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by the Flying Training Division of the Air Force Human Resources Laboratory (AFSC),
Williams Air Force Base, Arizona.
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BUFFET SIMULATION FOR ADVANCED SIMULATOR FOR PILOT TRAIN ING (ASPI)

I. INTRODt ’(’TION

The Advanced Simulator for Pilot Trainin g (ASPT) was delivered with a highly flexible motion
system mathematical model desi gned to investigate various motion cueing possibilities and serve as a
benchmark for future simulators. Included in this mathematica l model was a standard Link buffe t
simulat ion including the following buffe t elfects: (a) speed brake buffe t , (b) runway rumble , (c i  la nding
gear down buffe t , (d) landing gear in t ransi t  vibration , (e) landing gear down lock , (1) aero d yn amic (stall )
buffet , (g) touchdown bump, and (h) aerodynamic (rough air) buffet.

From the outse t , however , pilots complained that the simulation lacked “realism ” or was
“distracting. ” Additionally , there was no stick and rudder (control) feedback vibration during stall (spin~etc.) which most pilots felt was “required” for trainin g. Accordingly , Systems En~ neering Branch , Flying
Training (FT) Division , Air Force 1-lunian Resources Laborator y (AFHRL) ,  conducted a subjective analysis
of the buffet  cues require d for ASPI’ and develope d simp lified models for their implementation.  These
models were validated subjectively .

II. BU F FET C C I . ANALYSIS

Method
Two AFHRL /FT 1.37 research instructor pilots ( IP)  werc asked to provide detailed information

regarding the cue control for buffe t effects (a) throug h (h) listed previou sly. They were asked for minimum
response to the followin g four categories:

a. Frequency content

Identify factors contr ibut ing to the frequer ’ ~ ..ontcnt of the cue . What causes it to increase? Is it
correlate d with any other ins t rume nt  or aerod ynami c phenomenon?

b. Buffet magn itude content

As in (a), identify factors contributing to cue ma gnitude. Are magn itude and frequency related? If so ,
how?

c. Buffet direction

Does the buffet have any peculiar directional qualities or can it he noticed at a l l?

d. Bu ffe t onse t
Does the buffet onset directly to full ma gnitude , or does it builu up ” Is there any differ ence at all

between initial buffet response (say entering stall for example) and later response ( say , deep stall)?
Additionally, the IPs were asked to add any other comments they felt would aid in th e design of a bett er
buffet simulation.

Results
The resulting in forma tion , from both pilots, wi th respect to both the Link system and suggested cue

structuie were virtually identical . The essential elements of that information for each effect is as follows :
a. Speed brake buffet

Three concepts were deemed appropriate for T-37 speedbrake simulation: onset (rise rate ) control.
freque ncy control, and magnitude control . Rise rate control was based on the opinion that approximate ly
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80% of the full buffe t magnitude occurs as soon as the speed brakes pop into the airstream , and rises from
8~ T to I OIY ; prior to full speed brake dellections. Speed brake frequency control is a probabilistic function
of indicated airspeed , increasing as airspeed increases. Magnitude control likewise varies directly with
indicated airspeed.

b. Runway rumble

Runway rul l l bl e  POSseSSeS both frequency and magnitude control. As the aircraft starts down the
runway . “bumps ” are spread wide apart and are relatively large in magnitude. As weigh t is lifted on the
wheels , the magnitude decreases. Frequency increases with increasing airspeed. Pilots fel t this approach
wou ld give SolIle ~‘le\ t ill C’’ to tile runway.

c. Landin g gear down buffe t

Pi lots felt that  the gear down buffet for a T-37 should be a low order magnitude buffet used to
simulate air passing around the extended struts. Pilots felt that the magnitude , while small , should vary
directly wi th  indicated airspeed , althoug h the explicit frequency content should remain fixed.

d. Landing gear intransi t vibration
Similar to (c) . this concept required exp licit magnitude control only, in the opinion of the pilots.

1lo~ ever . (lie “led ” is different since the combination of a modified magnitude response carries with it a
different percept ion ot trequency .

e. Landing gear down lock

This is a lIne time bump as the  gear locks into place. Its magnitude is a fixed constant over the
airspeed range s wherein T-37 gear is lowered. Cue direction was not considere d importan t .

f. Aerodynamic (stall) buffe t

Buffe t occurs in the 1-37 aircraft  approximatel y 4 to 10 knots above stall speed, dependin g on
aircraft con li gurat ion . and gradually increases unt i l  it is heavy in full stall.  Pilots felt they experienced stall
not just in the airframe.  hut al so in the  controls (stick and rudder).  Pilots felt that the airframe buffe t
frequency c nte nt  was satisfactory as delivered , but  t h a t  the magnitude content  t lir~ughou t the stall was
improper. Coordination with control buffe t was felt essential .

g. Touchdown bump

Although called “touchdown bump. ” the instructor  pi lots quickly rea cted by saying that this buffe t
should be extended to touchdown effects for each wheel under  a variety of surface friction conditions.
Touchdown was considered a directional cue , with both transl at ional  and rotational components , whose
magnitude varied directly with vertical velocity and whatever side velocities existed (such as occur when
landing in a crab).

h. Ae rodynami c (rough air) buffe t

Of all the buffet cues generated by the original Unk mathemat ical model , this one drew the least
criticism. Only the relative earth ‘velocity components were felt to be wrong. Additionally,  pilots felt that
some rolling buffet effects should also be generated. Frequency control was not considere d a problem .

Motio n Buffet Simulation
On the ASPI system , computer time is critical . ASPI was delivered with a primary motion output

rate of 15 Hz , a primary computa tion rate of 7.5 Hz , and an interpolated output rate of 30 U,. For that
— reason , a straight line , minimum time buffe t module was desirable. However , three of the buffe t cue types

had to be handled sepasately : speed brake buffet , aerodynami c (stall ) buffet , and aerodynamic (rough air)
buffet. All others were placed in a 73 Hz motion buffe t module.
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For this module the b u f k t  cues to be disp layed are :  ( a )  runw ay rumblc , ( h ) Izi ndin g gear down b u f f e t ,
(c) lan din g gear in transit vibration , (d) land ing gear down lock , and (e) touchdown hwnp.

The fol lowu ig concepts were employed:

- Probabi listic magnitude and frequency response .
2. Only one buffe t cue (of the five above ) active per pass.
3. Buffe t direct ion is reversed each iter ation .
These concepts re quire some explanations. First , magni tude and frequency are controlled by t h e USC

of one or more calls to a ra n dorri  numbe r generator. No di git a l l i l t  cr ir i g t echn ic t u c s are used to shape t h e
frequency spectrum at all . For (his module , the rando m number  is biase d to range t ro rr i  z er II i l l  t% ~ ( I

Probabili st ic control of nt agji i tud c then amounts to output  of a l inear  lu nc t i on of the pr oduct of th e
random number arid sortie aerodynami c variab les. Although we contro l only the magni tude e x p h i c i t I ~ - it is
clear that as the m agn i tude increases , so does the implicit frequency content (tir e frequenci es that the  pi l ot
can feel). Si milarly, frequency is controlle d by comparing the product of the rando m n u l I her and Sonic
aerodynamic quan t i t y  (usually indicated airspee d) with a prese t constant.  The Prec ise mathematical e fkc t
of this use is unknown to the authors, but the technique is very effective with exe cution t u ll e requir ed.
Only one buffe t cue per pass was a loosely defined requirement. All of the five buffe t cues controlled in
thi s sin gle motion module are separable. Rever sing buffe t direction each i terat io n makes bet ter  use of th e
available buffe t capability. Buffe t disp lay on ASP’!’ is not  filtere d as it is comm anded to the leg cylinders :
conceptually, it is similar to amplitude modulated signals: the buffe t “rides ” the primary n iotion command
“carrier.” Since the buffe t cue structure was determined subjectively, and is riot a “simula t ion ” in the
ordin ary sense of the word , the actual constants we use on ASPI’ are not impor tant :  only the form ( It thC
mathematical model is. lmp l ent enta t ion of this techni que on any other  simu lator (fo r any other aircra ft )
would necessarily require different constants. Our implementa tion was as follows:

a. Runway rumble

lf (a1 v<r) b a 2 Fz~ ( I )
Where a 1, a2 are positive constants , V is indicated airspeed , in knots, and r is a uniform ly distributed

random numbe r from zero to two. Fz~. is the force in the z direction ‘nit  the earth of the aircraft gear . and
b is the resulting buffe t am plitude. The buffe t amp litude ., b , is nominally zero each iterat ion as the module
is entered. In the descript ions that follow , b , v , and r will retain their current meanings.

b. Landing gear down buffe t

b a3rv (2)
Where a3 is a positive constant.

c. Landin g gear in transit  vibr ation

b~ ’a 4rv (3)
Where a4 is a positive constant,

d. Landing gear down lock

b a s  (4)
Where a5 is a positive constant.

e. Touchdown bump

B = a 6 WE ( 5)
Where a6 is a positive constan t and W 1 is the vertical velocity of the aircraft at touch down. This

simulation is the least satisfacto ry in the opinion of the authors. Althou gh the touchdown bump produced
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will cue the pilot as to whethe r or not he tiared too high , or flew t i t e  a i rcra$ ~ onto t h e  runwa y , this
simulation lacks t ite “scrunch” feeling of touchdo wn which a more sophistica t ed di~p Ia~ ti the ground
reac t r tIn t~ rec s involved ts oul d I l ls! l ikely produce .

Speed brake bu f fe t  and the l u l l  a e r o d y m ia nu c  buf b~ts required special h a n dling. In t i c  case III  speed
brake buffe t . the 7.5 li i  pr imar ~ n ot ion  buffe t modu le could not generate su f i lc ient  sL - l sa! I l l  of ltigh
frequency content  to be satisf acto ry t o  the pilots. The speed brake buffe t was then p lac e d  in t h e  p r mmna ry
motion ou iput module , which ex ecu t es  at 15 lIz .  This added capabil i ty proved mlt ore ti t an adequa t e .  The
aerodynamic buff ets both required nro re r igorous mathematical models. l l i e ’e  b u f f e t s  I H I W

I .  Speed brake 1) 11k!

< 0 11 exi t  I I . )

l f ( a 7 r  < v )  exi t

a~~= mnin~~ .8+ ~~s~~, l }
b = max ~ay va8 .— a l l ) 0}

W h ere I~~~ ~ is a number  representing the degree to which the speed brakes are open (0 is closed, I is
t’u ll open). All constants are positiv e and the direclion of the buffe t is reverse d or set to zero , at 15 Hz .
Speed brake buffe t has both magn itude and frequency control.  As soon as the speed brakes open (greater
t han I ) .  buffe t magni tude rises to 8G’~ full scale. From there to 20’ deflection , magnitude control is
linear, re m aining at I 00~ thereafter.  The lower limiting speed brake vibrat ions refe r to the fadeout of the
vibration e ffect below 100 knots. Pilot reaction to this simple simulation has been very favorable.

g. ,-\~ rod ~ n a m e  (stall)  buffe t
— 

a 1 1  f (con l ieu  r am I n , angle of attack , mach) ( 7 )

b = mimi max ~c 1 — a r t ,  0} , a 1 2
In t h is case. is c t t c u t i v c l v  a precon iput ed coefficient , a lift - like term with the random tluct ion

bui l t  in and I l l I d e h l e l t  based on aerodynami c data. The form of implen i enta t ion is table look up. The second
equation considers the differen ce the table look up and the actual aircr aft lift coefficient ari d scales the
resultin g l l u l p u t  to be between zero and a1 2~ with reversal of direction 7,5 times a second. The authors feel
this model is still over b ~ complex.

h. Aerodynamic  (rough air) buffet
The roug h air buffe t is unus ai in that it does not pass throug h the normal buffe t channels, but is fed

back into the equat ions  of motion to generate forces. This s imula t ion  is the on ly Link delivered buffet
which has rem ained unmodified except for scaling constants. The equations are imple m ented as follows:

h 5 . = a 1 3 r
h \ = a 1 4 r  ( 8)
b,~ a 1~, r

; ~~h lc Ie  h 5~ , h~ and b.,~ are earth axis system components tre ated as velocities and sumlned into
a i r c r a f t  eart h axis loer t i e s .  [)ue to the closed loop na tu re  IIf t u e  aerodynamic s imulat ion , these inputs
then c i t e d  aag le III a t t ack . l if t  and side force coefficie n ts . etc.. and reenter  the buffet s imula t ion  as forces.

til l i l l l l ) t L ’l\ , in th e ‘i 1ui miloi i  of the authors , no rolling, pi tching,  or vaw in ~ move ments of any ~ n d are
generated. While the r e has been no adverse contin ent regarding this s imula t ion , we feel more work needs to
he accomplished. As is the case with all other buffet  types , no a t t empt  has been made to imitate  the gust
sp ectral ch arad e rist ics I II the t’ligh t en\iron ment.
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Control Loading Buffet Simulation
Aerodynamic (stall) buffet is the only form of buffet  t ed back to the controls 01 the sim ulator , The

same basic equation used for stall buffe t simulation in the motion syste m was used for feedback to the
controls . The buffet com ponents for the elevator and rudder are calculated at 15 Hz , using different val ues
for a 1 2 than as defined for motion buffet.  The buff e t compon eilts are added into the hinge force
multiplie rs which are output to the siniulator at IS II, . The net iesu lt is tha t  the stick and rudder pedals
buffet with a gradu ally in creasing magnitude as the simulator approaches a deep stal l , until the limitin g
magnitude is reached. The limiting values (a t 2 ) were arrived at throug h subjective analysis by a number of
T.37 instructor pilots.

‘I IlL CONCLUSIONS

We have presented a simple approach to buffet sim ulation , most of which has been used in trainin g
research studies successfully for more than a year. The mathematical models to present these special effects
were base d entirely on a detailed subjective analysis of bu ffet cueing. The authors feel that similar
“structured” sut~ective analysis can lead to successful mathematical modeling in other areas of fligh t
sim ulatio n .
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