~ ffe-c ts m di—

cated by the FPA and PFPA disp lay elements , which were not availabl e w h e n

the panel iW disp l a y  was  u sed .

24

-VV--

~

--V---V-----

~

--—--

~

-- - --V -—-.-~~~~- -~~~~~- --~~~~ - - - -~~~~~
- - - V

~~—



— ~V ~~~~~~~~~~ ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — 

~~~~~ — - ~~- -~~ T ~~~~

S.

— 6 0

:~
< - -  >

~~
W I N D  I N D I C A T OR~~~~~~~— -60

SA-4364-33

FIGUR E 11 HEAD-UP DISPLAY INCLUDING THE WIND DIFFERENCE INDICATOR

25 

— - —V  — - —~ _ _ _~~~~~~ _~~~~~~ ~~ - -- -—--:-- --- ---- - —_ - -—.- V-- 



___________________ — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —-V - ~~~~~~~~~~~~

I I I  STUDY PROCEDURES

A. Eva lua t ion P i lots

Phase 1 simulation exercises were designed primarily to expose expe-

rienced airline and FAA pilots to the test wind-shear profiles and to

obtain their assessments of the potential usefulness of the cand idate

aid ing concepts. The eight pilo ts who participated in the stud y were

P recruited by FAA and consisted of six senior airline pilots and two FAA

p ilots. Seven of these pilots were DC-b qualified and one was current

in the B-747. Pilot-in-command time ranged from 8000 to more than 21 ,000
flying hours , with an average  of 15 ,000 hours for the eight pilots. DC-b

fl igh t time averaged 760 hours for the airline p ilots and about 60 hours

for the two FAA pilots.

Evaluat ion pilots were scheduled for partici pation in the stud y in

p a i r s , with each p a i r  t a k i n g  f o u r  days  to  comp le t e the full simulator

run  schedule. Simulator utilization hours were from 0130 to 0730 daily,

and pilot briefings began at approximately 0030.

B. Pilot Briefings

Similar briefings were given to all p ilots who participated in the

stud y. A comprehensive initial briefing was given to each pair of sub-

jects when they reported for the firs t morning ’s fl ying. This initi a l

b r i e f i n g  l - ~c t e d  a p p r o x i m a t e l y  a n -  hou r and  w i —  d e s  i e i ~ 1 T o  p r o v i d e  a l l

n e c e s s a r y  background i n f o r ma t i o n  on t he  study and e h s c r i ! l ,  t h e  s imul itor

and pro c edu res to be u s e d , The b r i e f i n g  d i d  n o t  ~h - s c r i  h -  t i l e  n i ~r h - r or

t h e  ch a r a c t e r i s t i cs of t h e ~h i - - it - pr o fil e ’s to be i i s . - i , l o w -  V I , ni audio-

visual presentation developed by Doug las t o  m t  r o d - I c e  p i l o t s  T a  t h u  i c-i l —

oral char a ct eristic of wind shear was i n c l u d e d  - i s  p a r t  ol t h e  br i ~~~~ m t .
Th is sl ide show , en t i t i e d  “Th e H o s t  h i -  Environm ent , “ was p re- in I i -cl t o

provide a common frame of reference for the suh’-iequent di scussions of

2b
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wind shear and to remind t h e  p i l o t s  of th~ basic indicators of wind

shear available from existing flight instruments .

The initial briefings served ~is an overall introduction to the pro-

gram and to the test personnel. They were conducted by t he  Test Director ,

a project pilot who occupied the righ t seat to role-play as first officer ,

and a Douglas simulator engineer who manned the instructor ’s station to

manage run conditions. On some occasions other project personnel from

FAA and SRI were present for these briefings.

More detailed briefings , specific to each of the aiding concepts ,

were given to p ilots individuall y just prior to the run series in which

that aid ing concept was presented . These briefings were typicall y quite

sho r t and were pre sen ted by the Test Director. HUD br ief ings , esp ec ially
for the pilo t ’s initial session using the HUD , were given in con siderable

deta il and tended to be longer. This was considered necessary beca use

the p ilots were generall y unfamiliar with HUD, and none had seen the

simulated HUD before.

C. Pilot Exposure to Test Conditions

The relatively large number of aid ing concept and shear combinations

a rgued for vary ing the order of exposure to test condition s in order to

preclude any bias due to learning or fatigue effects that might carry

over from one run condition to another. Accordingly, each pair of pilots

flew the aiding concept in a dilferon t order. All p ilots flew simulator
familiarization (two approaches), initial baseline (eight approaches),

and t r a i n i n g  e f f e c t  ( two ap p r o a c h e s )  runs on t h e i r  f i r s t  day ,  in t h a t

o r der .  A f t e r  t h i s  i n i t i a l  b a se - l ine se r i es , however , t he  order  of co~ di-

t ions was varied . Tab le  2 illustrates a typical scheduling of simulator

sessions for one p a i r  of ev aliti t ion p ilots . The p r e s e n t a t i o n  of shea r

profiles was also v;iried for each aiding con cc-pt to contro l for carry—

ov e r ~ffects and to minimize p ilot learning of the shear profiles .

The BUD sess ions  were  t r e a t e d  as a b lock  b e c - n i s e -  of the special

brief ings and train ing approaches required for famili arization with t h e

disp lay characteristics. Ac cord ing ly, the - schedule was arranged so that
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the BUD was taken up at the beginning of a day and mos t  of the  HUD ap-

proaches could be comple ted  d u r i n g  t h a t  day ’ s flying. The “HUD day,”

however , was sch edu led on d i f fer ent we ek days fo r each p ilot pair . - 
-

D. Data Run Procedures

Before initiating at’. approach , the first officer provided the evalu-

ation pilot with a flight condition or “weather ” card . This card was

pl aced on the console and showed the weather conditions for the approach

to be flown , the  aircraft landing weigh t , and the applicable speed require-

ments for the weight and flap setting. The information on this card was

used each time by the evaluation p ilot to set up his  approach and to choose

his approach t a r g e t  speed based  on the  r e p o r t e d  s u r f a c e  w i n d s .  Thc sur-

face winds presented were correlated with the shear profile being flown.

Surface wind direction and velocities were changed slightl y at t imes to

prevent the evaluation p ilot front becomi;~g too familiar with the associated

shear prof iles.

The approaches flown during this stud y were conducted as nearly like

routine - air carrier operations as possible. Pilots were requested to

manage their approaches just as they would on the line, including the

~o-aro~-nd decision when necessary. The Los Angeles International Airport

(LAX) was selected ~s one with which most evaluation pilots were familiar ,

and standard approach charts for this airport were used , with only slight

m o d i f i c a t i o n s to i n c o r p o r a t e  th 1- VAS T and the Visual Descen t Point . The

approa ch plate for the ILS approach to runway 24R is reproduced in Figure

12. Non-precision approaches were flown using the approach plate for run-

-~~ ~~
jy  25L , : i ~ -~if icd as shown in F i g u r e  13 .

Each simulated approach was initiated 9 miles from the airport at

the initial approach --i lt it ti d e (2200 feet for 24R and 1900 feet for 25L).

The s i m u l a t o r  was se t  up on course  and h e a d i n R ,  in the  i n i t iQ l approach

confi guration (gear up, 22 degree flap setting) at 175 knots airspeed ,

and in trim with appropriate power settings . All checklists were assumed

to have been completed with the exception of the final landing check list .

Flight directors , course selectors , radios , an d altimeters were all pre—set

by the firs t off icer. The  a pp r o a c h  t~’:i s i~ t i  i t  ed wii ii t i l e  e v i l u a t  ion  p i l o t  -

advised he was r- ,d v . 29
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The approach was conducted by each i n d i v i d ua l  e v a l u a t i o n  p i l o t  in

accordanc e wi th his own procedure s . Gear  and f l a p s  were lowered b y the

fi rst officer at the pilot ’s command . All normal call-outs were made by

the first officer and included at least the following:

(1) Glide slope active (or approaching non-precision fix

(2) Passage of outer marker or non-precision fix

(3)  C o m p l e t i o n  of f i n a l  l a n d i n g  check l i s t

(4) A l t i t u d e , ai r sp eed , and r a t e  of descen t  as r e q u e s t e d  b y
the i n d i v i d u a l  p i l o t

(5) Approaching and reaching minimums

(6) Lights  and runwa y si gh t i n g s

(7) Miss ed approach points.

Each evaluat ion pilot made his own decision about landing or going

a round , and all firs t officei’ call-outs were modified as requested to

meet the stated requirement s of the individual pilots. After each land-

ing the simulator was frozen at nose wheel touchdown and reset back to

the initial position for the n e x t  run . On go-arounds , the simulator was

frozen as soon as the aircraft was stabilized with a positive rate of

climb , and reset was then accom plished .

Most approaches flown in the  s t u dy  were ILS approaches to runway

24R under Cat-I weather minimums (300-fojt ceiling, 2400-foot RVR).

These approaches were flown tnanuallv by reference to the flight director , - -

and autothrottles were not used . The transition to external visual refer-

ence for flare and landing was below 300 ft and at the pilot e s discretion .

Coupled ILS app r3~~~1 - -~ s c -r e  f l o w n  in the Cat—Il ‘risibility conditions.

Autop ilot and alltothr ottl - - ‘ - . r1.- i t s t - d  down to the 100-foot decision heigh t

where the automatiC - s v s L C - m  s - C r c  d i s engaged  and the landing maneuver was

accom p l i shed  m a n u a l l y  b y C X L  rnal visual reference.

Nonprecision approaches were iocaiizer-onl y approaches to runway

25L, simulating a failure in the glide-slope system . The approach p late

was slightly modified by eiLmi n at ing the LAKE fix at  l.h NM on th e ILAX

OME and substituting the visual descent point (VDP) fix at 1.2 NIl on the

ILA X DME . The MD - was a l s o  c h a n g e d  t o  a l l o w  d e s c t - n t tel 460 f , f t - t , MSL

32 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ V -



,IL — -
~~~

-- -
~~ 

- - - - -V
~~ 

V -V -
~~~~~~ ~~~~~~~~~

V_  
~~~~~~

immediately after leaving the outer m ar k e r , instead of maintainin g 620

f e e t  MSL to LAKE . A pproach  p r o c e d u r e s  f o r  t he  n o n - p r e c i s ion  app roaches

were  s i m i l a r  to those  a l r e a d y d e s c r i b e d  f o r  i n i t i a l  s i m u l a t o r  pos i t ion -

ing, c o n f i g u r a tio n , an d a i r speed . On t h es e approaches , the first officer

called out approaching and passing fixes , and MDA , in addition to the nor-

mal altitude/airspeed call-outs. The initiation of the descent and the

descent rate were at the discretion of t he  p i l o t  in command .

Four t a k e o f f s  were also included in the m a s t e r  run  s c h e d u l e .  A s imu-

lated aircraft gross weigh t of 400,000 pounds was used for these runs ,

and both maximum thrust and reduced thrust takeoffs were made. Onl y two

of the test shear profiles were considered appropriate for the takeoff

sequences. The frontal and thunderstorm profiles were used to represent

a head-wind shearout during the departure climbout .

On the  t a k e o f f  runs , the  f i r s t  o f fi c e r  c a l l e d  out airspeeds and

a c t u a t e d  gear  and  f l a p s  as d i r e c t e d  by the  p i l o t  in command . C a l l o u t s

of V1, V2, and VR were nortoally requested . Takeoff rurss were terminated

when an altitude of approximatel y 1200 feet was reached .

E . Data  C o l l e c t i o n

Two d i s t i n c t  k inds  of d a t a  were c o l l e c t e d  d u r i n g  the s tud y:  ( 1)

p i l o t - g e n e r a t e d  data , incl iding comments , op inions , and aiding concept

ratings provided by each evaluation pilot , and (2) quantitative flig ht

— 
situation data recorded on magnetic tape at 6tri p chart recorders . The
two sources of data complemen t e t c h  other . Pilot assessments of the

effectiveness of the aiding concepts were contrasted with objective rec-

ords of approach oulco-sies .

Pilot generated data were obtained following each simulator run

and in debriefing -session s. Pilot commer.ts during and immediately after

each approach were recorded on the  f i r s t o f f ic e r ’ s i n f l i g h t  d a t a  ca r d .

This card was also used to record t h e  ev i lu a tion pilot ’s ra tin g on his

performan ce and work load on each appro Ich . Th C -is c ratings were using a

sc.il e of one (best) to seven (worst). It was expected that p ilot com-

men ts and rat i ng—Y recorded imm ~- I  lately fol lowing the Iopr o-1 (’h would be

free of influenc e by other ippr o-Yche s or t c-it t coil’! i Lions .
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P i l o t  d e b r i e f i n g s  were  c on d u c t e d  f o l l o w i n g  each sess ion  in the simu-

lator , f o r  each p ilot , and at the ,-ud of the week’s participation for

each pair of p ilots joint l y. The session debriefings were normall y con-

ducted by the Test Director alon e, although other team members or official

v i s i t o r s  somet imes  o b s e r v e d . The debriefings were loosely structured to - 

-

a l l o w  the p i l o t s  a maximum o p p o r t u n i t y  f o r  comment w i t h o u t  being led to-

ward an answer.

End-of-the-week debriefings were usuall y more crowded , with all of

the regular test team plus both pilots and ordinaril y sev era l  vis itors

p r e s e n t . S t r u c t u r e  again was kept quite loose to allow maximum free

comme n t . P i l o t s  were asked to make  “bes t” a nd “second bes t ” choices

from the aiding concepts they had seen during the week. All pilot de-

briefing comments were recorded on cassette tapes for subs equent tran-

scription and detailed stud y.

At the initial program briefing, each evaluation pilot completed an

experience history form , primarily to evaluate his total and recent DC-b

experience. Each was also asked whether he had had prior experience

with head-up disp lay, f l i gh t - p a t h  angle , ground speed , or inertiall y

sensed wind displays . Following his week’s flying, each pilot was given

a 27-item questionnaire to comp lete and return . The questionnaire was

used to obtain comparative jud gments of aiding concepts and to ask for

opinions as to how the concepts might be improved .

A comprehens ive set of fligh t situation parameters and events was

recorded on digital magnetic tape , at a samp ling rate of 5 samp les per

second , for subsequen t quantitative analysis. These parameters are listed H

in Table 3. In sddit ion , a di g it a l  p r i n t e r  t r i g g e r e d  by main gear touch-

down printed the values of several parameters describing touchdown per-

formance, and an 8-channel strip chart recorder was used for quick-look

monitoring of performance during he  approach .

L _ _  
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Table 3

FLIGHT SIMULATION PARAMETERS RECORDED ON MAGNETIC TAPE

Parameter Unit Range Resolution

Elaps ed time sec 0-600 0.2 sec

Longitudinal position ft -20K to 50K 1 ft

Lateral position ft ± 2K 1 ft

Vertical pos ition ft 0—2K lft

Heading error deg ± 30 0.1 deg

Sideslip angle deg ± 10 0.1 deg

Pitch angle deg ± 30 0.1 deg

Roll Angl e deg ± 30 0.1 deg

Vert ical speed ft/sec t 50 1 f t / s e c

A irspeed kt 0-300 1 kt

Ground speed kt 0-250 1 kt

Cross-track velocity ft/sec ± 25 0.1 ft/sec

Longitudinal acceleration ft/sec 2 ~ 5 0.1 ft/sec2

N o r m a l  a c c e l e r a t i o n  f t / s e c 2 ± 30 0.1 f t / s e c2

Pitch rate deg/sec ± 10 0.1 deg/sec

Roll rate deg/sec t 10 0.1 deg/sec

Elevator deflection deg ± 64 0.1 deg

R u d d e r  d e f l e c t i o n  deg ± 64 C.l deg

Aeleron deflection deg ~ 64 0.1 deg

Pitch acceleration rad/sec 2 t 3 0.1 rad/sec2

Control column position inches ± 8.97 0.1 inch

Control wheel position deg 90 0.1 deg

R u d d e r  ped al  p o s i L ~ on inches  4 . 24 0. 1 inch

Throttle position deg 0-256 0.1 deg

Horizontal stabilizer position deg —5 to +15 0.1 deg

Flap posi tion deg 0-50 - dog

F! I g li t —path mg i e (a i r~ deg ~ 10 0. 1 d eg

P o t e n t i a l  f l i g h t — p I t h  an g le (air) deg 10 0.1 deg

Wind speed (along track) kt ~ 60 0.1 kt

Wind spe ll (c r o s s  t r i c k )  k t ~ sI) 0. 1 kt

35



- -- V- -V ____
- — - - ~~~~~~~~~~~~~~~~~~~~~~~ V2~5.~~~ ~~~~~~~~~~~ 

‘.‘ ‘
~

Tabl e 3 (concluded )

Parameter Unit Range Resolution

W ind speed (vertical kt t 20 0.1 kt

Pitch steering bar signal deg ± 10 0.1 deg

Bank steer ing bar signal dog ± 25 0.1 deg

Localizer deviation mV ± 15 0.1 mV

Gl ide-slope deviation mV ± 15 0.1 mV

A irspeed bug se tt ing kt 0-200 1 kt

RPM (N1) 7~ 0-100 17,

Al timeter (barometric) ft 0—2K 1 ft

Angle of attack dog 0-20 1 deg

DME 1 d istance nm 0-10 0.1 nm

DME 2 dis tance mm 0-10 0.1 mm

VOR 1 bearing dog 0-360 0.1 deg

VOR 2 bearing dog 0-360 0.1 dog

Wind differential kt ± 60 1 kt

Marker  beacon

Autop ilot disengage

Left gear touchdown

Autothrott le disengage

Rig ht gear touchdown

Go-around initiate
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IV RESULTS AND DISCUSSION

Implementation of the test procedures described in the preceding

section generated pilot evaluations and flight situation data on a total

of 512 simulator runs. These data were reduced to derive two princi pal

indicators of the relative effectiveness of alternative pilot aiding

concepts:

(1) Pilot assessments of the potential operational utility
and limitations of each of the aids.

(2) Approach outcomes--i.e ., objective determinations of the
effectiveness of approach managemen t and flight-path con-
trol based on aircraft state parameters at 100 feet (Inner
Marker) and at touchdown .

The screening of candidate pilot aiding concepts was based primaril y

on contrasts with baseline conditions , and data reflectin g pilot reactions

and performance under these conditions are presented first. As indi ca ted

e a r l i e r, the  t e rn  “baseline” is used to refer to the fact that no augmen-

tation of existing cockpit instrumentation or flight crew procedures is

available to the p ilot; within the context of this stud y, such conditions

may therefore be construed as “unaided” . The subsequent discussion of

the outcomes of the screening evaluations will examine contrasts between

different aiding concepts as well as their relationship to baseline condi-

t ions.

Phase 1 testing was carried out as an exploratory stud y, covering a

diverse set of operational conditions and of incompletel y developed aid-

ing concepts. Within the time and resource constraints imposed on this

phase of the program , a fully controlled experimental evaluation of

each aiding concept and alt erna t lye opcration~il context was not feasible

and was not attempted . A ccordingly, relatively greater emphasis was

placed on pilot as~ essments of the potential usefulness of the candidate

a i d i n g  c o n c e p t s , and quantit ative data refl ecting differences between

aiding concepts were not anal yzed for statistical signi fic ance . Quanti-

tative data w e t , -  i e s - o r d e d  pri m - in l y to pr ovi dt - ~I D a s i  s f o r  d e t ; s i l ed
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analyses of p il ot and aircraft responses to the differen t wind-shear condi-

tions following a case stud y approach for a particular set of run condi-

t ioflS,

A. Pilot Assessments of Baseline Performance

1. Simulation of Wind-Shear Profiles

Immediatel y following their exposure to the simulated wind

shears under baseline conditions , pi lo t s we re asked to express their
reac tions to the realism and s ever it y of the she ars and to commen t on

their ability to detect them . They were also asked to critique the

overall simulation (i.e., aircraft response , visual scene , turbul ence ,
etc.), especiall y in regard to any features they felt migh t degr ade their  - :

performance or ability to assess the shears.

The simulated shear conditions were generally regarded as

“realistic but rarely encountered ,” with most of the reservations about

realism referred to shear profile 4 (thunderstorm shear). With only

one exception , the pilots stated that they had never encountered wind-

shear effec ts as great as those represented in the simulation . Never-

thel ess , even the more severe shears were accepted as reasonable , and

pilo ts were impressed with the potential tra ining value of exposure to

them in the simulator . As one pilot put it:

“1 think it ’s educational to see some of those excessive or
high shears in there , because I think very few pilots have
ever been exposed to those kind of shears .. .what I’m say ing
is I think you have to train on some of these things in t h e
simulator - more than we have in the past . .. they talk about
i t , h u t  u n t i l  the  guy h a s  ~~ ne down the re  and w i t n e s s e d  h i s
speed bouncing  a round and the high sink and landed short a
few times , it ~~~~~~~~ make much of an impression ... ii makes
a much greater impression when you bounce the thing off the
approach  l i g h t s  and see t h a t  t h a t  could  happen in the  rea l
world.”

Pilot reactions to th e  simulated turbulenc e conditions were

not  so pos i t ive .  Six of t he  eigh t p i l o t s  commented t h a t  t h e  tu rhu l enc , -

was not realis tic . Som e felt that the airspeed indicator movements were

too abrupt (“too jerk y”) and that for such fi,di eat  i o ne  t h e  motion system

did not produce an a p p r o p r i a t e  l eve l  or r a t - of c a b  movement .
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Most  of the pilots reported that their firs t and clearest m di-

cation of the shear was a change in airspeed , with one pilot adding simu l-

taneous d isp lacemen t from the glide slope to the airspeed change. Ver tical

speed was men ti on ed by two of the p i lo ts as a se conda ry indica tion of

shear , saying it was less frequently used because it is outside of the

primary instrumen t scan p a t t e r n .

In their critique of the overall simulation , pilot comments

were generally favorable. Th e most common complaint was that roll re-

sponse was too sensitive (control loading seemed to be much lighter than

in the airc ra f t) and som e of the pilots felt that the simulator ’s re-

sponse to pitch and throttle inputs was too slow. Only one of the pilots

felt that discrepancies in the simulator ’s handling qualities were advers ely

affec ting his performance.

2. VASI and VDP Procedure

Six of the eight pilots flew the night visual approach using
VASt as an aid for glide-path control . All of them fei t that the VASI

simu’ation was the bes t that they had seen it1 a simulator, bu t some of

them noted tha t it was too “sensitive” in that red-white color changes

occurred too abruptl y. Comments on the usefulness of VASt for detecting

the shear were f avor able in all ins tances . The pilots felt that depar-

tures from the 3-degree glide slope were easil y detected and that this

gave them a cle a r and t imely indication of the shear effects.

Pilots felt that the VASI as simulated could provide trend infor-

mat ion as well as discrete pos itlea , and were able to fly specific light

combin ations (red over two wh i te,, or two reds over one white) as desired .

Reports indicated that the pilots were able to detect developing shears

V 
by o b s e r v i n g  the VAS T color ch ,n~ ,-s , and to go ar o u n d  on the “3 red”

i n d i c a t i o n .  T h e i r  g e n e ra l  o p I n i o n  was p r o b a b l y  e f f e c t i v e l y summarized

b y t h e  p i l o t  who ~- iisI , ‘~~o r h s -  g u i d a n c e  is b e t t e r  t h a n  no guidance .’’

All pil ots who flew t h e  VDP proc edure t ec o g n i z e d  t h e  v a l u e  of

a clear ~~~i cat ion of when to in i t  I at - t hs- F i ni I l I t - s  t e n t  on a non — ,r& - c is ion

a p p r o a ch , l)t i t t h e  , ) n S t r , - I I ’  W . I C  th .i t the pret - h i l l  ti i d  no t  p r ov i le  . if l ) ’

ass istance t o r  I t , - t t - , t  i o g  or c o p i n i ~ w i t h  v i e - I  -dt1 ir . Tw~ of t h e  p i l o t s

11 t - 
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recognized that the DME i n f o r m a t i o n  might be useful in determining wind

effec ts (e.g., by noting its rate of change or the DME position on arrival

at the MDA), but the availability of the VDP fix , per se , could not be
related to the wind-shear problem.

3. The Coupled Approach 
-

The six pilots who flew the coupled approach in simulated Cate-

gory II weather were generally relieved to have the autopilot and auto-

thrott le sys tems cope w ith the shears . They all believed that the auto-

ma tics performed very well in delivering the aircraft to an acceptable

position for the manual takeover at the 100-foot decision point . They

also felt that the reduced workload and the time available to concentrate

on the approach management task enabled them to do a better job of detect-

ing shear effec ts. As one pilot put it: “
~ .. there ’s no question about

it , I think you can do a much better job of flying any kind of turbulence

or shear us ing the co upler.”

One of the more perceptive p ilots noted the importance of auto-

throttle performance in producing this level of p ilot conf idence:

“A good set of autothrottles with the acceleration term is es-
s e n t i a l  if you in tend to use  the coup lers in negotiating turbu-
lence and shear conditions.. .1 think without that you would not
be able to use them.. .1 think this is a way to go, but I s t r e s s
that the throttles must have the right smarts.”

4. The Takeoff Runs

Pilot debriefings on this test condition were focused on the

usefulness of the simulated PIREPS (pilot reports) provided just prior

to takeoff . Mos t of the p ilots (5 out of 6) felt that these reports

helped them to antici pate the  a i rspeed changes d u r i n g  climbout . None

felt that management of the shear encounter durin g climbout was partic-

u larly challenging with all eng ines opera ting,  even in the reduced

thrust condition .

S
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B . A p p r o a c h  O u t c o m e s  f o r  B a s e l i n e  C o n d i t i o n s

F ig u re 14 presents an over~’ jew of approach outcomes for the altern a-

tive baseline test conditions. Three components of the a p p r o a c h  o u t c o m e

a re  represented  in these  d a t a  p l o t s .  The p l o t  ~i t  the top of Figure 14

shows the proportion of go-arounds flown under each baseline condition

(number  of g o- a r o u n d s  r e l a t i v e  to  the total number of approaches attempted).

The next plot down is based on count of within-limits approach outcomes

derived from data on aircraft position and tracking tendencies at a glide 
- 

-

s lope  he igh t of 100 feet . Th e p lot at the bottom of the fi gure is based

on a count of within-limits landings derived from touchdown data .

An approach was counted as “within limits ” if , i t  the range correspond-

ing to a glide-slope height of 100 feet , the aircraft was within ±75 feet

of the extended runway  c e n t e r l i n e, t r a c k i n g  so as to remain within these

limits , and within ±28 feet of the glide slope (two dots). The data points

a re  the  number  of w i t h i n - l i m i t s  a p p r o a c h e s  r e l a t i v e  to the  t o t a l  number

of completed approaches; this means that the approaches resulting in go-

a rounds were not included in the derivation of these proportions .

The d a t a  p o i n t s  f o r  l a n d i n g s  are  based on the  same subse ts  of corn-

pleted approaches as those used for the approach outcomes , and are also

shown here as proportions. Landings were counted as within limits when

touchdown paramaters satisfied the following conditions:

(I) Wheel contact occurred within the touchdown zone (threshold
to 3000 feet down the r u n w a y )  and with the mid point of the
aircr aft within ±50 feet of the centerline.

(2 )  R a t e  of descen t was 10 f t / s e c  or less .

(3)  Lateral v e l o c i ty  was less  t h a n  14 . 5 f t / s e c .

(4) Pitch a t t i t u d e  wa s l e s s  t han  13 degrees .

(5) Roll attitu de was less than 9 degrees .

Separate data plot — , arc- provided in Figure l- ’t for the pilo t ’s first

(ILS-l) and second (TLS-2) exposure to t h e  f o u r  wind-shear conditions on

t h e  m a n u a l l y f l o w n  precision approach runs . Outcomes of the two replica-

t ions of the precision approach for shear profiles 2 and 3 are p lotted

n e x t  (TRN C ) to i n d i cat e  t r a i n i n g  e f f e c t s .  The l a s t  t h r e e  p l o t s  are  f o r

4l
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SHEAR PROFILES:

• W S 1
o W S 2
A W S 3

~ W S 4
1.0 —

0. 8 —  A

PROPORTION 0.6 —

GOING
AROUND 0.4 — 

~~.

0.2 — 
• o

0 —  0

I I I I I

1.0 —

0.8 — A

PROPORTION 0.6 — 
0

WITHIN A
LIMITS 0.4 —~~~~ 

0

AT IOO FT
0.2 — o A

0
0 —  A

— I I I

1 _ 0 —  U

A
PROPORTION A 0 a

WI T H I N  0.6 — 

• A
LIMITS AT 0 4  —

TOUCHDOWN
0.2 — A

0 —

I I I I I
TEST CONDITION ILS 1 ILS 2 TRNG VASt VDP COUPLED

S A -4 3 64 - 1

FIGURE 14 SUMMARY OF APPROACH OUTCOMES FOR ALTERNATIVE BASELINE TEST
CONDITIONS
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the non-precision approaches using VAS I, the VDP procedure , and the

coupled approach to the Category II decision height. Data points in

ea ch plot are coded to distinguish the effects of the differen t wind-

shear conditions using the following symbols :

• Repre sents the neutral boundary layer shear (WS-1)

0 R e p r e s e n t s  the nigh t time invers ion shear (WS-2)

A Represents the frontal/directional shear (WS-3)

~ Represents the thunderstorm gust front shear (WS-4)

The data indicate some training effect across initial baseline run

series (ILS and TRNC) with a slight trend toward fewer go-arounds and a

higher proportion of within-limits approaches to 100 feet. However, no

training effect is apparent in the touchdown plots. Appro ach perfo rmance

on the extended baseline series (VAST , VDP , COUPLED) show the relativel y
grea ter effects of differences in test conditions and shear profiles.

On the VASI approaches for shear profiles 1 and 2 , the re  were no

go-arounds, and all touchdown s were within limits . However, this result

is probabl y due to the  u n r e s t r i c t e d  v i s i b i l i t y  c o n d i t i o n  on th i s  run

series rather than to the guidance provided by the VAST. Not ice that

performance on the more severe profiles (3 and 4) is at about the same

level as initial baseline.

The spread  on VDP runs is due in part to t h e  s m a l l e r  number  of runs

comple ted  fo r  t h i s  c o n d i t i o n  (5 r a t h e r  t han  8) .  A p p r o a c h  outcomes appea r

to be somewhat better than initial baseline for shear profiles 1 and 2,

and about the same or worse for shears 3 and 4.

The expected improvement in approach outcomes for the coupled condi-

t i o n  was o b t a i n e d  onl y f o r  s h e a r  p r o f i l e s  I and 2 . There  were  c om p a r a -

tivel y few go-arounds (I out of 6) on the frontal shear (WS-3); however ,

d a t a  f o r  b o t h  t h e  ap p r o a c h  to 100 f e e t  and t he  landings for the coup led

approaches show consistentl y poorer performance than in itial baseline

for this shear. The proportion of go-arounds f o r  t h e  t h u n d e r s t o r m  s l i t - a r

(WS-4) was 4 out of 5, somewhat  h i g h e r  than i nitial baseline conditions.

This result may he due in part to the combin ation of the severe down -

d r a f t  . i s s o c i a t c d  w i t h  t h i s  s h e a r  and t h e -  v e r y  low vis i b i l i t y  condi tion
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(1600 feet RVR). The 1.0 proportion of within-limits touchdowns for

this condition may be misleading, since i t  is based on onl y one comp l e t e d  - I

a pp roach .

When the number  of w i t h i n - l i m i t s  l a n d i n g s  is r e l a t e d  to the  t o t a l

number  of approaches  a t t e m p t e d , the  o v e r a l l  p r o p o r t i o n s  of w i t h i n - l i m i t s

touchdowns  across  w i n d - s h e a r  c o n d i t i o n s  a re  as f o l l o w s :

( 1)  For the  ILS app roach  (ILS I and 2 ) ,  i t  is 31 out  of 60 ,
or 527~.

(2)  For the non-precision approach using VASI , i t  is 17 out
of 24 or 7 l ’ /.

(3) For the non-precision VDP approach , i t  is 10 out  of 21
or 487..

(4) For the coupled ILS approach , i t  is 11 out of 22 or
507..

Comparison s among the alternative baseline conditions are confounded

b y differences in weather conditions and guidance represented in the simu -

lation . Moreover , the interpretation of these results must be tempered

b y a c o n s i d e r a t i o n  of t h e  smal l  number  of app roaches  on which  t hey  are

bas ed. However, the data indicate that considerable augmentation of

baseline capability will be required if pilots arc to cope successfully

w i t h  the  k inds  of l o w - l e v e l  w i n d - s h e a r  c o n d i t i o n s  r e p r e s e n t e d  in t h i s

stud y.

C . P i l o t  A s s e s s m e n t s  of C a n d i d a t e  A i d i n g  C o n c e p t s

1. Ranking of Aiding Concepts

In the general debriefing sessions c o n d u c t e d  a f t e r  their exposure

to t : i l - full set of c a n d i d a t e  a i d i n g  c o n ce p t s , t he c - v a i u i t  ion pil o ts WI ll

ls k t d to make “best t and “second best ” choices . Six ~ f t h e  e i g h t  p i l o t s

selected the G round Speed d i~~p lay as their t ir st cho: l~ and two pr~-f . -rr t-d

the Wind Difference indicator . There was con si-~l, i b ly l e s s  c-on s -n- ~t t s  i n

t h e i r  s e l e c t  ions of the  s t -  t a d — b e s t  a i d i n g  c o n c e p t . t i  t h  ai r p i i t t  s

choosing some v e l s  ion ol lIe Wind D i f f e r e n c e  l n d i c - . l t L t r , t h ~~+ -~ - p i t  r r i ” ~
-.

t h e  INS W i n d  R e a d o u t , a n d one rt- tict in t lv stating t h at  t i l e  ~~i t  i - \ l v i t ’  - i  i e s

w o u l d  be h i s  s ean d  cho ice . P r t - f  : I - I i C I -~ . - x p r t - s se d f o r  the W i n d  D i i  I i i c i-

L - 4 - 4
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I n d i ca t o r , as either a first or second choice , were accompanied in all

instances by the qu a lific ation that the panel mounted test display was

unacceptable due to its location out  of the normal  instrument scan and

to difficulties in reading the disp lay.

The completed questionnaires received some time after the run

series from five of the eigh t pilots tended to confirm the rankings of

G round Speed and the Wind Difference Indicator as the most useful aiding

concepts. The questionnaire also called for a rank ordering of the —

other aiding concepts , includ ing VAST and the VDP procedure. There was

very little agreement among the five respond ing p ilots regarding the

particular ranking of each concept . For example , the INS Wind Readout

was ranked from first to ninth , Shear advisories were rated from third

to tenth , and the Head-up Display was rated from third to ninth . How-

ever , the pattern of choices could be reduced to the following rank

ordering:

1st Ground  S peed

2nd VAST

3rd H e a d - u p  D i s p l a y  of Wind  D i f f e r e n c e

4 th  INS Wind  Re adou t

5 t h  Head- t ip  D i s p l a y  of F l i g h t  P a t h  A n g l e

6th  P a n e l  D i s p l a y  of  W i n d  D i f f c - r e n c e

7 th  S h e a r  Adv isor ies

8th  Pane l  Disp l a y  of F l i g h t  P a t h  A n g l e

9th VDP Procedure

1.0th VS T -G round Speed P l t ~~a r l .

P i l o t  c r i t i q u e s  of - i c h  a i d i n g  c o n c t - p t , t e - 1 -d on t e s t — s e s s i o n

d e b r i e f i n g s  and  on t h e  o b s e r v a t i c t n s  af  t t -~- t  p e r s an n t - l , a r t - s unn i . t r i z -d

and discussed below.

2. Ground Speed Displ:t v

The r a t i o n a l e  mos t  o f t  en g iven  f o r  t h e  f i r s t  -p 1 - i c e  r - i i i k i n g  of - 
-

this aiding concept  was that it ‘- a s  e a s y  t o  r t - .ad and i n t e r p r e t .  They

l iked the conven ien t location , clear ly w i t h i n  t h e  n o r m a l  i n s t  rumen t scan
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d u r i n g  the  a p p r o ac h , and i t s  c lo se  a s s o c i a t i o n  w i t h  indicated airspeed .

One p i l o t  summed i t  up II f~~~ w a y :

“The ground speed , espec ~l v a . . C  a i r sp e e d  m d  i c a t o r  where
it ’s so in the field of S C I c  a l t h e  t im e , makes  you very
aware  of w h a t  the  wind is -~~1 h ow  i t ’ s c h a n g i n g  and what  to
expect from a shear stan ’~p- i nt , hi~ ed on what ’s being reported
on the  ground .”

Some of th1- p ilots reported that they used the ground speed

d i s p l a y  to c o m p u t e  t he  e x i s t i n g  h e a d -w i n d / t a i l - w i n d  componen t , and t h e r e

were some comp laints abou t this computational workload . It seemed

obvious that there were large differences in the understanding of how

ground speed was to be used . Itt the words of one pilot , “You told us

what it was going to do , bu t  not  how I’ m supposed to r eac t  to i t  f rom a

p ilot ’s stand point .” The comment is well taken ; unless the subject pilot

was a l r ead y somewhat  f a m i l ia r  w i t h  a concept , the  f o u r  approaches  devoted

to th a t  concep t  p r o b a b l y  d id  no t  give him t ime  to d e v e l o p  h is  own n o t i o n

.15 t o  h ow b e s t  t o use it. Even if we had been a b l e  to b r i e f  on s p e c i f i c

use  t e c h n i ques , t he o p p o r t u n i t y  f o r  l e a r n i n g  or r ehea r s ing  them would

be very limited within the four approaches.

The g e n e ra l  consensus  was t h a t  h a v i n g  ground speed displayed

on the  a i r s p e e d  i n d i c a t o r  was h e l p f u l  and a p r e f e r r e d  l o cat i o n , bu t t h a t

adding a second ~~~~ of a differen t color , would be b e t t e r  than  p r e e m p t i n g

the command bug. It was also suggested by one pilot that t he  Mach l i m i t

ne edle (“b~t rtter pole”) could be used to display ground speed , since the

>lach limit is of no importance during approach and landing. Another

p i l o t  s t - .~ge s t e d  t h a t  t h e  ground spt cd display might be combined in some

f a s h i o n  w i t h  t h e  s l o w — f . - t s t  i n d i c a t o r ; h i s  r erj - on for  -~i ic z g t s t i n g  thi s t.-~ s

that the airspeed bug was  no t  p a r t  of  h i s  scan on short final-—below

abou t 500 feet.

One o f th ~ p i l o t s  who d id  n o t  set - t h i s  c o n c e p t  as especial ly

h e l  o f u l  c o m m e n t e d  t h a t  t h - - u s e  of the airspeed command bug for ground

speed ic t i t a l  l y d i  r t i ; , t -d h i s  no rmal  s c a n , and t h a t  t h  i s w o u l d  r e q u i r e

h i m  to se t  up a whole new scan procedure , which would take more t ime

t h a n  was a v a i l ,-tb 1- - du r i n g  t:ht - stud y. I-li - wa s a l s o  conc e l - n l - & abou t  tht -
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p o t e n t i a l  f o r  c o n f u s i n g  the  g r o u n d  speed bug w i t h  command a i r s p e e d . Hi s

contention was:

.you ’ l l  h a v e  to  change  t h t -  f o r m a t . I t ’ s t o t a l l y  unaccept -
ab le  to have it  above thc  a i r s p e e d  i n d i c a t o r .  When i t ’ s a t
either end of the indicatio n then it ’s out of your scan be-
cause it ’s not within the range of airspeeds you ’re using on
the approach--you have to hunt for it , and then you ’ve lost
the f l ight director. Conversel y, when it is c lose  to approach
airspeed iadic itions , you have a t e n d e n c y  to go a f t e r  i t ...
it moves and u n c o n s c i o u s l y you add or sub t r a c t  powe r , p u l l  the
nose up or down to chase  a f t e r  i t . No m a t t e r  where  i t  was ,
i t  was c r e a t i n g  problems. ”

Crew c o o r d i n a t i o n  and c a l l o u t s  were  a l so  f r e q u e n t l y m en t i o n ed

in connection with the ground speed display. Apparently, i t  wou l d be

a c c e p t a b l e  to some p i l o t s  to have the  f ir s t  o f f i ce r  or f l i gh t  e n g i n e e r

c a l l i n g  out  ground speeds , winds , or d r i f t  componen t s .  The c a l l o u t s

were sugges t ed  as a means  of r e d u c i n g  the  p i l o t ’s workload , e spec i a l l y

in m e n t a l  c o m p u t a t i o n .

3. Wind  D i f f e r e n c e  I n d i c a t o r

Pilot a s s e s s m e nt s  of the  Wind D i f f e r e n c e  I n d i c a t o r  were  mixed ,

r a n g i n g  be tween  the  op in ion  of one p i lo t  t h a t  i t  was “ very  e f f e c t i v e  and

w o u l d  r educe  o p e r a t i o n a l  w o r k l o a d ”  to t h a t  of o the r  p i l o t s  who sa id  i t

“wasn ’ t wor th  a damn ” a nd “a c t u a l l y degraded  p e r f o r m a n c e . t ’ The p i l o t s

who rated this concept hi gh said they liked it because it gave them some

a n ti c i p a t i o n  of the  s h e a r - -a  f e e l i n g  f o r  what  l ay  ahead of them on the

a p p r o a c h - - a n d  b e c a u s e  i t  was t he  on ly  a i d i n g  concept  in t he  se t  t h a t

could  be c l e a r l y r e l a t e d  to a p i lo t  a c t i o n  f o r  cop i n g  w i t h  the  shea r .
— As they said it:

“The reason I f e e l  we a r e  bo th  c o m m e n t i n g  on t h e  w i n d  met er and
t he a i r s p e e d  i -  that they ’re the only ones that art - giving us
information as to what ~s oing to happen to ti s and what we ’re
suppose  to do before it happens. The rest of t b -  S t i i  ff is

a f t e r  the  f a c t . . .  I t  d t t s n ’ t do any good to  a n t i c i p~~t t ~ a sh t - t r
beca use  you don ’ t c i r e , vo l t  know the  shc- .ir ’s t h e re .. .You w a n t
to know wha t  you ’ re supposed  to do to  get t h r o u g h  it , and  t h e s e
are the only things that hel ped us . ”
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W h a t  the p i l o t s  were  supposed to do , o f cou r se , if  they  a d o p t e d

the  p rocedure  sugges t ed  in the  b r i e f i n g s , w as to  “ pad ”  t h e i r  p r e v i o u s l y

s e l e c t e d  app roach  a i r s p e e d  b y t h e  f u l l  am o u n t  of any negative reading of

the Wind Difference Indicator . Most of the p ilots did experiment with

this rpeed pad but in most instances did not add as much airspeed as the

wind  m e t e r  ca l l ed  f o r . Som e of t h e  p i l o t s  were  u n c e r t a i n  a b o u t  when in

the  approach  to app ly (or remove~ t h e a i r speed pad and they seemed reluc-

t a n t  to be l i eve  t h a t  excess a i r s p e e d  woul d in f a c t  b leed  o f f  p r i o r  to

touc hdown . Q u o t i n g  one pilot: “The read ings  were somet imes  hard  to

believe , but they turned out to be true. ”

We had a n t i c i pa t ed  t ha t  p i l o t s  would h ave  som e d i f f i c u l t y  w i t h

the  Wind D i f f e r e n c e  concept  because t h e  i nd i c a t o r  does not  respond d i r e c t l y

to control  i n p u t s , bu t  onl y to the  e x t e r n a l  wind env i ronment . A change

on the  m e t e r  is thus seen on ly  when a change occurs  in winds on t he  s u r -

f ace  o r a t  t h e a i r c r a f t ’s pos i t i on . C o n t r a r y  to  our  e xp e c t at i ~ons , however ,

p i l o t s  repor ted  no d i f f i c u l t y  in th i s  a spec t  of m e t e r  u s a g e .

The l o c a t i o n  of t he  wind m e t e r  on the  panel  in th c- a rea  above

t he a l t i m e t e r  was a problem m e n t i o n e d  b y n e a r l y c-very one of t i l e  e v a l u a t o r s .

The p i l o t ’ s n o r m a l  i n s t r u m e n t  scan does no t  i n c l ud e  t h i s  i r a  and  tIi~~v

f e l t  t h a t  some t r a i n i n g  would  be n e c e s s ar y  b e f o r e  t h e . - wou ’d  be able to

sca n i t  r o u t i n e l y .  The t e s t  d i s p l a y  used  f o r  t h i s  concep ~ wa s  a l s o  s m a l l

ar ~d poor ly  l i g h t e d  and t h e r e f o r e  ha rd  to read . The mos t  c~ r - :~1on s u g g e s t i o n s

f o r  improv ing  the  concept  c e n t e r e d  on revamp ing the  d i s p l a y  and l o c a t i n g

i t  n e a r e r  the  r a d a r  a l t i m e t e r  or a i r s p e e d  i n d i c a t o r — — i .e ., on t i t h e r  s i de

of t he  ADI . Two p i l o t s  f e l t  t h a t  the  p o s i t i v e - n e g a t i v e  sense  of the  d i s -

p l ay  should  be reversed , so t h a t  n e g a t i v e  r e a d i n g s  v-c u l t !  I t -  above zero

and mean  t h a t  power s h o u l d  he ~kit -d t o a c h i e v e  a c o r r e s p o n d i n g  i n c r ea s e

in a i r s p e e d .

The wind  d i t  f e r en c e  m l  o r i n a t i on  was , c i  c ou r s e , d l  s p l t v t - d  h e a d —

up  as w e l l  as he t d — d o w n  . P i l o t  comments  m d i  c a t  ~
- that t In - head — l i p  d i  sp i  iv

w a s  a lmos t  u n a n i m o u s l y  pr t - f r red , a l t h o u g h  t h i s  m ay  h i v e  be -n a “ha lo

e f f e c t ” t h a t  car r i e d  over  f rom t h e  g e n e r a l l y  p o s i t  i v1 - evaluations of t h e

1W!) c o n c e p t . U n q u e s t i o n a b l y , t h e  W i n d  D i  f f t - ren c t- T n d  i c a l o r  was  much
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e a s i e r  to see in the  HUD , and t h i s  may a l so  have c o n t r i b u t e d  to the  com-

p a r a t i v e l y  h ig h r a n k i n g  of the  HUD when the  wind i n f o r m a t i o n  was i n c l u d e d .

In t er e s t i m g ly, when p i lo t s  were asked in the  q u e s t i o n n a i r e  whe the r  the

wind me te r  was b e t t e r  f o r  de t ec t i f lg  or f o r  cop ing w i t h  wind shear , mos t

of the  responses i n d i c a t e d  t h a t  the  head-down m e t e r  was b e t t e r  fo r  d e t e c t -

ing shear, while t h e  HUD wi th  wind m e t e r  was b e t t e r  fo r  coping w i t h  shear.

A frequently reported advantage for the wind meter was that

i t  eliminated the mental computations associated with estimating wind

effec ts when parameters such as INS wind or ground speed are used . The

pilots in this evaluation were very sensitive to any requiremen t for

m e n t a l  c o m p u t a t i o n s  d u r i n g  the approach , wi th  t h i s  s e n s i t i v i ty  most

often manifested in reports of increased workload . Op inions as to the

effect of the wind meter on o p e r a ti o n a l  workload  were a lmost  evenly  d iv ided

between increase and decrease. Location and display format were cited as

r€-asons for the expected increase in workload .

4. Head-up  D i sp l ays

P i lo t  r eac t ions  to the  hea d -up  d i s p l a y s  were more complex and

v a r i e d  than fo r  a n y  of the  o the r  aid ing  concepts . Thei r  ove ra l l  r c - a c t i o n

was p robab l y bes t  expressed by the p ilot who commented that “ . . . on the

f i r s t couple  of runs I was kind of in the  d a r k , bu t  then we s t a r t e d  g lu-

ing  each i n d i v i d u a l  p i e c e  t o g e t h e r  and I think it makes  more  s e n s e - - a t

t h i s  po in t  I t h i n k  i t  w i l l  d e f i n i t e l y  have some v a l u e  if  we can so r t  i t

a l l  o u t . ” This  p i l o t  was r e f e r r i n g  to the  s e p a r a t e  e l emen t s  of t he  b a s i c

d i s p lay  f o r m at , h u t  t he  r e a c t i o n  app l i e s  more  g e n e r a l l y  to the  many  unre-

solved issues assoc iat with the b e n d — u p  disp lay (MUD ) concept and its

app l i c a t i o n  to t h e  w i n d - s h e a r  p r o b l e m .

The mos t  o n t l i i e i a s t l c  :dvocate of the MUD concept was a p i l o t

who had a r e m a r k a b l e  ab i l i t  y t a screen  on t t i i t - f i e r y  t rciuhl esaint - f e - i t  u r i s

of the concept .-ind to n e t -  only those 1 - I - a n - n t s  of t h e  d i s p l a y  that ii , f o u n d

help f ul. He felt that t Iit ~ ref c-renc e Flight—p ath arn . l e e l e me n  ( t I i ~- c i r—

d c )  , togetht -r with airspeed , vt -r i- excel 1 ent a 1 ti ~ for detecting and cop-

in g  w i t h  t h e  l o w — h - v t - I  she — i r , t - s p t - c i ~ i l l y  f o r  t h e  t r i n - i t  ion t reni i n s t i l l —

m e n t s  to v i s u a l  r e f e r - n c - . l lc iwt - vt -r , t h i s  p i l o t  d i - l i b e r i t  e l y  e x i l u t l i - d
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t he  f l i gh t - p a t h  a n g l e  and p o t e n t i a l  f l i g h t - p a t h  ang le  e l e men t s  f rom h i s

scan on h is  i n i t i a l  exposures  to the  HIJ D and i nc luded  them l a t e r  on ly

because  he f e l t  an e v a l u a t i o n  of t hese  e l emen t s  was expected .

The o t h e r  e v a l u a t o r s  d id  not  a t t e m p t  to “ sor t  i t  a l l  out ” in

th i s  manner  and g e n e r a l l y  a t t e m p t e d  to use  the  f u l l  HUD f rom the  o u t s e t .

T h e i r  assessments  of the  p o t e n t i a l  u s e f u l n e s s  of the  HUD were g e n e r a l l y

positive , but a l l  of them had some kind of c o m p l a i n t  abou t  wha t  was pre-

sented , how it was displayed , and/or how to use the disp lay. Onl y on e

of the e ight pilo ts felt that the HUD, as it was represented in the s imu-

la t ion was “not acceptable at all. ” His criticisms of HUD ranged from

a conviction that the display elements dynamics did not match the response H

of the  a i r c r a f t  to his  c o n t r o l  i npu t s , to a r e j e c t i o n  of the d i s p l a y  con-

t e n t  and f o r m a t  as “ i n c o m p l e t e” (no ILS i n f o r m a t i o n )  and “p r i m i t i v e”

(relative to an opera t ional system he had f l o w n ) .

There v- is a definite trend towa rd more positive acceptance of

the HUD with increasing exposure across the three sessions in which i t

was used . Pilot comments following the firs t session were more often

n o n c o m m i t t a l  (e.g., “It ’s a new concept.. .1 found it very interestin g” ;

“ I t  was less d i f f i c u l t  to f l y  t h a n  I a n t i c i p a t e d ” )  and onl y two of t h e

eigh t p ilots felt they had a d e q u a t e  t ime  to e v a l u a t e  the  concep t .  A f t e r

the  second s e s s i o n s , the  comments  were more in terms of s p e c i f i c  ways

the HUD was hel pful and four of t he  p i l o t s  f e l t  the  t im e fo r  e v a l u a t i o n

was adequate. Finally, after the third exposure , terms like “outstand-

i ng , ” “ h i g h l y s u c c e s s f u l , ” “c e r t a i n l y  an a d v a n t a g e , ” and “very u s e f u l ”

appeared in the pilot comments.

The MUD featur t-e cited most often as l i m i t i n g  i t s  o p e r a t i o n a l

us - f u l n e s s  w e r e :  - -

( I )  The l a t e r a l  d i s p l a c e m e n t  of the 3-degree flight-path
r e f e r e n c e  c i r c l e  in a s t r o n g  c ros s-wind  s i tu a t  ion.

(2) Th e e x c e s s i v e  a c t i v i t y  and i n s t a b i l i t y  of t he  f l i g h t —
p a t h  an g l e  and p o t e n t i a l  f l i g h t - p a t h  a n g l e  e l e m e n t s ,
i - s p e c i a l l y in t u r b u l e n c e .

(3) T i l l -  ap p a r en t l a c k  of cohe rence  i n  the overall displa y
c o n f i g u r a t i o n — — i . e - . ,  i l i t ’  t e n d e n c y  fo r  t h e  d i s p l a y  i - - l i - —
ments to move -ip art or in seemingl y unre l .att- d w ay s ,
during t ii& s l i t - a r  e n c ou n t e r .
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(4) The lack of a clear and easil y used pitch (or angle
of attack) reference; the a i r c r a f t  symbol was unan-
imousl y considered to be too far away to be useful ,

The most positive comments relating to the head-up disp lay of

fligh t-path angle were those associated with the IFR-VFR tr~.ttsition con-

dition. One pilot stated that:

“...what I had then was excellent--very, very good . I couldn ’t
sp eak enough for having that airspeed presentation there with
the circle , in that order of prio rity, and then the flight path
angle bar s. . .The m i n u t e  tha t  a i rspeed s t a r t e d  to move , to decay ,
and it was not responding to my throttle response , and then when
I looked over and saw that the predicted glide path angle circle
was moving towa rds me, I knew , there was no doubt in my mind ,
t h a t  the p r e s e n t  a i r c r a f t  c o n f i g u r a t i o n  was no t  go ing  to r e so lve
it . . .So I have to app ly different techn iques--flap retraction ,
go-around low . No doubt  I had cues t ha t  I n o r m a l l y would  not
have got in t h a t  t ime ly  a f a s h i o n .”

Pilot assessments of the potential flight-path angle bars were

g e n e r a l l y n e g a t i v e , p r o b a b l y because  of t h e  u n f a m i l i a r i t y  of the  informa-

tion provided and of the excessive activity of this disp lay element rela-

tive to the flight-path angle bar. However , most of the pilots did think

th at they provided antici patory information for manag ing airspeed . This

display element was the one pilots most often ignored or felt they needed

much more experience with for a proper evaluation .

5. INS Wind Readout

Seven of the eight p ilots commented that the INS Wind Readout

alerted them to the shear condition by providing information they could

compare with tile surface wind report. All of them were familiar with

the potenti al usefulness of this concept and thought t he  availability

of current information on the winds presentl y affecting t he  airplane

wou l d help them man -ugi - the approach .

As we anticipa ted , the negative comments were directed to the

difficulty in including this information in the norma l  instrument scan

during in approach  and to the ment al workload required to monitor and

detect si gnificant changes in wind effects. The almost unanimous posi—

t ion taken on the ri - -el ut ion of thes t- prohi ems was to a s si gn t h e  I NS
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m o n i t o r i n g  t a s k  to the  F i r s t  O f f i c e r , and have him ca l l  out s i g n i f i c a n t

wind changes and/or potent ial shear conditions.

6. Shear  A d v i s o r i e s

Seven of the eight p ilots felt that the wind-shear advisory

messages would help them to anticip ate the occurrence of significant

low-level shear and that it would be desirable to have this information

prior to starting the approach . Mos t of the pilots stated that they

would m o d i f y  t h e i r  u sua l  app roach  m a n a g e m e n t  p rocedures  on the  bas i s  of

the shear advisory ; however, only three of eight pilots actuall y indicated

tha t they would not proceed after reading an advisory. In the four in-

stances where pilots did elect to go-around on reading the advisory, we

requested that they attempt the approach for data ; three of these ap-

proaches resulted in short landings (in the approach lights) and one in

a go-around .

The principal difficulty with advisories represen ted in this

s tudy, accord ing to seven of th e eigh t p i lo ts , was that the structure

of the messages was too complex and the language was not sufficiently

cl ear . In the words of one evaluator:

“The criticism is that it needs to have a format change in that
there is too much verhi~ ge in it and it ’s not structured ...
You ’re talking about ‘positive and negative ’ and ‘head wind-
ta il wind ’ all in the same report and format. That is definitely
a very negative value. . .lt ’ s too lengthy and voluminou s to be
a good memory item .”

In one way or ano ther, most of the pilots put in a plea for

both brevity and for some way of o r g a n i z i n g  the  i n f or m a t i o n  b y a~~p r a -~ch

se~~n en t  or a l t i t u d e s  so that t i n - v  c o u l d  get a c l e a r e r  p i c t u r e  of wha t

to expect  and where in the a p p r o a c h  i t  would happen . The s u g g e s t i o n  of

two of the  p i l o t s  was to d e n  be t he  v inc i  s h e a r  ef f e c t — — i . e . ,  an e x p e c t e d

c h a n g e  in a i r speed , r a t h e r  t h a n  t h e  ch an g e s  in wind  v e l o c i t y  or d i r e c t  ion ;

“ I  would say t h a t  if  you gave th i -  w i n d  and when - t he  shea r  t a k e s  p l a c e

and say expect a 15-knot c h a n g e  of a i r s p e e d - - o r  d rop  in a i r s p e e d - - t ha t

would be a big hel p.” Most of tile pilots felt that they would need some

sort of reminder of reported shear conditions as the approach proceeded .
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The general recommendation was to have the First Officer call out the

expected changes to alert the p ilot flying the ipproach , but there  was

little agreemen t on when and how this might be accomp lished.

One of the pilots had a high regard for the shear advisory

i n f o r m a t i o n  but  was susp icious of a c t u a l l y g e t t i n g  it in the operational

situation :

“They were m ag i c , r igh t on t a r g e t .  They were p r a c t i c a l ly equiva-
lent to a display, but of course in the real world you wou ldn ’t
see this because no one could update the rap idly changing condi-
t ion on the approach to g ive you t h a t  kind of i n f o r m a t i o n . . .1
felt that to try to app ly the advisories directl y to the fligh t
could lead into a trap. You ~ot i l d  be in a n t i c i p a t i o n  of some-
th ing  tha t  wasn ’ t r e a l l y going to h ippen  or i t  m i g h t  a c t u a l l y
be the reverse . ”

Two of the p i lo t s  mentioned an unexpec t ed  e f f e c t  the  adv i so r i e s

m i g h t  have on the  p i l o t ’s a n t i c i pa t i on  of s h e a r :  t h a t  it m i g h t  make  them

too app rehens ive  and o v e r - r e a c t  to the  a c t u a l  shear  encoun te r . One of

them said he would sometimes imagine  the  s e v e r i ty  of t he  shear  to be

g r e a t e r  than  i t  a c t u a l l y turned  out  to be . The o t h e r  p i l o t  repor ted  t h a t

h is apprehension led him to try to out-guess the shear rather than follow

wha t  h i s  i n s t r u m e n t s  were t e l l i n g  him , and t h a t  t h is  r e s u l t e d  in an un-

n e c e s s a r y  go-around .

7. Panel  D i s p l a y  of F l i g h t - P a t h  A n g l e

P i l o t s  were unanimou s in  t h e i r  r e j e c t i o n  of t h i s  concept , pri-

man ly on the bas i s  of i ts  poor loca t ion  and t i -ic d i f f i c u l t i e s  they  had

in both  r e a d i n g  the  i n s t r u m e n t  and a p p r e c i a t i n g  t h e  relevance or usefu l-

ness of the  i n f o r m a t i o n  i t  p r o v i d e d .  A l l  of t h e  e i g h t  p i l o t s  comp l a i n e d

a b o u t  the deficiencies in how the information was presented , with one

pilo t expressing it most succinctly:

“The damned p r e s e n t a t i o n  is  t o o  s m a l l  to be of any  good .
You ’ve got to get  i t  on a b i gge r g a u g e  and a b i g g e r  n e e d l e
and may be t h e n  i t coi i l  d show you t h a t . . . I ‘in n o t  s u r e  t h a t
even then it would tell you much down when you get ou t  of
400 or 500 f eet, and where it cu ts iffy whether you ’re go-
ing to make the runway or not with she.ir. ”
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The l a t t e r  pa r t  of t h i s  p i l o t ’s s t a t e m e n t  is impor tan t  because

it points up the fact that even with the disp lay problems resolved , p i lo ts

might not find the information particularly useful . It was the on-site

Tes t Direc t or ’ s impress ion  t h a t  the  panel  d i s p l a y  of f l i gh t - p a t h  angle

was not used by at leas t ha lf of the pilots; perhaps the poor presenta-
t ion  allowed them to evade t h e  more t roublesome t a sk  of a t t e m p t i n g  to

understand and use the  i n f o r m a t i o n .  P o s i t i v e  assessments  of the opera-

tional usefulness of flight-path angle information tended to be vague and ,

in almost all instances to be qualified by the assertion that some other

instrument did a better job of providing the same information . The fol-

lowing quotes are typical:

“The information is useful and interesting when you initiate
the approach and as long as cond i t i ons  a re  r e l a t i v ely s tead y
s t a t e  i t  does give you an i n d i c a t i o n  tha t  is u s e f u l . .  .1 per-
sona l ly  don ’ t see any advan tage  of th is  over a ground speed
d isplay.”

“I th ink i t  provided a c lue  to me of whether  I had a t a i l  or
head wind because that ’s about all it did for me. I could
de t ec t  the same t h ing  b a s i c a l l y  on the IVSI. ”

“It  was very  easy to recognize  head wind and t a i l  wind wi th
relation to the pointer. But that was basically about the
onl y v a l u e  I was ab l e  to get out  of i t . ”

Four of the  e i gh t  p i l o t s  s imp l y r e j e c t e d  the concept , say ing

“ ... it was j u s t  s o m e t h i n g  I was t r y ing  to do becaus e it was there and

you guys asked me to do it .. .1 wouldn ’t use it , I wouldn ’t even look

at it or use it at all.” “I don ’ t l ike  i t ;  I wouldn ’ t want  i t and hav e

no use for it.” “Can I use f o u r  l e t t e r  wo rds? I didn ’t care for the

instrument. ” More significant than the common complaints about the

out-of-scan location and po or r e a d a b i l i t y  of t h e  J i s p lav  ~‘eru- the comments

of two of the  p i l o t s  t h a t  a t t e m p t s  to use the disp lay on thc- low end of

t h e  app roach  would d e g r a d e  t h e i r  con t ro l  of the  a i r c r a f t  b y r e f e r e n c e  to

p r i m a r y  i n s t r u men t s  or  e x t e r n a l  v i s u a l  r e f e r e n c e .

8. VSI Ground Speed Placard

Most of the p i l o t s  were i n t r i g u e d  w i t h  t h i s  dev i ce  and f e l t

t h a t  i t  had som e m e r i t  in a l e r t  ing  them to  wind  sh etr whenever  t i -icy cou ld
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keep the approach reasonably stable on the 3-degree glide path . They

all commented on the difficulty of includ ing the VSI in their scan and

of attemp ting to interpret the ground speed reading when the VSI needle

was bounc ing around in turbulence. Some of them felt they could do about

as well using other instrumen t indications , and none of the pilots felt

s trongly about adopting this concep t.

D. Approach Outcomes Using Aiding Concepts

An overview of approach outcomes is presented in Figures 15 and 16

f or each of the candida te pilot a iding concep ts j u s t  d iscussed.  The data

plots are the proportion of go-arounds and within-limits approaches , and

were derived following the procedure described earlier for baseline condi-

— tions (see Section IV-B). Data points are again coded to show the dif-

feren tial effects of the four wind-shear condi t ions . The first tes t cond i-

tion in each figure (BL) represents baseline sys tems performance on the

pilot’s second exposure to the shears (ILS 2 in Figure 14), and was in-

cluded here to facilitate the contrast with performance using the aiding

conceptS.

Figure 15 presen ts the approach outcome summaries for the shear

advisory (ADV) and the aiding concepts representing alternative ways

of augmen ting exis t ing panel instruments . All of these “head-down”

concepts were evaluated under the same set of test conditions--i. e.,

full ILS guidance, manual control using fligh t  d i r e c t or , Ca tegory 1

weather (2400 feet RVR), and the same runway environment. Also , the

da ta points shown for each test shear are all based on eight runs, one

for each evaluation pilot.

Appro ach outcome summaries for the Head-up Disp lay (HUD) aiding

concep t are presen ted sep ara tely in Figure 16 to call attention to the

fac t that test conditions for evaluating this concept were not the same

as those just cited . It will be recalled from the discussion of stud y

procedures in Section III that all eigh t pilots were exposed to the HUD

in the same order. On the first run series , the basic BUD (no wind dif-

ference inform ation) was used as the primary reference for flight-path

H ~~~~~~ ~~~~~~~~~~~~~~~~~ ~~~~ - .
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control throughout a n igh t  v i s u a l  a p p r o a c h ; no g l i de- s l o p e  g u i d a n ce  was

available on these runs and v i s ib i l i ty  was u n r e s t r i c t e d . (This c o n d i t i o n

is identified in Figure 16 as HUD VIS). The second HUD ser ies was an

ILS approach similar to basel inu- conditions down to the breakou t altitude

of 400 feet; at  t h a t  p o i n t , however , visibility was unrestricted and the

p ilot transitioned to e x t e r n a l  v i s u a l  r e f e r e n c e  u s i n g  the basic BUD (HIJD

T RAN S in Figure 16). Test conditions on the third HUD series were again

u n r e s t r i c t e d  v i s i b i l i t y  w i t h  no g l i d e  s lope and the p i lo t  used the 1-IUD

with the Wind Difference Indicator incorporated (BUD t~W in Figure 16).

E . Con trast with Baseline - Performance

The gene ral pattern of approach outcome data plots reflects the

expected confounding of differences between aiding concepts with dif-

fe rences  in the  wind shear profiles. Higher go-around rates for the

“head down ” a i d i n g  concep t s  are c o n s i s t e n t l y  a s s o c i a t e d  w i t h  the thunder-

storm shear (WS-4), but this trend is not apparent for the HUD. For the

o t h e r  shea r  p r o f i le s , the re  is a t rend  towa rd lower go-around r a t e s  rela-

t ive to baselin e- , but no obvious differences across aiding concepts.

The pattern of data p lots for  w i t h i n - l i m i t s  approach outcomes  a t

100 feet and at touchdown does begin to show som e differential effects

f o r  a i d i n g  c o n c e p t s .  The f o l l o w i n g  c o n t r a s t s  with b a s e l i n e  p e r f o r man c e

are noteworthy:

( 1) At  t I l e  1 0 0 - f o o t  p o i n t , approach outcomes  were g e n e r a l l y
worse  t han  b a s e l i n e  for  the  Shear Advisories and VST-
G r ound sp eed  c o n c ep t s ;  som e improvement  over b a s e l i n e  pe r -
formancu- is indi L ted far the Ground-S peed concept on
p r o f i 1~ 

‘u ned  for t h e  IWO t r a n s i t i o n  c o n d i t i o n  on s h ear s
1 ~nd 3.

(2 Touchd owe d a t a  indj a t C  some i m p r o v e n h t - n t  over h a s e l  inc
pu r f -o nn ; i t ce t or a of t he  a i d i n g  concep t s  excep t  the
Shear  - \ i T \ j S u i F j C S  and t he  i n i t i a l  BUD s e r i e s  (HUD V I S ) .

(3)  T m or ~~ - - - m - n t s  c ,- ~- & - r  ii~~~ -l i n c  in touchdown p e r f o r m a n c e
. l p p e I r  to ~~

- most cons l s L u - n t  (ac ross  s h ear  c o n d i t  i o n s )
a n d  of g r u  -~ u e r  m agnitude for the VSI—Cround-S peed and
lilt !) t r i n s i  i o n  c o n cep t s , in th a t  o r d e r .

+~~ l’ou u I r ~t t  ‘r1~~rrl.~n u  t - was g e n e r i l  ly bet t - t h a n  approach
ou t  come s  i t  100 f e tt  and l e s s  v a r i a b l e  across  sh e ar s

h nd i c u s  t h i t  p i l o t  s were o f t  en a P i  t o  e nuiver t Ill

o u t — o f — l i m i t  s i p p u ~~ n . h  to i w i t h i n — I  i m i t s  t o u c h d o w n .

58 



F. Contrast with Pilot Assessments

The correspondence between approach outcomes and pilot ratings of

t he  most  he lp fu l  a i d i n g  concep t s  is q u i t e  good f o r  the p i l o t ’ s f i r s t  and

second choices .  P e r f o r m a n c e  u s i ng  the  t o p - r a t e d  Ground Sp -ed d i s p l a y  was

not  as good as the  lowest  r a t e d  VSI Ground S peed p l aca rd ; cons idered  to-

gether , however , these data p lots indicate the potential effectiveness of

providing ground-speed  information to the  p i l o t .  A c o m p a r a t i v e l y h i g h

p r o p o r t i o n  of w i t h i n - l i m i t s  land ings is a l so  i n d i c a t e d  fo r  the Wind  Di f -

ference Indicator , especiall y when the h e a d - u p  ve r s ion  is cons ide red .

Hig h p i l o t  r a t i n g s  fo r  VASI are a l so  suppor ted  b y the d a t a  p lo t s  shown

earli er in Figure l~~.

It is also of interest to note that the performance using the  low-

r at e d  Shear  A d v i s o r i e s  was g e n e r a l l y  poorer  than  b a s e l i n e . However , ap-

p r o a c h  outcomes fo r  the  r e j e c t e d  panel  d i s p l a y  of f l i g h t - p a t h  ang le (PNL

F P\  in F i g u r e  15) were  about  the  same as b a s e l i n e . This  r e s u l t  is con-

s i s t e n t  w i t h  the  p i l o t  repor t s  t h a t , f o r  the most p a r t , they  did not use

t h e  head-down f l i g h t - p a t h  ang le i n f o r m a t i o n .

The r e l a t i ve  e f f e c tL e e n e s s  of the  c a n d i d a t e  p i lo t  a i d i n g  concep t s

can be summar ized  b y c o n s i d e r i n g  the same o v e r - a l l  r a t i o s  of w i t h i n -

l i m i t s  touchdowns  as those used in S e c t i o n  IV -B to c o n t r a s t  a l t e r n a t i v e

b a s e l i n e  c o n d i t i o n s .  These  r a t i o s  r e l a t e  the  number  of w i t h i n - l i m i t s

approach outcomes to the total number of approaches attempted across a l l

f o u r  shea r  c o n d i t i o n s .  The number  of w i t h i n - l i m i t s  l a n d i n g s  recorded

f o r  the  second b a s e l i n e  se r ies  ( I L S - 2 )  and f o r  each of the  c a n d i d a t e

a i d i n g  concep t s  ~r i-  as f o l l o w s  ( e a r r t - sp o n d i n g  p e r c en t  ~~~~ shown in p aren -

the zes , a r e  based on a t o t a l  of 32 runs  u n d e r  - u u ~ u a u d i t  ion) :

B~i s e l i r u u -  ( ILS-fl 17 (53 7~)
Shear Advi sory 13 (41 ~‘i
VSI—Gro uund S peed 20 (( I. )
INS W ind Readout 21 (bh .)
Ground Speed 21 ((uh
Wind I)ifterence iul di e- .It:or 21 (667,)
P an e l  F l i g h t P a t h  A n g l e  do (6T )
hID (Visual A pn roach) 15 (-~ 7 - ’

~
1W!) ( t r u n s  i t  i o n )  21
1-1110 (~ t in I d if f ren ci 2 ~ (8 1 ~-)
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V CONCLUSIONS AND RECOMMENDATIONS

The principal intent of this exp loratory stud y, as stated in the

introduction , was to provide an early determination of the need for im-

proved cockpit aids and procedures for coping with low-level wind shear

and to provide guidelines for the subsequent development and testing of

p romising p i l o t  a i d i n g  c o n c e p t s .  Summa ry s t a t e m e n t s  conce rn ing  the need

for improvement and the outcome of the survey evaluation of candidate

a id ing  concepts  a r e  g iven  below as the conclusions of this pha se of the 
- -

i n v e s t i g a t i o n .  Gu i d e l i n e s  fo r  subsequen t  e v a l u a t i o n  and testing of

these  a i d i n g  concep t s  a re  then  p r e s e n t e d  as  r ecommenda t ions  fo r  Phase  2.

A. Need for Imp rovement

Conclus ions  r e l a t i n g  to t h e  need fo r  improved pilo t a id ing  a r e  as

f o l l o w s :

(1) Approach outcome s under baseline conditions indicate that
pilots will not be able to cope successfull y with the
more severe  t o w — l e v e l  w i n d  shears  using existing flig ht
instr umin ts and procedures. Only 527~ of the manuall y
f lown p r e c i s i o n  ILS a p p r o a c h e s  r e s u l t e d  in w i t h i n - l i m i t s
la nd ings , and performance was slightl y worse for the
cou p led approach  and non-prec i s ion  approach  us ing  the
VDP p r o c e d u r e .  P r f o r m a ru ce was  somewha t better on the
VFR a p p r o a c h  u s i n g  VASI ( 7 1 %  w i t h i n — l i m i t s  l a n d i n g s ) .

(2) Pilots a r -  i~L-ile r uLl y unfami liar with the potential
hazard of severe low- levi- I s h e a r .  N o n e  if t he  e v a l u a t i o n
p i L o t s  in  t h i s  s t u dy ,  w i t h  p i l o t — i n — c o m m a n d  L i m e  a v e r a g —
ing a b o u t  1 ~ , ()0O i o u  rs , had ex p e  ri euice d shear conditions
as -n. v- - r u - a s  t h o se  r e - p r e s u - n t e d in  t i l e  s i m u l a t i o n .  I t  i s
a i - 0  i n s t  r u i c t i v i - . in this r e ga rd , to  n o t e  that t h e  ava ila—
bu lLy of w i n d — s i n - a r  au i v L i or i e s . a l e r t i n g  t h e  p i l o t s  to
the p r e s e n c e  of s u hs t an l  i i i  c-n a n  ge s in  w I I ld  speed and
di  r u - c t  ion  on t l i t -  approach . iii d t u i  L p r u i d u e e  a n ’.- i s p  r o v e un e n  I
i n  e i t u e  r a p p r o a c h  ou t come s ( L P u - v  w e r e  sH g l u t  Lv wor s e )  or
app r o a c h  m a u a g u - s u c - n t .

1~0

_ _ _  - - -_- — - - - -  ---- -- - --.“- —
—

~~~~
-
~~ ~~~~~~~~~—- -- - -- —

~~ — — - - ---- --



- 
- - -.~~ ------ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

---P------ 

~~~~~~~~~~~~~~~~~~~~~ I

B. Outcome s of t he  A i d i n g  C o n cep t  l~v a t u a r i o n

The following are the conclusions regarding evaluation of the  aiding

concepts:

( I )  Based on p i l o t  a s s e s s m e n t s , t he most i-o n-u s i n g  a i d i n g  con-
cept  was  t he  disp lay of ground speed in close a s s o ci a t i o n
with the airspeed indicator.

(2 )  P i l o t s  a l so  expres sed  a h ig h r e g a r d  f o r  the Wind Difference
Indicator , especiall y w h e n  this information was presented
in the  h e a d - u p  d i s p l a y .

(3) The a v a i l a b i l i t y  of some fo rm of verL ica l fli ght-p ath
• gu idance  and a i r s p e e d  managemen t  in t o r m a t i c u n in the HUD

was considered to be very  h e l p f u l  by most  of the  p i l o t s .
However , flight-path angl - and potential flight-path
ang le , as represented in the BUD simulation , were gener-
a l l y regarded as unaccep table because of excessive activ-
ity of the display e l eme n t s  in turbulenc e and shear and
because of the difficulties of interpreting the informa-
t ion provided.

(4) The panel disp lay of flight-path angle and potential
f l i g h t — p a t h  a n g l e  w a s  gen er a l l y r ega rded  as u s e l e s s ,
primaril y because of discrepancies in the location and
r e a d a b i l i t y  of the  d i s p lay  but  a l so  because  of d i f f i -
c u l t i e s  in interpreting the information and app lying it
to the wind-shear problem.

(5) Wind-shear advisory messages were assessed as a sound
operational concept (pilots wanted them provided in the
o p e r a t i o n a l situation) , but they were considered to be
too comp Lex and unclear to be useful. Changes in forma t
and language were strongl y recommended.

(6)  A pproach  outcome da ta  g e n e r a l l y suppo r te d  the  p i l o t
a s s e s s m e n t s .  However , d i f f e r e n c e s  in p e r f o r m a n c e  a c r o s s
aiding concepts did not appear to be s i g n i f i c a n t  excep t
fo r  the  c o m p a r a t i v e l y poor p e r f o r m a n c e  w i t h  the  s h e a r
advisorie s and initial runs using the 1110 .

(7) At i of t h e  a id log conc~ p is examined pray i u l e l SOniC 1ll~ - 

-

formation tha t the pilots could use to a n t i c i p a t e  w i n d
sli t-ar and/or to detect the effects of the shea r durin g
t h e encounLer. however , with only oiiu ‘~e u- p t ion 1 t h u
W i n d  )ifter enee Indicator) , no u xp lic i t giu!uhauu c - was
p r o v i  i t t  1 to  t h e  p i l o t s  fo r  u s i n g  th c  i i i  t o  1 151 t. ion a:
p l a n n i n g  t h e  a p p r o a c h , a s s e s s i n g  tlu- p r o g r e s s  itt t h e
approa c h , or t a k in g  - o r r u - c t i v e  a c t  101)5. P i  I o t - ~ I t —

p o r t e d  L i t t l e  d i f f i c u l t ’  in u n d e r s t a n d i ng t h e  h usic COi l—
cep t s . h u i t  t hey  did not  h u a v i - t i m e  to d e v e l o p  a met hod a t
u s i n g  the i n f o r m a t i o n  d i s p l ayed  to do a i t  t er  j a b  ol
cop i n g  w i L u  w i n d  s h e a r .

i i
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C.  R e c o m m e n d a t i o n s  fo r  P h a s e  2

the  f o l l o w i ng a r e  t he  r e c o n i n e n d a t i o n s  t a r  f u r t h e r  d e v e l o p m e n t  of

the aiding concepts in Phase 2: - -

(1) C o n t i n u e  t h e  develop~m -nL and  testin g of panel disp lays of
ground speed and wind dif t erence as the most promising
near—term aiding concepts.

( 2) F u r t h e r  d e v e l o p m e n t  of t he  f L i g h t — p a t h a n g l e -  aad  p o t e n t i a l
f l i g h t — p a t h  a n g l e  should be carried ou t  a ; i a l y t i c a l l ’.- a nd
w i t h  s i m u l a t i o n  to reso l ve the  p r o b l em o f t h e  i-xcc-ssi \-- e
a c t i v i t y  and i n c o r r e c t  r e a d i n g s  i_ n t u r b u l e n c e  and v e r t i c a l
wind shear.

( 3) Deve lop exp l i c i t  p i l ot  p r o c e d i ir t - s  fo r u s i n g  any a i d i n g
conc e~p t  se l ec ted  f o r  Phase e v a l u a t i o n  b e f o r e  a d d i L i o n a l
simu l a t o r  t e s t i n g  is s c he du l e d .

(4) C o n t i n u e  t h e  d ev e l o p m e n t  of wind shear advi ser ies as a
“hazard alert ’ message that will be availab le - to p i iots
whenever w e a t he r cond i t i o n s  jr- u the vicinit y t~f the ap-
proach or takeoff flig ht path are anticipated; ru-visions
to he forma t and language shoul .l be oriented toward

alerting the pilot to t n e  location of si gnificant shear
(position and altit u de) a n d  e~~~e - e L ed e i f e - c t s  ( e g . .
ma g n i t u d e  of a i r s p e e d  Loss )  r a t h e r  t h a n  a d e s c r i p t i o n of
the w i n d v e l o c i t y  p r o f i l e .

0. Cunc h i d i n g  ~ema rks

Uri c of the ::iore significant observations a t  P h a s e  1 r e s t i n g  was  that

the evaluation pilots did not expect shears of t he  difficulty or in t ensity

of those  u sed  in the program. As one team memb er  said . !Shears itt t h i s

ma g n i t u d e  a rc  not  on l y not  ~~~p e - t ed ,  t h ey  a re  not g i -n e r a l l y i n a g i l ”

I L  S Ll ~ercfore reco ;m-iie-nded that a i ri ire - t r a i n i n g  p r o g r a m s  i n c o r p o —

rd Ic ex p o su r e  Li’ s ev e r e  sh e a r s  - ant i  t h a t  11 -u i s  u - x p u  s i u  re inc h ide shears of

suc h n a t u r e  an d  intensi ty as to d~ c-t atc a go—around decision. The ra-

t i on a l e  f o r  t h i s  rec ommeii  l I l L i a n  i s  w o t o l d :  ( 1)  A i r l i n e  p i l o t s  s h o u l d

~ aware- ot the i~~t e u n i t y  ant i au -rnd v nnm ic i - I  t e e t s  t h a t  cha r a c t e r i z e

s, v u re s h e - a r  en v i  ron - ia - i - u t  s , an d  f l  t I l e  t r a i n i n g  p l & ’ e u - s s  sh~~ i l d e -mp h u a s i  xc

I t -  m e t  I h a t  a - i t - c  5~ 1) 11 10 go—a ro t und  i s app  ap r  t a t e -  i i i  l i t -  p ru -s t -fl ee oh

some s h e a r s .
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I t  is f u r t h e r  recommended t h a t  a i r l i n e  tm ining programs sp u- ci f i—

cal  ly t r ea t a erod ynamic  i - f t c  c t s of shea r  - W e - heard a number of eva liua -
t i o n  p i l o t s  comp l a i n  of s l u g g i s h  r e sponse  to  t h r o t t l e  i n p u t s  in the

s i m u l a t o r ;  we f e e l  t h a t  t he  s h e a r  e f f u -c i  s ma v  l a v u - be en  r e s p o n s ib l e  f o r

the “sluggish” acceleration. The pilot may have been tunable to di stin—

guish  be tween  t he se  aerod y n a n u i c  e f f e c t s  of the shear environment anti Liii

response  of the  s i m u l a t o r  t h r u s t  c o m p u t a t i o n  i t se l f .

Crew c o o r d i n a t i on  i s  an i m p o r t a n t  f a c t o r  tha t was  not  f u l l y  exp Lor e d

in this stud y. Evaluation pilots often expressed the dc-sire to h ave the-

first officer r e l ay  d i sp lay  i n f o r m a t i o n , such as speeds . alt i t uu d es , winds ,

errors , and so forth. Clearly, such c a l lo u t s  r e q u i r e  p l a n n i n g  and  coord i-

n a t i o n , bo th  to ensu re a r e l i a b l e  au i d  t ime ly f l o w  of  i n f o r m a t i o n  to the

p i l o t  f l y ing and to ensure- that at least one p i l o t  s t i l l  h a s  s u i t  i c i e n t

time head-up to permit visual detection of cues and/or other aircraft.

However , simp ly shifting part of the i n s t r u m e n t  scan to the  f i r s t  o f f i c e r

may not be an optima l way of unburdening the pilot fl y ing when low-leve l

shear occurs in the range of altitudes at w h i c h  t he  crew is “ g o i n g  v i s u a l ” --
i.e. , looking for or fly ing with reference to outside visua l elli s. The

onset of a shear  is more  d e t e c t a b l e  on i n s t r u m e n t s  t han  b y u n a i d e d  v i s u a l

r e f e r e n c e , and  i t  t h e r e f o r e  seems n e c e s s a r y  t h a t  crew p r o c e d u r e s  he eh€ ~
si gn ed  to e n s u r e  that one  p i l o t  i s  a lways  on instr uu une n t s for earliest

d e t e c t i o n  of t l i c - s h e a r .
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