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PREFACE

Thw  handbook, pubhshed as Advwxp Cnxulsr 61-13B,  was  prepared
as a techrucal  manual for apphcnnts  who  are  pnpalmg  for then- prwata,
commerclsl,  o r  fight  mstructor pllot certdicates mlth  a h&copter  ratmg
Cat&&d  h&copter  fight  InstructoR maj find this  handbook a valuable
ald m tremmg students, smce  detailed axerage  of h&copter  aerodynarmcs,
performance, and flight maneuvers are mcluded Items such as weather,
nsvqatm,  radm nawgatmn  and commumcatums.  use of flight mformatmn
pubhcatmns,  and pertment  Federal Avlatmn Regulatmns  are not mcluded
These topms,  mth the exceptmn  of regulatmns,  &i-e mcluded m the FAA
pubhcatmn,  Pzlot’a  Hmdbook  of 4ermutwxl  Knowledge, AC 61-23 and
m other FAA4  pubhcatmns  hsted m the references on page 105

Comments about hdrlsory  Circular  61-13B should be sent to

lJ S Department of Transportatmn
Federal Anatmn  Admmlstratmn
Fhght Stidsrds  Natmnal  Fmld  Oflice
Exsmmatmns Standards Branch, P 0 Box  25082
Oklahoma CA>,  Oklahoma 73125

Adnsory  C~rculsr  61-138  dated 1973 (same subject) 1s  cancelled
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Chapter 1. GENERAL AERODYNAMICS

Before launchmg  mto B d&a&d  dwassmn  of
the varmus  forces actmg  on a h&copter  m flight,
It  IS first necessary  that you understand the
meamng  of a few basic  aercdyntumc  terms,  how
the force of hft  1s created, and the effect that
certam  factors hare on hft

Alrfoll-An awfoll  1s any  surface desqned  to
produce hft  or thrust when ax  passes over It.
Propellers and wmgs  of axplanes  are  arfo&
Rotor  blades on h&copters are  slrfolls  The
wmg of sn axplane  1s  normally  an unsymmetn-
cal  alrfod,  that 13,  the top surface has more
curvature than the lower surface

The mam  rotor blades of most h&copters  we
symmetrical  arfods, that 18,  havmg the same
curvature on both upper and lower surfaces
(fig 1) Much resarch,  however, 1s bemg con-
ducted m the use  of unsymmetrical  alrfolls  for
man  rotor blades, and at least one currently
manufactured make of h&copter  1s qupped
mth mam  rotor blades that are not conadered
true  synlmetnca1  rurfolls

O n  an unsymmetrical  arfo~l, t h e  canter  o f
pressure  18  vansbleas  the angle of attack m-
creases, the center of pressure moves forward
along the arfal surface, as the angle of attack
decreases, the center of pressure moves rearward
On &  symmetrical  a1rfoll, center of pressure
movement 18  very Imuted A symmetrical  slrfoll
18  preferred for rotor blades so that a relatwely
stable center of pressure 1s mamtamed Improve-
ments m control systems may allow more latitude
m blade designs  m the future

Chord Iln, -The chord line  of an amfoIl  IS 8x1
mx~gmary  straght  hue  from the  leadmg edge to
the trallmg edge of the alrfofi  (fig  2)

~.lanve wlndcRelative  wmd  1s the &rectum
of the a~r&xv  with respect to an alrfoll I f  an
aIrfool  movez  forward horizontally, the relatwe
wmd  mopes  backward honaontally  (fig 3) If
an alrfoll  moves  backward horizontally, the r&a-
tire wmd  moves  forward horizontally I f  an
awfoll  moves  forward and upward, the reletwe
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wmd  mopes  backward and downward If an
an+011 moves backward and downward, the rela-
tire  wmd  movez  forward and upward Thus,
the &ghtpath and r-&Are amd  are  parallel but
travel m opposite  dxectmns (Forward and
backward as used here are  relatlre to the fore and
aft ax,s  of the h&copter-forward meanmg  m
the dwectlon tha rinse  of the h&copter  pomts,
and backward meanmg  the dnwtmn  the tall
pomts )

Ralatwe wmd  may  be affected by sweral  fac-
tors mcludmg the rot&Ion of the rotor blades,
horuontal  movement of the  h&copter, flappmg
of the rotor blades, and wmdspeed and &rectum

Ralatwe wmd  IS created by the motion of an
slrfoll  through the an-,  by the m&on  of 81~  past
an an-M, or by a combmatmn of the two For
a h&copter,  the relatwe wind 1s the flow of UP
mth  respect to the rotor blades Vhen the rotor
IS stopped, wind  blowmg  over the blades creak
B relative  vmd, when the h&copter 1s hovering
m a no-wmd con&tmn,  relahve wmd  1s created
by the motmn  of the rotor  blades through the
au,  when the hehcopter  1s  hovering m a wind,
the  rslatwe rmnd  IS B combmatmn of the wmd
and the motion of the rotor blades through the
MT‘,  and when the h&copter  1s m horizontal
fight,  the relatwz wmd  1s a combmatmn  of the
rot&Ion  of the rotor blades and the  movement of
the h&copter

2

Pdch  angle -The rotor  blade pitch angle 1s the
acute  angle between the blade chord hne  and B
reference plane detarmmed  by the mam  rotor
hub Smce  the rotor plane of rot&on  19  parallel
to the plane contammg the man  rotor hub, the
rotor blade pitch angle could also  be described
BS  the acute angle bekeen the blade chord lme
and the rotor plane of rot&on (i?g  4) The
pitch angle can  be varmd  by the pllot  through
the USB  of cockpit controls (collectwe  and cychc
pkh  controls) provided  for this  purpose



Angle of aflack-The  angle of attack 1s the
angle between the chord hue  of the an-foil and
the dxectlon  of the relatwe mind  (fig 5) The

wmd  hnc and the chord lint

angle of attack should not be confused mlth  the
pitch angle of the rotor blade&.  The pitch angle
1s deternuned  by the posltlon  of the appropriate
cockpit controls (call&we  and c~chc  pitch),
whereas the angle of attack IS deterrmned  by the
dn-ectmn  of the relative  wnd  The angle of
attack may be less than, equal to, or greater than
the pitch angle as shown III  figure 6 The pllot

can  l~lcrease  or decrease the angle of attack by
chanpng  the pitch  angle of the rotor blades  If
the pitch angle 1s unwed,  the angle of attack
1s increased, If the pitch angle  1s  decreased, the
angle of attack IS decreased Sum  the angle of
attack 1s dependent on the ml&we  md, the
~me factors that affect the ralahve  womd  also
affect the angle of attack

hfi -The force, hft, IS derived from an an3011
through a prlnclple often referred to 8s Ber-
noulh’s Prlnc~ple  or the “venturi effect ” As an.
reloclty  xuxeases  through the constricted portlou
of a ventur1  tube, the pressure decreases COII-
pere the upper surface of an alrfoll  wth  the
constrlctlon m the venturi  tube (fig 7) They
we  very sun&r The upper half of the ventun
tube 1s replaced by layers of undisturbed  ur
Thus, as in- flows orer  the upper surface of an
awfoll. the curvature of the anfoll  causes  an m-
crease  III  the speed of the an%m The  lncnased
speed of awflom  results III  a decrease NIL  pressure
on the upper surface of the  alrfoll At the same
tune,  mflon strhs  the lower surface of the an-
fall at an angle, bml&ng up pressure The com-
blnntlon  of decreased pressure on the upper
surface and increased  pressure on the lower
surface results III  an upward force This  1s  the
force, lift



Drag IalrfoJJJ-At  the same  tune  the axfoll  IS
producmg  hft, It also IS subject to B drag force
Drag IS the term used for the force thet tends  to
~~1st  movement of the an-f011 through the an-
the retardmg forts  of mertm  and wmd  rese.tance
Drag aats parallel and 111  the oppmte  dmctmn
to the mwement of the amfoll or, If you prefer,
III  the same  dmctmn  as the relatwe wmd This

force, drag, c&uses  B reductmn  IFI  rotor RPM
(revolutmns  per mnute)  when the angle of at-
tack 1s mcmased An mcrease  m angle of attack
then not only produces an mcrease  m hft,  but It
also  produces an mcrease  m drag (fig 8)

Stall-When the angle of attack mcream  up
to a certam  pomt, the am can no longer flow
smoothly over the top surface because of the
excessive  change of dmctmn  requmd This  loss
of stmamlmed  flow results m a smlmg,  turbulent
au%w,  and a large mcrease  m drag The tur-
bulent an%w  also c&uses  a sudden ~CI%B&SB  1x1
pressure  on the top surface multmg  m B large
loss of hft At this  pomt, the urfoll  1s smd  to
be III  CL stalled condltmn

Llfi and angle of attack-As  the angle  of at-
tack of an arfoll mcreases, the hft  mcreasa  (up
to the stall angle) prowlmg  the velocity of the
an%w  (relatme  mud)  remams  the some  (fig 8)
Smce  the p&t can mcrease  or decreaze  the angle
of attack by mcreasmg  or decreamg  the pitch
angle of the rotor blades through the use  of the
collectme  pitch cockplt control, hft  produced by
the rotor blades c&n  be mcreasad  or decreased
The pilot must remember, however, that any m-
crease m angle of attack ml1 also  mcrease  drag
cm the rotor blades, tendmg to slow down the
rotor rotatmn Addltmnal  power vnll  be re-
qumd  to prevent tlus  slowmg down of the rotor

Lift and veloc~fy  of ~iflow -As the velocity of
the an%w  (mlatme  wmd)  mcmses,  the lift  m-
creases for any gmen  mgle  of attack Sum  the
pllot  can  mcmse  or decrease  the rotor RPM
wimh, m turn, mcreases  or decreases the velmty
of the an+low,  the amount of I& can be changed
As a general rule.  however, the pllot attempts to
mamtmn  a constant rotor RPM and changes the
hft  force by varymg the angle of attack

Llff and air  danrlfy -L& ranas dmxtly  with
the density  of the m--&s  the am demty  m-
oreases,  hft  and drag mcmam,  m 811  demty
decreases, hft  and drag decrease

What affects rai-  density? Altitude  and  at-
mosphenc changes affect am density The hagher
the &.twie  the k.98 dense  the  aw At 10,000 feet
the am IS only two-thmds  as dense 8s the am at
sea level Therefore, If a h&copter  1s to mam-
tam Its hft, the angle of attack of the rotor blades
m u s t  be ~ncrewd  T o  mcmse  t h e  angle o f
attack, the pilot must mcrease  the pitch angle of



the blades We hare already seen  that, as the
pItoh angle mcreases,  drag on the rotor system
mcreases and the rotor RPM tends to decrease
Therefore, more power must be apphed  to pre-
vent a decrease m rotor RPM This  18  why B
hehcoptar  requires  more power to hover at hgher
sltltudes  than under the same  con&tmns  at lower
alhtudes  ( S e e  iig 6 2  a n d  t h e  awompanymg
dwzussum  )

Due to the atmospheric  changes m temperature,
pressure, or hunmhty,  the den&y  of the 8~ ma>
be  &fferent, even  at the same altitude,  from one
day to the next or from one locatmn  1~1 the cam-
try to another Because e.lr expands when heated,
hot aw u less deme  than cold am For the heh-
copter to produce the same  amount of hft  on a
hot day aa on &  cold day. the rotor blades must
be operated at a hqzher  angle of attack Thus
requwes that the blades be operated at a greater
pitch angle mhlch  mcreases rotor drag and tends
to reduce rotor RPM Therefore, to mamtam  a
constant mtor  RPM, more throttle 18  requued
For tlus  reason a hehcopter  requres  more power
to hover  on ,x hot day than on a cold day (See
fQ 53 and the sccampanymg  chscussmn  )

Sum  au expands as pressure 1s decressed, there
~11 be fluctuatmns  m the ur dennslty  due to
changes m atmospheric  pressure The &er the
pressure, the less dense the aw and, for the same
reason stated prevmusly,  the greater the power
rqnred  to hover

Because water vapor  aaghs  less than  an equal
amount of dry fur,  mrnst aw (hqh  relatwe  hu-
mlchty) 28 leas  dense than dvy CZZT  (low relatwe
hunmhty) Because of this, a h&copter wll
requm  more  power to hover on a had day
than on a dry day (see fig 54 and the accompany-

mg chscussmn) This  1s eapecu~lly  true on hot,
hurmd days because the  hotter  the  day, the  greateT
the amount  of water  vapor the aw cm h.& The
more  momture  (mater vspor)  m the NT, the less
dense the tur

From  the above chscuRslon,  It 16  obvious that a
pdd shmdd  beware of hqh,  hot, and hwmd
oondztzons-high  altitudes,  hot temperatures, and
lugh  moisture content (see fig 55 and the accom-
pan~mg  dwuwon) A pilot should be espeaally
awe.re  of these conchtmns  at the destmatmn,  BI~CB
suffiaent  power ma>  not be wadable  to complete
a landmg  safely, part~ularly  when the h&copter
1s operatmg  at high  gross wqhts  (see  fig 64 and
the accompanymg  dxussmn)

Lift a n d  weight - T h e  total  weight  (@-MB

maght)  of B h&copter 1s the first force that
must be overcome before fight  1s posslble I&,
the force whwh  overcomes  or balances the force
of waght,  IS obtamed  from the rotatmn  of the
man  Iotor blades

Thrust and drag  -Thrust rno~e9  the anwaft  m
the dewed  dnwtmn,  drag, the retardmg  force
of mertm  and wmd rexstance,  tends to hold It
back In vertxal  fhght,  drag acts downward,
m horizontal  !dlght,  drag acts horizontally  and
opposite m dIrectvan  to the thrust component
Thrwt,  hke  hft,  1s obtamed  from the mam rotor
Drag, as chscussed  here, 1s the dreg  of the entme
h&copter-not  just  the drag of the rotor blades
which  w&s  chscussed  earher The use  of the term
“drag” III  subsequent portmns  of ths handbook
should be considered as havmg  ths same  conno-
tatmn In future references to the drag of the
rotor blades, the statement “drag of the rotor
blades or rotor system” xv111  be used



Chapter 2 AERODYNAMICS OF FLIGHT

POWERED FLIGHT
In any kmd  of fight (horenng rert~cal.  for-

ward, sldeward,  or rearward), the total bft  and
thrust forces of B rotor are perpendmlar  to the
tip-path  plane oi-  plane of rot&on  of the rotor
(fig 9 )  The  tip-path p l a n e  1s t h e  magumry
cmular  plane outlmed  by the rotor blade tips m
malnng  a cycle of rotation

Forces actmg on the helicopter

Durmg a n y  kmd  o f  horizontal  oi-  >ertmxl
fhght, there are four forces  actmg on the hell-
copter-hft, thrust, wght,  and drag L l f t  1s
the force requmd to support the wght of the
helmptar Thrust 1s the force mqumd  to over-
come the drag  on the fuselage and other hell-
copter components.

Hmmng  j%qht-During  hovemg  fight m B
no-mud con&tlon, t h e  tip-path p l a n e  1s hon-
zontal,  that IS,  parallel to the ground LA and
thrust act straight  up, weight  and drag act
stnught  down The sum of the hft and thrust
forces must equal the sum of the weight  and
drag forces m order for the h&copter  to hover

Vertwxd  flaght  -During  vekuzal flight m a no-
wmd  condltlon, the hft  and thrust forces both
act vertically  upward Waght  and drag both

act vertmlly  downward When  hft  and thrust
equal weight  and drag, the  h&copter hovers, If
hft  and thrust are less than waght  and drag. the
h&copter  descends vertmlly,  If bft  and thrust
are  greater than maght  and  drag, the h&copter
rises  vekdly  (fig 10)

Fommwd  flcght-For  forward fbght, the tip-
path plane IS tilted forward, thus tlltmg  the total
l&thrust force forward from the vertmd This
resultant l&thrust  force can be resolmd  mto
two componentsllft  actmg mt1cally  upward
and thrust actmg  bormntslly  m the dn-e&on of
flight In addltlon  to hft  and thrust, there are
waght.  the downward actmg force, and drag, the
reamard  actchng  or retardmg force of mekm  and
wmd  resistance  (fig 11)

In stmght-and-lwel  unaccelerated  f o r w a r d
flight, bft  equals waght  and thrust equals drag
(stmgbt-and-level  fight  1s fhght with a constant
hesdmg  and at a constant altitude) If hft  ex-
ceeds maght,  the h&copter  climbs, If the hft  1s
l e s s  t h a n  w+&,  t h e  h&copter  descends  I f
thrust exceeds drag, the h&copter  speeds up, If
thrust IS less than drag, It slows down

Szdewa?d  flzght-In  sldeward  flight, t h e  tip-
path plane 1s tdted sldeward  m the dmctmn  that



VERTICAL ASCENT

HOVER





Torque --Newton’s thxd law of motmn  states,
“To every  s&on  there 13 an  equal and opposite
reaction”  As  the mam  rotor of B h&copter
turns m one drectlon,  the fuselage tends to ro-
tate  III  t h e  opposite  dnectlon  ( f i g  1 2 )  This
tendew>  for the fuselage to rotate 1s  called
torque Smce  torque effect on the fuselage 1s  a
direct  result of engme  power supphed  to the
mar,  rotor, ELIL~ change m engme  power brings
about a correspondmg  change III  torque effect
The greater the engme  power,  the greater  the
torque effect Sum  there 1s  no engme  power
bang  supphed  to the mam  rotor durmg  antc-
rot&on, there 1s  no torque reactIon  during  suto-
rotation

Auxiliary  rotor  -The force that compensates for
torque and keeps the fuselage from turmng  m
the dnectlon  opposite  to the mam  rotor IS  pro-
duced bt means of an auxlhary  rotor located on
the end of the tall  boom This  auxdxwy rotor.
generally referred  to as  a tad rotor  or antltorque
rotor, produces thrust m the &r&Ion  opposite
to torque rwtlon developed bj the man rotor
(fig 12) Foot pedals m the cockplt  pernnt  the
pilot  to mcrewe  or decrease tall-rotor thrust, as
needed, to neutrahze  torque effect
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Gyrorcoplc precesrron.-The  spmnmg  m&m
rotor of it  h&copter  acts hke  a gjroscope As
such, It  has the propert~s  of gyroscope  a&on,
one of mhlch  1s  p~ecesslon  Gyrwop~  prew-
slon  1s the resultant actlon  or deflecilon  of B
%pmnmg  object when a folce 1s  apphed to this
object  This  actlon  occurs approxnnately  90’  m
the dnxctlon  of rotation  from the pomt  where
the force 1s  apphed (!ig  13) Through the use
of this  prmclple,  the tip-path  plane of the mam
rotor may be tdted  from the horizontal

The movement of the cychc  pitch  control III  &
two-blsded  rotor system increases  the angle of
attack of one rotor blade mlth  the result that  a
greater hftlng force 1s  apphed at  tbs pomt  m
the plane of rotation This  same control move-
ment sunultanwnsly  deaxeases  the angle of attack
of the  other blade a hke  amount,  thus decreas-
mg  the hftmg force apphed at this  pant  m the
plane of rot&Ion The blade with  the increased
angle  of attack tends to rise,  the blade with  the
decreased angle of attack tends to lower Hom-
ever, bemuse  of the gyroscopx  precessmn  prop-
ert~,  the blades  do not rise  or lower to maximum
deflectmn  until  B pomt  approxnnately  90” later
m the plane of rotation In the lllustratlon  (fig
14),  the ratreatmg  blade angle of attack 1s  m-



creased and the adrancmg blade angle of attack
1s decreased resultmg  III  a tlppmg  forward of the
tip-path  plane, sure m~xunum  deflectmn  takes
place 90” later mhen  the blades am at the mar
and front respectmly

In a three-bladed rotor, the movement of the
cycbc pitch control changes the angle of attack
of each blade an appmpmte  amount 90 that the
end result IS the same-a  tlppmg  forward of the
hp-path  plane when the maxunum  change m
angle of attack IB  made BS each blade pasm  the

same  pants  at wh~cb  the m~~xnnum  mcrease  and
decrease me  made m the llltiratmn  (!ig 14)
for the two-bladed rotor As each blade passes
the 90°  posltmn on the left, the maxunum  m-
m-ease  m angle of attack occurs.  As each blade
passa  the 90” pmtmn  to the right,  the maxmmm
decrease  III  angle of attack occurs Maxmum
deflectmn  takes place 90°  later-maxmum  up-
ward deflectvm  at the rear and masnnum  dom-
mard  deflechon  at the front-and the tq-path
plane tips forward



Dlrrymm~wy o f  liff-The  am mthm t h e  tip-
path plane of the mam  rotor 1s known ~6 the
dm area or rotor dm When hovermg m still
ax, hft  cr&ed by the rotor blades at all corm-
spondmg posItIons  around the rotor disc  IS equal
Dissymmetry  of hft  1s created by honzontsl
fight  or by wmd  during hovering fight,  and 1s
the &ffeerence  m hft that exists  between the ad-
vancmg blade half of the disc area and the re-
treating blade half

At normal rotor operatmg RPM and zero ax-
speed, the rotatmg blade&p  speed of most heh-
copter mam  rotors 1s approxmlate1y  400 miles
per hour When hovering m a no-wmd con&-
tlon,  the speed of the relatwe wmd  at the blade
tips 1s the same throughout the tip-path  plane
(Jig 15, bottom) The speed of the relstwe  wmd
at any speafic  point along the rotor blade wll be
the same throughout the tip-path  plane, however,
the speed 1s reduced 8s this  pomt moves  closer to
the rotor hub as mdmated  by the two mner circles
As the h&copter  moree mto forward fight, the
relahve wmd  movmg over each rotor blade be-
comes a combmation of the rotational speed of
the rotor and the forward movement of the heh-
copter (iig 16, top) At the 90’  posltion  on the
right side,  the advancmg blade has the combmed
qwxl  of the blade veloaty  plus the speed of the
hehcoptsr At the 90°  posltlon  on the left side,
the retreatmg blade speed 1s the blade veloaty
less the speed of the  h&copter (In the dlustra-
tlon,  the helicopter 1s  assumed to have a forward
airspeed of 100 nules  pw hour ) In other words,
the relatwe wmdspeed 1s at ia maximum  at the
90” posltlon  on the right  aide  and at IX  mmmnun
at the 90°  posltlon  on the left side

Earher  III  this  handbook. the statement wzw
made that for any  gwen angle of attack, hft
mcreases  as the velocity of the a&low  over the
arfoll mcreases  It 1s apparent that the  hft
over the advancmg blade half of the rotor disc
~11 be greater than the 11ft  over the retrestmg
blade half during horizontal flight.  or when
hovering m a wmd  unless same  compensation 1s
made It IS equally apparent that the h&copter
will roll to the left unless sane compensation 1s
made The compensation made to equahze the
hft  aver the two halves of the rotor disc 1s blade
flappmg and cychc feathermg  (see  page 32 for
more mformatlon  about feathang)

Blade napping -In B three-bladed rotor system,
the rotor blades are  attached to the rotor hub by
&  horizontal hinge  which  pernnts  the blades to
move m a vert~al  plane, 1 e , flap up or down, ~8
they rotate (6g  16) In forward flight and a6-
summg  that the blade-pltch  angle rema  con-
stant, the mcreased  hft  on the sdvancmg blade
~111  cause the blade to flap up decreasmg the
angle of attack  because the ralatwe wmd  WLU
change from a horuontal  &r&ion to more of B
downward drectlon  The decreased hft  on the
retreatmg blade ~111  cause the blade to flap  down
mcressmg the angle of attack  becauw the relatwe
mmd  changes fmm a horizontal drectlon  to more
of an upward dme&on  (fig a) The oombmahon
of decreaad  angle of attack on the advancmg
blade and mcreased  angle of attack on the re-
treating blade through blade flappmg actIon
tends to equalme  the hft  over the two halves  of
the rotor disc

In B two-blsded system, the blades flap as .s
umt As the adrancmg blade flaps up due to the
mcreased  hft, the retrestmg blade flaps dovin
due to the decreased hft The change m angle
of attack on each blade brought about bJ.  tb
flappmg action tends to equahze  the hft  over the
ma  halves of the rotor disc

The posltmn  of the cychc pitch control m for-
ward flight also causes a decrease m angle  of
attack on the advancmg blade and an 111crea.x  m
angle of attack on the retreatmg blade TIM,
together with blade flappmg, equahzes  hft over
the two halvea  of the rotor disc

Coning  -Conmg  IS the upward bendmg of the
blades caused by the combined forces of hft  and
centmfugal  force Before takeoff, the blades ro-
tate III  a plane nearly perpadular  to the rotor
mast, smce  centmfugal force 1s the mayor  force
actmg on them (fig 17)

As a vertical takeoff 1s made, two ma,or  forces
we acting  at the same tlme--centnfugal  force
actmg outward perpenduxdar  to the rotor mast
and hft  actmg  upward and parallel to the mast
The result of these two forces IS that the blades
assume a con~csl  path Instead  of ramammg  m the
plane perpendxular  to the mast  (fig 17)

Conmg results m blade bendmg m a aermngd
rotor, m an srtlculated rotor, the blades assume
an upward angle through movement about the
flappmg hmges
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Axis of roi~flon  -The  &x1s  of rot&on of &
h&copter  rotor 1s  the mx~gma~  lme  about mluch
the rotor rotates It 1s represented by a brie
drawn through the center of, and perpendwdar
to, the tip-path  plane It 1s not to be confused
with  the  rotor  mast The only tune  the rotor
am of rot&on  comcldes with  the  rotor mast LS
when the tip-path  plane  1s  perpendicular  to the
rotor mast (fig 18)

Coiiolrr  effect --When B rotor  blade of r, three-
bladed rotor system flaps upward, the center of
mass  of that blade movw closer to the  BXB of
rotatmn  and bIade  acceleratzon  takes place Con-
rersely, when that blade flaps downward, eta
canter of mass move9  further from the ams  of
rot&on and blade d~celeretm  takes  place (fig
10) (Keep  III  nund,  that due to conmg,  the

14

rotor blade ~11 not flap Mom  B plane pes4mg
through the rotor hub and perpendndar  to the
axu of rotatmn  ) The  aweleratmn  end  de&era-
tmn  actmns  (often referred to BF,  leadmg, laggmg,
or huntmg) of the rotor  blades are  absorbed by
ather  dampem or the blade structure Itself, de-
pendmg upon the design  of the rotor system

Two-bleded  rotor systems a-e normally sub]&
to CORIOLIS EFFECT la a much lesser degree
than BPB  three-bladed systems  smce  the blades are
gensrally “under&mgJ’ mtb  rasp&  to the rotor
hub, and the change m the distance  of the canter
of mass from the BXIS  of rota&n  IS small The
huntmg  a&on  IS absorbed by the blades through
bendmg If B two-bladed  rotor system IS not
“underslung,” It wll be subject to CORIOLIS
EFFECT comparable to that of B full)  artnx-
lated system



~,ouae 18  -The axtr  o f  rotaon  ,I  chc lmc  about whd~ the  rotor rotate  and IB pcrpndrcular to the  OP pnth  plant

When then  arms we retracted, then rot&on
speeds up because  thar  canter of ma98 moves
closer to their  axis  of rotation

The tendency of a rotor blade to HPXX%-+  or
decrease Its velocity m Its  plane of rotation due
to mass movement 1s known as CORIOLIS
EFFECT, named for the mathematlcnn who
made studw  of forces generated by ra&al move-
ments of mass on I3 rotAt1ng  disc

Tmnrlahng  t e n d e n c y  or drlff - T h e  entn-e  heh-
copter has a tendency to move III  the dnectlon  of
tall mtor thrust (to the nght) when hovering
Thus  movement 1s often referred to as “drift  ” To
counteract this  drift, the rotor mast III  some heh-
copters 1s rigged shghtly to the left side  so that
the tip-path plane has 8 b&t-m  tilt to the left,
thus producing  a small sldeward  thrust In other
h&copters, dnft 1s overcome by ng@g the cychc
pitch system to gwe the requred  amount of tdt
to the tip-path  plane (6g  20)



Ground effect -%%a  & h&copter  IS operated
near the surface, the downwash veloaty  created
by the rotor blades cannot be fully developed due
to the proxmuty  of the surface Thus  restrwnt
of rotor downwash  occurs as the h&copter
reaches a relatwely  low altltudeusually  less
than one rotor diameter  abort  the surface (fig
21)

As the downwash  velocity 1s reduced, the in-
duced angle of attack of each rotor blade 1s  re-
duced and the hft  rector becomes more vertxal
Snnnltaneously,  a &u&on  111  Induced  drag oc-
curs In adchtlon,  as the znduced  angle of attack
1s reduced, the angle of attack gweratmg  hft  1s
lncd The net result of these actlons  1s a
beneficwd  u~rease in  hft  and a lower power re-
quu-ement  to support a gwen weight

Translational  lift.-Translational  I& 1s  that ad-
&twnal hft obtaned  when entanng horizontal
i%ght,  due to the increased  effiic~~cy  of the rotor
system The rotor system produces more hft  III
forward &ght because the higher inflow v&&y
supphtx the rotor chsc  rmth  a greater mltss  of ur
per unit  time  upon wluch  to work than It mcewes
while horermg Translational hft  1s present  v&h
any horizontal movement although the uxrea~e
~11 not be noticeable untd axspeed  reaches  ap-
proxlmataly 16 &es  per hour The add~tux,al
hft  avulable  at this  speed  1s refer& to &s  ‘Wee
tlve  translstuxnal  I&” and 19  e&y recognxed
m actual fhght by the Increased  performance of
the h&copter
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Snxe translational  hft depends upon uspeal
rather than groundspeed,  the h&copter  does not
hale  to be III  horizontal fhght to be affected
TranslatuxuJ  hft  wdl be present during hovermg
lllght in  &  wmd-the  amount bang  proportional
to the alnd  veloc~tj-and  effectwe translational
hft ~11 be present when hovering 1x1  mnds of
15 MPH or more

Tranwene flow rffwt-In foraard  flight,  ur
pasang  through the rear  portion  of the rotor dw
has a lugher downwash  v&&y  than &II  pasang
thmugh the forward portion This  1s  because  the
UT  pawng  through the rear portend  has been
accelerated for &  longer period of tnne  than the
&lr  passing  through the forvard  portion ThlS
Increased downmash  veloat>  at the rear of the
&sc  decreases the angle-of-attack and blade hft,
hence in  combmatux  with  gsrwcc.p~  precesswn,
C~USBB the rotor chsc  to tilt to the right (the
advsnmng  side) The hft on the forward part of
the rotor dwc  1s grester than on the rearward
part Accor&ng  to the prux~ple of gyi-oscopw
plWW3Xl. maxnnum  deflection o f  the  ro tor
blades occurs  90” later m the dwect~on  of rota-
tlon This  means that the rotor blades ~11 reach
maximum  upward deflection on the left ade  and
maximum  downward deflection on the right side
The  transrerse  flow effect 1s responsible for the
ma,or portion  of the lateral cychc stwk  control
requnxd to tnm the h&copter  at low speed

P.ndulor  acllon  --Sx~ce  the fwlage  of the heh-
copter IS suspended from ri single  pant  and has
conaderable  mass, It  1s free to o&late ather
lor@udmally  or laterally in  the same  w’ay  as a
pendulum (fig 22) Thw pendular actlon ten
be exaggerated by overcontrolhng,  therefore,
control stxk movements should be moderate

AUTOROTATION

AutorotatIon  1s the term used  for the fhght
condmon  durmg whxh  no engme  power 1s pup-
phed and the main  rotor 1s  driven only by the
action of the relative  mnd It 1s the means of
safely landing a h&copter  after engux  fadurn
oi- certain  o t h e r  emergencws  T h e  h&copter
tmnsnusslon  oi- powa train  IS dagned so that
the enguva,  when It stops, 1s automatxally  &s-
engaged from the ma,n  rotor system to allow the
main  rotor to rotate freely  ln  It.3  or1glnal  dlrec-

tlon F o r  obvious reason,  tins  autorotataonal



cap&b&Q ls not only a most deslrsble character-
xtx  but 1s indeed B capabtity  requmd  of sll
h&copters  before FAA certlficatmn  18  granted

when  engn~  power 1s beng  supphed to the
mam  rotor,  the flow of an IS downward through
the rotor When  engme  pomer IS not beq sup-
phed  to the rnwn  rotor, that 19,  when the heh-
copter 1s  111  autorotatlon, the flow of ax 1s upward
through the rotor It 1s thw  upward flow of ax
that causes  the rotor  to continue  tunung after
engme  failure

The portion  of the rotor blade that produw
the forces that cause the rotor to turn when the
enguxe  1s no longer supplyrig  power to the rotor
IB  that portion  between approximately  26 percent
and 70 percent of the radius  outward from the
canter This  portion  1s often referred to as the
%utmotatwe  or dnvlng  rqon” (6g  23) Aem-
dynamo  forces along tbs portion  of the blade
t-and  to speed up the blade rownon

The ~ILILBI‘  25 percent of the rotor  blade, I-B-
ferred.  to u the %tall mgw,,”  operates above eta
maximum  angle of attack (stall angle), thereby
contnbutlng  httle hft  b u t  considerable d r a g
whxh  tends to slow  the blade mtakon.

The outer 80 percent of the rotor blade 1s
known as the “pmpeller  or driven re@on  ” Aem-
dynsnuc forces here  result XI  a small drag force
mhch tends to slow the tip potion of the blade

The aerodynanuc  rqons  aa  described above
are  for vertical autorotatlons.  During forward
filght autorotatms,  these rqqons  ai-8  &splaced
RCIY)SS the rotor disc  to the left (Cg 28)

Rotor RPM during autorotatlon

Rotor RPM stablhzea  when the autorotatwe
forces (thrust) of the “dnvmg  regux”  and the
antwtutorotatwe  forces (d rag )  o f  the  ‘Ldnven
regmn” and “stall regwn”  are  equal Assume
that rotor RPM hss  been increased  by entering
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an updraft, a general lessenmg  111  angle of st-
tack ~11 follow along the entire  blade ThIS
produces a change m a..erodynarmc  force r&on
which  results 111  an overall decrease m the auto-
rotstlve forces and the rotor tends to slow  down
If rotor RPM has been decreased by entering  &
downdraft, autorotatwe forces wdl tend to &c-
c&rate  the rotor back to Its equlhbrmm  RPM

Asmmng  a constant collectwe  pitch sattmg,
that 19,  a constant lotor  blade pitch angle, an
overall greater angle of attack of the rotor dw
(as m r, flare) mcreases  rotor RPM, a lessenmg
m overall angle of attack (such as “pushmg
over” Into  a descent) decreases rotor RPM

F l a r e s  d u r i n g  autorohxtton

Forward speed durmg autoi-otatlve  descent
pernuts  a pIlot to mclme  the rotor dw rearward,
thus causmg  B flare The addItIona  mduced hft
created by the greater volume of am momentarily
checks forward speed as well &s  descant. The
gnater  volume of am actmg  on the rotor disc
will normally mm-ease  rotor RPM durmg the
flare As the forward speed and descent rate
near zero. the upward flow of an-  has pra&csUy
ceased and rotor RPM sgam decreases, the heb-
copter settles at a shghtly mcreased  rate but wulth
reduced forward speed The flare enables the
pilot  to make an emergency landmg on a definite
spot vnth  little or no landmg roll or slnd
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Chapter 3. LOADS AND LOAD FACTORS

Before dmusmg  loads and  load factors, It  1s
first  necessary to discuss  the hft  forces during
turns

Lift components of a him
Turns we made m a h&copter, as 111  an air-

plane, b>  bankmg In fomard  flight,  the rotor
disc  1s t&d forward wiuch also tdts the total
l&-thrust  force of the rotor disc  forward Tlus
total force 1s the resultant of &  vart~cal  compo-
nent, hft, and a hmzontal  component, thrust,
actmg forward When the h&copter  1s placed
m B bank, the rotor disc LS tllted sldeward Thm
C~USBS  the hft component to be tdted  sldeward,
whch  m turn, 1s dmded  Into  two componente
one actmg  vertmlly  that opposes mght,  the
other actmg  horizontally  to the side  and opposes
cmtnfugal  force (fig 24) It 1s tbs horizontal
component of hft  that  pulls  the h&copter  111  the
dmctmn  of bank and thus CBUSBS It to turn
Bnefl> then, we can say that a turn  w prmiuced
by bankzng  the h&copter,  thw allmua~  the hft
of the  rotor dzsc to pull the helmpter  from zta
Btrazght  mxime

As the angle of bank  mcm, the total Mt
force 1s Wed mom toward  the homontal,  thus
causmg  the rate of turn  to mcrease  because more
hft  1s actmg hormntslly  Smce  the resultant
hftmg  force acts  more horizontally, the effect of
hft actmg wrtlcally  (vertmtl component) 1s  de-
creased (fig 25) To compmsate for this  de-
creased rertlcal hft, the angle  of attack of the
rotor blades must be mcreaeed  III  order to mem-
tam altitude The steeper the angle of bank the
greater the angle of attack of the rotor bladea
requmd  to mamtam  altitude Thus, nlth an m-
crease m bank and TV  greater angle of attack, the
resultant hftmg  force ml1 be mcreased  and the
rate  of turn  WI1  be faster

Loads

H&copter strength IS measured basmlly  by
the total load the rotor blades sre  capable of
carrymg wlthout permanent damage The  load
unposed upon the rotor blades depends largely
on the tlpe of fight The blades must support
not onlj  the weight of the h&copter  and  Ita
contents (gross weight),  but also  the addltmml
loads unposed dumg nmnewe~~
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In stmght-and-level  fbght, the rotor blades
support B weight equal to the h&copter  and  eta
contents So long ias  the h&copter  1s monng  at
a con&ant  altitude and ampeed  m a stmght  lme,
the load on the blades renmm~  constant When
the h&copter  assumes B curved fllghtpath-all
typea  of turns (except hovering turns utlllzmg
pedals only), flares, and pullouts from dwes-
the actual load on the blades ~11 be much greater
because of the cmtnfugal  force produced by the
curved fight Thus  addltmnal  load results m the
development of much greater stresxe on the rotor
blades

load  factor

The load factor 1s the  actual load on the rotor
blades at any tune,  dmded  by the normal load
or gmss  waght  (weight of the h&copter  and  its
contents) Any tme  a h&copter  flms  111  B curved
flIghtpath,  the load supported by the rotor blades
1s greatar  than the total waght  of the hehcoptsr
The tighter the curved fllghtpath, that 18,  the
steeper the bank, 01 the more  rapld the flare or
pullout from a dwe, the greater the load sup-
ported by the rotor, therefore, the greater the
load factor.



The load factor and, hence, apparent gmes
waght  mcrease  18  relatwely small m banks up to
30” ( f ig 26) Even 90,  under the right set of
adverse crcumstancas,  such txs  high-den&y  al&
tude, gusty BX,  high  grws waght,  and poor p&t
techmque,  su&~ent  power msy  not ix avulable
to mamtam  altitude and axapeed Above 30” of
bank, the appamnt mcreaee  III  gross  waght  SO&IS.
At 30°  of bank, the apparent mcreae  19  only 16
percent, but at NY,  It  1s 100 percent (Cg 26)

If the waght  of the h&copter  1s 1,600 pounds,
the waght  supported by the rotor m & 30°  bank
at B constant altitude would be 1,866 pounds
(1,600+266) In a 80”  bank, It would be 3,200
pounds, and m an 80” bank, It would be almost
SIX  tnnes  BS  much or 8,000 pounds

0ne  adchtmnal  cause of large load factors 16
mugh or turbulent ar The severa  vertxal  guts
produced  by turbulence can C~K+Z  a sudden m-
crease  III  angle of attack, resultmg  m mm-eased
rotor blade loads that are  raw&d  by the mert~
of the h&copter

To be c&&ated  by FAA, each h&copter
must have B maxunum  peruusable  lmut load
factor that should not be exceeded As a pilot,
you should have the bauc mformatmn necasarg
to fly s h&copter  safely mlthm  Its structural

hnutatmns  Be farmhar  with  t h e  sltuatmns  m
which  the load factor may approach maxunwn,
and avoid them If you meet such sltuahons
madvetintly,  you must know the proper tech-
nlque

.
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Chapter 4. FUNCTION OF THE CONTROLS

There BE four controls m the h&copter  that
the pdot  must use  durmg flyht  (fig 2’7) They
are (1) collectwe  pitch  control, (2) throttle con-
trol, (3) antltorque  pedals (auxllmly  or tad
rotor control) , and (4) cycbc pitch control

Collective pitch  control

The collectme  pitch lwer  or stick  IS located by
the left side  of the p&t’s  seat and IS operated
mlth  the left hand (fig 28) This  lever moves up
and down pmtmg  about the aft end and,  through
a series  of mechamcal  bnkages,  changes the pitch
angle of the mam  rotor blades As the collectwe
pitch lever IS mad,  them 1s a sumltanems  and
equal mcmse  m the p&h  angle  of all the mm
rotor blades, as the lerer  1s  lowered, there 1s a
smultaneous and equal decrease m the pitch
angle The amount of movement of the lerer
detarmmes  the amount of blade pitch change

As the pitch angle  of the rotor blades 1s
changed,  the angle of attack of each blade ml1
also be changed A change m the angle of attack
changes the drag on the rotor blades As the
angle of attack  mcremes,  drag mci-BSSAS  and rotor
RPM and engme  RPM (the needles a-e ymed)
tend  to decrease, as the angle of attack decreases,
drag decreases and the RPM tends to mcm~se
Smce  It IS essentml  that the RPM remam  con-

stsnt  there must be some  means of makmg  a
proportmnate change m paver  to compamte  for
the change m drag This  coordmatmn of power
change  wth  blade pitch angle change 1s con-
trolled through B collectme  pitch lever-throttle
c o n t r o l  cmn  h&age  whxh  automatmally  111.
creases power when the collectme  pitch lerer 1s



rimed, and decreases power when  the lever 1s
lowered

The collectwe  p&h  control LY the pmmry
altitude control Rusmg  t h e  collectwe  pitch
lever mcmses  the rotor’s hft  and, through the
cam  h&age  mth  the throttle, mcreases  engme
pomer The collectme  pitch control 19,  therefore,
the primary  manifold  pressurn  control (fig 29)

Throttle control

The throttle 1s mounted on the forward end of
the collectwe  pitch lever m the form of a motor-
cycle-type twist  grip The fur&on of the throt-
tle 1s to regulate RPM I f  t h e  collectwe
pitch-throttle  synchromatmn  umt  does not auto-
m&ally  mamtam a constant RPM when a
change m made  m the collectme  pitch s&k  pm-
tmn,  the throttle may be moved manually with
the tmst grip to make further adjustments of
engme  RPM Tmstmg  the throttle outboard
mcrerses  R P M ,  twstmg  It  mboard  decreases
RPM (fig 30)

The throttle must be coordmated  with the col-
lectwe pitch so that FL correct rotor RPM 1s mam-
tamed The throttle. therefore, 1s the prmary
RPM control (iig 30)

Collective pitch-throttle coordlnatlon

Collectwe  pitch IS the pnma~ control for
msnlfold  pressure, the throttle 1s the pmnary
control for RPM Smce  the collectwe  pitch con-
trol also mfluences  RPM, and the throttle also

influences  marufold pressure, each 1s cmmdered
to be a secondary control of the other’s functmns
Therefon,  the pllot must analyze both the tach-
ometer (RPM mdmtor)  and mamfold pressure
gauge to determme  wluch  control to use and how
much To best dlustmte the relatmshlp,  B few
problems mth  solutmns  follow

Problem RPM low, mamfold  pressure  low
Solutmn Increasmg the throttle vnll mcmse

the RPM and the mamfold pressure



Problem RPM low, mamfold  pressure h&
Solution  Iawer~ng t h e  collectwe  pitch ~11

reduce the manifold  pressure, decraase  drag
on the rotor, and therefore, nxrease the
RPM

Problem RPM high, manifold  pressure high
Solution Decreasing  the throttle reduces the

RPM and the maulfold  pressure
Problem RPM bgh,  manifold  pressure low
Solutlon Rawng  t h e  collectlre  pitch wdl

increase  the manifold  pressure, 111crwse
drag  on the rotor, and therefore, decrease
the RPM

These problems illustrate  horn  one control
change accomphshes  two purposes An extension
of the reasoning  used 1x1  the solutions  ~11 show
how vu-lous  comblnatlons  of control Inputs  can
b e  coordr&ad  t o  achieve  a n y  deared RPM-
mawfold pressure  setting As with  any  other
slrcraft  contmls, large adjustments of &her  col-
lectws pitch or throttle should be avolded  All
corrwtlons  should be accomphshed  through the
use of smooth pressures

Anhtorque  pedals

The thrust produced by the aux&~~  (tall)
rotor 1s governed by the pa&on  of the antl-
torque pedals These pedals are located as shown
111  figure 27 They am  hnked  to a pitch change
mechuusm  in  the tall rotor  gear  box to perrmt
the pllot to u~rease  oi-  decrease the pitch of the
tall rotor blades The prnnary purpose of the
tall rotor and Its controls 1s to counteract the
torque effect of the man  rotor

Hwdmg control

The tall rotor and Its controls not only enable
the pilot to counteract the torque of the man
rotor during fight,  but also to control the head-
Ing  o f  t h e  h&copter  durlng hovering fhght,
hoverlng turns. and hovering patterns It should
be thoroughly under-stood that IU  forward fight,
the pedals are not used to control the heading
o f  t h e  h&copter  ( e x c e p t  during portions o f
crosswnd  takeoffs and approaches), rather, they
are used to compensate for torque to put the
h&copter  in lon@tudmal trim  s o  that cooi-&-
natad  flight ( t h a t  IS,  n&her  slIppIng  n o r  slnd-
dmng)  can  be malntalned  The cychc control 1s
used to change hea&ng  bj mabg  a coordinated
turn to the deared drxtlon

The thrust of the tall rotor  IS dependent upon
the pitch angle of the tall rotor blades and, to B
certsln extent, upon the rnal~~  rotor RPM (For
this partuxlar  dlscuwon, we wdl assume  that the
man  rotor RPM remains  constant ) The pitch
angle of the tall rotor blades detemunes  the aze
of the bite of ax  the blades take as they rotate
The tall rotor may have  a posltwe pitch angle,
that IS,  the rotor bltea  the BE  to the right  which
tends to pull the tall to the nght , or It may have
a negative  pitch angle 1x1  whxh  case the rotor
b&s  the ELX  to the left, tending to pull the tall to
the left, or It ma3  hare zero pitch, III  mhlch  case
It produces no thrust in &her  dIrectIon

1’71th  the ught  pedal moved forward of the
neutral posltlon,  the tall rotor ather  has a nega-
tlve pitch angle or B small patwe  pitch an&+
the farther forward the right  pedal IS,  the larger
the negatwe  pitch angle, the nearer the right
pedal 1s to the neutral posItIon,  the room  poatwe
the pitch angle the tall rotor -&I  have, and
somenhere  in between, the tall rotor ~111  haw a
~ei-o  pitch angle As the left pedal 1s moved
forward of the neutral posItIon,  the posItwe  pitch
angle of the tall rotor nxmases  until It becomes
maxnnum  with full forward displacement  of the
left pedal

With EL  negatwe  pitch a n g l e ,  t h e  tall r o t o r
thrust 1s working K, the same dxectux,  as torque
reactmn of the ,naln  rotor With  a small poslhve
pitch angle, the tall rotor does not produce suf-
ficlent  thrust to orercome  the torque effect of the
malu  rotor during cruwng  flight Themfora,  If
the right  pedal 1s &splaced  forward of neutral
during cmwng  fhght, the tall rotor thrust wJl
not overcome  the torque effect and the ~OSB  ~111
yaw to the right  (fig 31, left)

With  the pedals in  the neutral posltlon,  the
tall rotor has B mednun  posItwe  pitch angle In
rnedwn posltwe  pitch, the tall rotor thrust sp-
proxunately equals the torque of the rnal~~  rotor
during cruslng  flight, so the h&copter  wdl mam-
tan a constant heading  in level flight (fig 81,
nuddle)

With  the left pedal in  a forwsrd posItIon,  the
tall r o t o r  IS III  a hvgh posItwe  pitch posltlon
In &  high posItwe  pitch posItIon,  tall rotor thrust
exceeds the thrust needed to overcome torque  ef-
feet  dung  crumng  fight so the h&copter  nom
will  yew to the left (fig 31, nght)

The above explanation  1s based on cnuslng
power and axspeed Since  the amount of torque



1s dependent on the amount of engxne  power
bang  supphed  to the msln  rotor, the relatwe
posItIons  of the pedals required  to counteract
torque wll  depend upon the amount of power
bang  used at any hme In general, however, the
lees  power bang  used. the greater the require-
ment for forward dl?placernent  of the right  pedal.
the gleater the power bang used, the greater the
forward dxplacanent  of the left pedal

The maxunum  posItwe  pitch angle of the tall
rotor LS generally somewhat greater than the
maxnnum  negatwe  pitch a n g l e  aradable This
IS because the  prunary purpose of the tall rotor
1s to counteract the torque of the nnun  rotor
The capablhty for tall rotors to produce thrust
to the left (negatwe pitch angle) 1s  necessary
because,  during autorotatlon  the drag of the
transmlsslon  tends to yaw the noze  to the left-
III  t h e  same  duectlon t h a t  t h e  man  r o t o r  1s
turning

A s  dxxussed  previously,  t h e  t o t a l  lift-thrust
f o r c e  1s alrrays  perpend~ular t o  t h e  tip-path
plane of the man  rotor When the hp-path
plane 1s Wed  away  fronl the horizontal. the hft-
thrust force 1s dwlded  Into  two componentsthe
horizontal  acting force, thrust, and the upward
acting force, bft  (fig 11) The purpo;re  of the
qcl~  pztch cc&i-o1  u to tdt  the tip-pafh  plane zn
the dwectwn  that hmmmtal  nwmmnt  LS da-wed
The thrust component then pulls the h&copter
m the dnwtlon  of rotor tilt The cycbc control
has no effect on the magmtude  of the total hft-
thrust force, but merely changes the dmzctlon  of
this force, thus controlhng  the attitude and an-
speed  of the h&copter

The rotor dw  tllti  m the drectlon  that pres-
sure 1s apphed  to the cychc If the cychc stick
1s momd  forward, the rotor disc  tilts  forward,
If the cychc 1s moved aft, the rotor disc  tdts  aft,
and so on (fig 32)

So that the rotor disc  a111  always tdt  ~TL  the
dlrectlon that the cychc stxk  1s  dwplaced,  the
mechamcal  hnkage  between the cychc stick and
the rotor (thmugh the smash plate) must be such
that the maximum  downward deflection  of the
blades IS reached III  the dmxtlon  the stick  IS
displaced  a n d  maxnnum  u p w a r d  deflection  rs
reached in the opposite  drectlon Otherwise,  the
pdot would hale  a d5cult  job of relating the
due&on  of cychc +ck displacement  to the rotor
disc  tilt This IS arcumpbshed  through the me-
chanlcal  bnkage  whxh decreases the pitch angle
of the rotor blades 90°  before they reach  the
dlrectlon of displacement  of the cjchc  shck  and
n~reases  the pitch angle of the mtor blades 90’
after they pass the drect~on of &splacement  of
the cychc stick An3  l~lcre~se  in  pitch angle UP
creases  the angle of attack, any decrease 111  pitch
itngle  decreases  the angle of attack.

For example, as the cychc stxk  1s  &splaced
forward, the angle of attack IS decreased as  the
rotor blades pass the 90°  pa&on  to the pilot’s
right and IS increased  as the blades pass  the 9W
posItIon  to the pdot’s  left Because of gyroscope
precession,  rnaxunun downward deflection  of the
rotor blades 1s  forward and nxxumum  upward
d&&on  1s  a f t ,  causing  t h e  r o t o r  disc  to tilt
forward III  the same dxwtlon  as  cychc stick
dlsplacenvznt A sun&r  analyst  could be made
for any dxectlon  of dxplacement of the cychc
stick





Chapter 5. OTHER HELICOPTER COMPONENTS AND THEIR FUNCTIONS

In the precedmg  chapter, the control system
a n d  its  functions were  dxwwad  m d&all I n
this  chapter, some of the other components and
thex  fun&Ions wdl  be dlscusaed  briefly to gwe
the readers some farmlmnty with  the amxaft
they ~111  be flymg

TRANSMISSION SYSTEM

T h e  tmLwn1ss10n  system  tranam1ts  engme

power to the ma111  rotor, tad rotor, gmwator,
and other accessones

The ergme of B h&copter  must operate at B
relatwaly hqh speed mhlle  the mam  rotor turns
at a much lower speed This speed reduction 1s
accomphshed through reduction gears m the
transmlsslon  system and 1s generally somewhere
between 6 to 1 and 9 to 1 (that IS,  between 6 and
9 engme  RPM’s to 1 mam rotor RPM) In B
h&copter  alth  a 6 to 1 ratlo, If the engme  turns
at 2700 RPM, the man  rotor turns at 450 RPM
With a 9 to 1 ratlo, If the sngme  turns at 2700
RPM, the maul  rotor turns at 300 RPM When
the rotor tachometer needle and the engme  tnch-
ometer needle am supenmposed  over each other
(fig ZQ),  the ratlo of the engmne  RPM to the
rotor RPM IS the same as the gear reduction  ratm

CLUTCH

In the conventional awplane, It 1s standard
practice  to have the engme  and  the propeller
permanently connected The propeller SBI-VVBS  as
a flywheel, there 1s no reason for the propeller
to be st a standstill when the engme  1s.  mmnng
In the h&copter,  there 1s B &ffwent  mlatlon
between the engme  and rotor

Because of the much gmater waght  of B heh-
copter rotor m relation to the pomer of the en-
gone  than the weight of a propeller m relation
to the power of the engme  m an awplane, It 1s
necessaq  to bare the rotor disconnected fmm the
engme  to reheve  the starter load For tha  reason,
It 19  necessary to have B clutch between the en-

gme  and rotor The clutch allows the engme  to
be started and gradually BBSWIE  the load of dnv-
q the heavy rotor system

Centrifugal clutch

In this  type of clutch, contact bet- the
mar  and outer parts of the clutch 18 made  by
the sprmg-loaded  clutch shoes. The nmer par-
tlon of the clutch, the clutch shoea,  18  rotated by
the engum,  the outer port1011 of the clutch, the
clutch drum, 1s connected to the mam  rotor
through the transmwaon At low engme  speeds,
the clutch shoes are held out of contact w.lth  the
clutch drum  by the spnqe. As engme  speed
mcreases,  centrifugal  force throws the clutch
shoes outward until  they contact the clutch  drum
and m&on  1s transnuttad  from the engme  drive
shaft to the mput drre shaft of the transrmsaon
The rotor starts to turn,  slowly at first, but xnth
mcressmg speed BS the fnctlon  b&we&n  the clutch
shoe  and drum  mcnases Slippage of the clutch
w.ll be expenencad  until  this  fnctlon  develops
sutkently  to drive  the drum  at engme  RPM
As the clutch becomas  fully engaged, the rotor
system will be driven at the eqwalent of engme
RPM and the rotor tachometer needle and engme
tachometer needle ~111  Mom  or %wry,”  that K+,
one needle wdl be supenmpowd  over the other

Friction or bslt drive ry.km clutch

This type of clutch 1s manually engaged by the
pllot  through a lever m the cockpk Power from
the engme  drive  shaft 1s transnutted to the trans-
nus91on  drive  shaft by 8 series  of fnctlon  dwa
or belts With tbs type of clutch, It 1s pceable
to start  the engme  and warm It up wlthout en-
gagmg the rotor



FREEWHEELING UNIT

The freawheelmg coupling  prondes  for auto-
rot&w  capeblhtles  by automatically dwonnect-
mg the rotor system from the engme  Then the
engzne  stops or slows below the quwalent  of
rotor RPM When the engme  13  disconnected
from the rotor  system through the automstlc ac-
tlon of the freewheelmg  coupbng,  the transrms-
son contmuw to rotate with  the mam  rotor
thereby enablmg the tall  rotor to contmue  turn-
mg at Its  normal rate Thw pernuts  the pllot  to
mumtam  &rectlonsl  control durmg automtstlon

SWASH PLATE ASSEMBLY

The wash  plate conmsts  of two primary sle-
merits  through which  the rotor mast passes  (figs.
34, 36, and 37) One element 1s a disc,  lmked  to
the cycbc pitch ControL  This dw IS capable of
tdtmg  m any &rectlon  but does not rotate as the
rotor rotates TIUE  nonrotatmg  &EC,  often re-
ferred  to as the %tatlonary star,”  IS attached by
B beanng  surface to a second  disc,  often referred
to BS the “rot&q star,”  which  turns wulth  the
rotor and 1s mechanully  hnked  to the rotor
blade pitch horns

The rotor blade pitch horns are  placed ap-
proximately 90” ahead of or behmd the blade on
whxh  they control the pitch change (figs 34 and
37) If this  were not done, ,~oscopm precewon
would cause the movement of the h&copter  to be
90” out of phase nth the morement  of the cychc
pitch stmk,  that 1s,  If the cychc s&k  were  d~s-
placed to the right,  the h&copter  would move
forward, If the cychc stick  were displaced for-
ward, the h&copter  would move  to the left, and
so on

The dlustratlon  m figure 33 shows the pitch
horns 90” ahead of the blade m the plane of ro-
tat1on Figure 37 shows them 90” behmd
Whether they are  ahead of or behmd the blade
mll  depend on the mechamcsl  lmkage  srrange-
merit  between the cychc &ck,  wash  plate, and
pitch horns It might help to understand  the
relatlonshp  between q&c stick  morement and
blade pitch change If the relatlonshlp between
cycbc stick  movement and the rotor blade pitch
horn 1s understood If the pitch horn 1s 90’
ahead of the blade, blade pitch decrease takea
place as the pitch horn passes  the dnwtlon  m

whvzh  the cychc stick  1s displaced Blade pitch
mcrease  takes place as the pitch  horn passes  the
dnectlon  opposite  to t h e  displacement  I f  t h e
pitch horn 1s 90” behmd the blade, blade pitch
decrease takes place as the pitch horn passes the
dnwtlon  opposite to the displacement of the

cycbc stxk  Blade pitch mcrease  takes place as
the pitch horn passes the dxectlon  of dx$ace-
merit  In ather  case,  however, blade pitch de-
crxme  takes  p la ce  90°  ahead  o f  cycbc stick
pa&on and blade pitch ~~rease takes place 90”
after  pasang  cychc s&k  posItIon Thus, man-
mum downward deflectlon  of the rotor blade8
occur-s  m the some  dlrectlon  as cyclw stick  dw
placement, and maxmnun  upward deflectIon oc-
curs m the oppoate  drectlon

As an example, when the cycbc stick  1s dls-
placed forward, the wash  plate nonrotatmg  &SC
t&s  forward and the wash  plate rotatmg &SC
follows this  forward tilt (fig 35) Slllcs  t h e

mechamcal  l&age  from the rotatmg d19c  to the
rotor blade pitch horns 1s 90” ahead of or behind
the cycbc pitch change, the pitch angle IS de-
creased as the rotor blades pa=  90” to the pdot’s
right and mcreased  8s the rotor blades pass 90”
to the pdot’s  left Because of gyrwcop~  preca-
aon, maxunum  blade deflection occurs 90” later
m the cycle of rot&on Thus, max,mum  do=-
ward deflection of the rotor blades 1s forward
(same drectlon  as cychc stxk  displacement) and
max,mum  upward deflection  n aft, causmg  the
rotor &SC  to tdt forward m the same due&on
as cycbc s&k  displacement
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Summanzmg then, each blade of B fully ar-
txxlated  rotor system can flap, drag, and feather
mdependently  of the other blades

Semlrigld  rotor systems

In a semln@d  rotor qstem,  the rotor blades
are  rlgxlly  mterconnected to the hub but the hub
1s free to tilt and rock with respect to the rotor
shaft In tbs system, only twwbladed  rotors are
used The rotor flaps as B umt,  that 19,  as one
blade flaps up, the other blade flaps down an
equal amount.

The lunge  whch  per&s  the flappmg  or sea-
saw  effect 1s called a teetering lunge  (fig 38)
The roclnng hqe 18  perpmdmlar  to the teeter-
mg hmge  and parallel to the rotor blades. This
lunge  allows the head to rock  m reapone  to tilt-
“g of the wash  plate by cycbc pitch control,
thus chsnglng the pitch angle an equal amount
on each bladw&waasmg  It  on one and mcreas-
mg It on the other

The rotor blades of a semm&d rotor  system
mey or may not requre  drag lnnges  dependmg
on whether the system  1s “underslung” In an
underslung system, the rotor  blades he  m B plane

Mow the plane contsrung  the rotor hub pwot
pant Because of co-g,  normal rotor operatmg
RPM wll piece the center of mass of the rotor
blades m approxnnately  the same  plane as the
rotor hub plrot  pomt Consequently, the d&ance
of the center of mass from the axis  of rot&on
varv~s  very httle Drag hmges  are not needed
smce  the huntmg  actIon can be absorbed through
blade bendmg and the movement of the g&al
III  the underslung system

Collectwe  pitch control changes the pitch of
each blade simultaneously  and an equal amount,
ather  mcreasmg  the pitch of both or decreavng
the pitch of both

Summarlzmg,  a senurled  rotor system  can flap
and feather BS  a umt

Rigid rotor systems

In a n@d  rotor system the blades, hub, and
mast  are  ngd  wth respect to each  other In thm
system, the blade8  cannot,  flap or drag but C&II  be
feathered

Extenswe  research 1s  bang  done III  th,u  area
and, at the tune of tbs wntmg,  two makes of
rl@d rotor h&copters  have reared FAA car-
tlficatlon
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Chapter 6. INTRODUCTION TO THE HELICOPTER FLIGHT MANUAL
Pllots are  responsible for knowmg all p&meat

mfonnatlon  for each h&copter  they fly The
h&copter  fight manual 1s deslgned to provide
pllots mlth  a general knowledge of the psrt~cular
h&copter  and  the Inform&Ion  necessary for safe
and  e5cxnt  operation  I t s  funcbon  E n o t  to
teach & pilot  to fly, but rather to provide  the best
pwable  operatmg  mstructlons  under most  cm-
cumstances It 1s not mtended as a substitute  for
sound judgment. cmergenc~s or other unforeseen
sltuatlons  may roqmre  modficatlon  of the prow-
dures /t  thorough U*leTSt~,l‘hWJ  of the omtetinta
of the h&copter  fkght  manual  20~72  enable $ots
to cmnplete  fights  wath  maxerimom  efineq md
eafety

A h&copter  fight  manual accompsmes  each
certificated h&copter  -4lthough the manual for
a particular h&copter  may contam much mfor-
matlon ldenhcel  to that contamed m the fight
manual for other hellcopters of the same make
and model, It  may  also contam mformatlon
wbch  1s  peculxar  only to that h&copter, BS-
peaally  waght  and balance mformatlon  Hell-
copter fhght manuals are  prepared and furmshed
by the manufacturers Much of the mformatlon
m them IS mqmred bj Federal Avlatlon  Rag&-
tlon,  Part 27, Arworthmess  Standards Sonnal
Category Rotorcraft  However. manufacturers
often  Include  addItIona  Inform&on  that IS help-
ful to the pllot  but whwh  IS not reqmred

When the h&copter  flight manual contams  u1-
formatIon  requnxd by regulations that does not
appear &s  placards m the h&copter, the manual
must be carried m the h&copter  at all txnes.
The statement “Thus  document must be carned
m the axcraft  at all times” rnlll  appear some-
where on the manual If such condelons  exist

The mformatmn required by regulations to be
mcluded m the h&copter  fight manual 1s gen-
ally hsted as follows under chapterj, se&one,
headmgs,  or some smular  breakdovn

Operatmg  Llnutat10ns
Operatulg Procedure3
Performance Infonnatlon

Opsmting  Ilmltationr

All nnportant operatmg  lnmtatlons  that must
be observed dung normal operations we  covered
m this  portion  of the fhght msnual ThLs  m-
eludes  amspeed  and rotor lmntatlons,  powerplant
llmltatlons, aelght  a n d  losdmg  dlstnbutlon,
fight CTBR,  type of operation, and unusable fuel
If the unusable mpply  m any tank exceeds 1
gallon or 5 percent of the tank capaaty A bnef
dmcusslon  of each of these, along wolth  actual
examples excerpted from var‘1ous  Fk4-approved
h&copter  flight manuals follows

Am-speed lm&ztwm  -Requred  mformstlon
Includes those lmutmg airspeeds which must be
shown on the axspeed  mdlcator  by a color ccdmg
or must be dsplayed  m the form of B placard
-4 red radml  lme  must be placed on the rumpeed
mdrator  to show the axspeed  lmut beyond
nhmh  operation  1s dangerous (never-exceed speed
V,,)  , a yellow arc  1s used to mdlcate cautionary
opernbng  ranges, and a green arc  1s used  to mdu
cate  safe or normal operatmg  ranges Here are
excerpts from this  portion  of va11ous  h&copter
flight manuals

V.. 100 MPH from sea level to 2CQO  feat
Above 2OW feet, decrease V..  3 MPH per
loo0  feet

I * 1
V,. 105 MPH sea.  level to 6WO feet
Above 6ooO feet decrease V.. 5 MPH per
1000 feet

ThlS  lnformatlon  1s sometimes  given ln the form
of a chart (fig 39)

R o t a  Zmtaizm  -Requred  mformatlon  m
the section of the manual mcludes  lumtmg rotor
RPM’s and cautionary  ranges These lmutatlons
are  marked on the tachometer by red r&al  lmnes
and yellow arcs  reapectwely, mth  normal oper-
atmg ranges marked with  a green arc Here  axe
excerpts  from two h&copter  flight manuals

Maxlmwn 370 RPM, xmnunum  838 RPM

l **
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hiaxmmn  500 RPM for 24840, 46. 753
blades

Naxmm  472 RPM for 24%100, and  -101
blades

Nmmum  400 RPM

In the latter case, pllots must lmow  the type
of rotor blade used on then  particular h&copter

Pmaerpla7l.t  1wmtatzm  -1nformatlon  c o n -
tamed 1n  tills  portmn must explam all power-
plant lmutatlons and the reqwred marlongs on
the powerplant mstruments  Thw  rmll  m&de
rmch  items  as fuel octane ratmg,  xlllng  RPM,
operatmg  RPM, mamfold  pressure, 011 pressure,
011 temperature, cylmder head temperature, fuel
pressure, mmture  control, and others See figure
40 for InformatIon contained m one fight manual
concemlllg  1nstnlment  mar-

We-&t  and  kmdmg  dzstmbutm-This  se&on
must m&de rotorcraft  waghts  and center-of-
granty  lmuts,  together wvlth  the ltams  of eqmp-
merit  on wluch the empty nelght  1s based Tbu
mill  generallq  requm  the mcluslon of a chart  or
graph such as that illustrated  m figure 41 from
wluch the pllot  can compute the center-of-gravity
posltlon  for any  gwen losdmg  sltuatmn (See

Pages and for n&xuctlons  on the use of
this  chart )

sowto SWORP

Yellow Arc 24 0 to 27.4 in.  Rg
FtedLtne 27 4 ill. Rg

fl Temp
nOlne

Gre%n  Arc 4.v to 130”
Red Line 130’

RedLine 100’
Green Arc loo’  to 246”
Redulle 240’

Flxght  mm  -When a fight  crew  of more than
one 1s reqmred, the number and functions of the
mmmmm  fkght crew mll  be described

Type of opera&r-Examples of statements
appearmg III  h&copter  flight manuals for light
h&copters  are

Bane con6guratmn of the h&copter  pernuts
its  use  as a two-place awcraft.  The  basic
hehcoptar IS approved for VFR  operahons

l **

Basic configuratmn  of the hellcopter  pernuts
Its use as B three-place arcraft



Um.mble  fueLIf  the unusable fuel supply m
any tank exceeds 1 gallon or 5 percent of the tank
capacity, whIchever  1s  the greater a mammg shall
be provided  to lndx%x  to the fight  personnel
that when the quantity  m&&or  reads  zero  the
remwrung  fuel m the tank cannot be used  for
fight.

Opwatlng procedures

Thus  se&on  of the manual contams  mformahon
cmcernmg  normal and emergency procedures,
takeoff and landmg procedures, appropriate
arspeeds  pecuhar to the rotorcraft’s  operating
charactenstlcs,  and other pertment mfonnstlon
necesmry for safe operation  This section may
m&de, but not neccessanly  all the followmg
procedures B preflight checkhst, before startmg
engme, startmg,  warmup, and shutdown prow
dures, mfllght procedures, and such emergency
procedures as engme fadure tall rotor fallwe,
hydrauhc boost fnllure, titchmg  v&h snd  with-
out power, and others The followng  1s r,n  ex-
cerpt from one fhght manual on the emergency
procedure to uw2  ,I1  C&se  of engme fallwe

1 Engme fallwe  ~Mlle  hovering or on takeoff
below 10 feet -4 power fallwe  1s nuixated
by a sudden yawmg of the ship  to the left
In the event of such fallwe,  do not reduce
collective pitch Apply mght  pedal to pre-
r e n t  escess1ve  yawmg Apply collective
pitch a s  necessa~  III  o r d e r  to cushion
landmg

2  Engme fnllule  durmg takeo f f altitude
above 10 feet, below 500 feet Caution To
effect a safe autorotatmn  landmg ,n the
event  of engme  fallwe,  takeoff operation
should be conducted m accordance mlth  the
restnctmns  shown on Height-Velocity  dx-
gym In the event  of power failure dwng
takeoff, the collectwe  pitch must be uutlally
lowered m order that the rotor speed may be
malntamed  The amount and duratmn  of
collectwe  reduction depends upon the height
above the ground at which the engme fallurn
OCCUI‘S Ati  the ground IS approached, back
cychc and collective should be used as needed
to decrease forward and vertical velocity
Ground contact should be wtabhshed m a
level attitude

1600

1200

1100



3 Engme fallure above 500 feet altitude

c

d

e
f

l-h.

Enter normal  autorotatlon
Estabbsh IX  steady &de of 131 to 63 MPH
L4S
At an altitude of about SO feet, begm to
steadily apply aft cycbc  stmk  pressure to
decrease forward speed
At approximately  10 feat, coordmate col-
l&we pitch w&h  aft movement of q&c
shck  to cushion landmg At ground con-
tact, e. lerel landmg on the slnd  19  wxom-
phshed
AvoId  rapld lowering of collectwe  pitch
In event of engme  fmlure  at mght,  do not
turn on landmg hght above 1,000 feat
above  terram m order to presarve  battery
POWW

Pdomlance Infoml.tton

This se&on  should Include  mformatlon  con-
cernlng (1) steady  rates  of cbmb  and horermg
cellmgs together with  the correspondmg  urspeeds
and other pertment Inform&Ion, mcludmg the
calculated effect of altitude and temperature,
(2) maxunum  wmd  allowable for safe operation
near the ground, and (3) sufficmnt  mformatlon
to outlme  the lumtmg heights  and  correapon&ng
speeds  for safe landmg after power fallwe

The chart 111  figure 42 1s an example taken frum
one manual from aluch  rates  of chmb  and best
rate  of chmb  arspeed  can be computed It can
be used  to compute the rate of cbmb  for v~rlous
denat> sltltudea The steps are  as follow

1

2
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dompute  the dens&alhtude  for the tern-
perature/pnssure  altitude condltlons b y
usmg  B den&y  altitude chart (fig 51)
Some fbght manuals contam den@ altitude
charts
Locate the rasultmg  density altitude along
the left side of the chart (fig 42),  mow
honzontallj  from t2us  pomt to the dmgonal
hue,  then vertwally downward to the bottom
hne where the rate  of cbmb m feet per mm-
ute 1s read For example, If the computed
density  altitude 1s 1.000 fee&  the rate  of
chmb  should be 1,250 feet per mmute

3 The best rate  of chmb  aqwxd  can be found
by movmg horizontally  from the den&y
altitude pomt to the dmgonal lme  m the
chart on the right side, then moving ver-
tlcally downward to the bottom hue  where
the an-qxxd  gwmg  the best rate of chmb  m
m&as  per hour can be read In the example
ywn  m 2 above, It 1s appro-te1y 57
MPH At a den&y  sltltude of 3,500 feet,
the best rate of chmb  arspeed  1s appron
mately  50 MPH and the rate  of chmb  1s
spproxlmately  425 feet per mmuts
Maxlmum  allowable mmd  for safe opere-
tlons  near the surface ~111  be noted by B
statement m most fhght manuals smular  to
the  followmg  (excerpted from two h&copter
Alght  manuals)
Rearward flight or hovermg downwmd can
be conducted up to speeds  of 23 MPH IAS
Maximum  powble  operatmg  wmd  veloatvas
have not been estabbehed

I 1  l

T h e  mitx~mmn  wmd  m wluch crosswmd
takeoffs and landmga  and crosswmd  and
tad-Into-the-wmd  hovermg IS s a f e  1s 2 0
MPH, however, this 1s not to be considered
the llrmtmg  value for flight &B  normal take-



offs, landmgs,  and other maneuvers  made
close to the ground which  do not reqmre
turnmg  more than 45 degrees out of the
wmd  ma-j  be made m much hyqher  wmds
wplth  the upper lmut dependmg on expen-
ence  and sklll  of the pdot

Lmutmg heights  and correspondmg  speeds for
safe landmg after power fallwe  are  generally
mcorporated  m B chart called the Amspeed vs
Altitude  Lmutatlons Chart but often referred to
as the Heqht-Velomty  Curve  or Diagram TIE
chart generally appears m the performance SBC-
tlon  of the h&copter  fight  manual, but OCCBSIOII-
ally may  be found m the Operatmg Lmntatmns
se&on Fqqres  43 and 44 represent  such charts
These charts mdl be tiscussed m d&all m a later
chapter

Placard InformatIon
All h&copters  will generally have one or more

placards dIsplayed m consp~uous  plsces that
have 8 direct and nnportant bearing on safe op-
erstlon  of the h&copter  These placards rmll

A L T I T U D E

FEET

2 0 0

generally appear m the h&copter  flight manusl
m the Operatmg Lmutatlons s&Ion  under the
headmg of “Placards ” Here we some examples
from
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The followmg  placard IS mtalled  on the bag-
gage compartment door

MAXIMUM BAGGAGE WEIGHT 60
P O U N D S SEE FLIGHT MANUAL FOR
WEIGHT AND BALANCE DATA

l l l

THIS HELICOPTER TO BE OPER-
ATED IN COMPLIANCE WITH THE
OPERATING LIMITATIONS SPECI-

FIED IN THE FAA-APPROVED RO-
TORCRAFT FLIGHT MANUAL.

I..

SOLO FLIGHT PROHIBITED FROM
LEFT SEAT

A thorough understandmg of the contents of
the h&copter  fight manual for the h&copter
you fly wdl  enable ycm  to complete fights  with
maxmum  efficmncy  and  safety
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Chapter 7. WEIGHT AND BALANCE

AU h&copters  we designed for certam hmlt
loads and balance condlhons  The pllot  1s i-e-
sponslble for makmg  sure that the weaght  and
balance llrmtat~ons  u-e met before takeoff Any
pllot  who takes off m FL h&copter  that IS not
wlthm the designed load and balance con&hon
IS not only vlolatmg  F&4  regulations but 1~
lnvlhng  disaster

Three kmds of waght  must be considered m
the loadmg of every h&copter These are  empty
waght,  useful load, and gross waght

Empty  waght-The  waght  of the h&copter
mcludmg the structure, the powerplant, all lixed
equpment,  all 6xe.d  ballast, unusable fuel, 011,
total quantity  of engme  coolant, and total quan-
tlty of hydrauhc flmd

Usefd load  (paylo&-The  wght  o f  t h e
pllot, passangers,  baggage (mcludmg removable
ballast and usable fuel)

Gross wezght -The empty waght  plus the use-
fldload

Maxzmum  gmss  wezght -The maxmum  waght
for whch  the h&copter  1s cwtficated  for flight

A l t h o u g h  a h&copter  IS cert~6cated  f o r  a
specfied  maxnmun  gross weight,  It wdl  not be
safe to take off wth  thw  load under all  conch-
hens Conbtlons  that affect takeoff, climb, hov-
wmg, and landmg performance may requme  the
“off  loadmg” of fuel, passengers, or baggage to
some waght  less than maxnnum  allowable Such
con&hons  w o u l d  mclude high altltudm,  bgh
temperatur-as,  and high hum&y,  the combma-
bon  of wbuch  determma  the dewty altitude at
any gwen place Addltlonal  factors to consider
81%  takeoff and landmg surfaces, takeoff and
landmg &stances available, and the presence of
obstacles

Because of the various  adverse con&hons  that
may exist,  many times  the h&copter  pdot  must
decide the needs of the type rn~~mn  to be flown
and load the h&copter  accordmgly For example,
If all seats are  occupied and maxmnun  baggage

IS camed,  gross weight hnutatlons may requme
that  less than max~um  fuel be caned On the
other hand, If the pllot 1s u&rested  m range, a
full fuel load but fewer psssengers  and less  bag-
gage may be deaded  upon

Balance
Sot only must the pllot  consider the gross

weight of the h&copter,  but also  must d&e-e
that the load IS arranged to fall rmthm  the allow-
able center-of-gravity  range  speafied  111  the heh-
copter waght  and balance hnutatlons  contamed
m the h&copter  flight manual The center of
gravity, often referred to BS  the “CG; 1s the
pomt where the hehcopter  1s m bslanethe
pomt at winch all the aelght  of the system 1s
consIdered  to be concentrated If the h&copter
wei%  suspended by a strmg attached to the center-
of-grwty  pomt, the h&copter  fuselage rrould
remam  parallel to the surface much aa  a perfectly
balanced teeter-totter (seesaw) The allowable
range m which  the CG may fall IS referred to BS
the CG range The exact location  and length of
ths  range 1s spe&xl for each h&copter,  but It
usually extends B short &stance  fore and aft of
the mam  rotor mast For most types of hell-
copters, the lccatlon  of the CG must be kept
wthm  much narrower lumts than that m MT-
planesless than 3 mches  m some cases

The Ideal  concht~on  1s to have the h&copter  m
such perfect balance that the fuselage wll remam
horizontal m hovermg fight, walth  no cychc pitch
control necessary except that whxh  may be made
necessary  by wmd The fuselage acts  as a pm-
dulum  suspended fmm the rotor A=Y  change
III  the center of gravity changes the angle at
which  It  hangs from this  pant  of support If
the center of grwty  IS located dmxtly  under the
rotor mast, the h&copter  hangs horizontal,  If
the center of gmvlty  1s too far aft of the mast,
the h&copter  hangs with  the nase  tdted  up, and
If the center of gravity 1s too far forward of the
mast, the nose hits down (fig 45) Out of bd-
ante  lmdvng  of the h&mpter  makes conor
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Wslght  and balance lnformahon

When a h&copter  IS d&wed  from the fac-
tory, the empty weight. empty melght  CG, and
useful load for each part~ular  h&copter  are
noted on a waght  and balance data sheet included
u1 the h&copter  fight  manual These quantltw
wdl vary  f o r  d&rent  h&copters  o f  a gwen
serene  depending  upon changes or varlatlons in
the fixed equpment  included m each h&copter
when d&wed

I f ,  after d&very,  addltlonsl  lixed equrpment
1s added, or If some IS removed, or a ma,or repair
or slteratlon  1s made which  may affect the empty
weight,  empty aelght  CG, or useful load, the
weight and balance data must be wased  to reflect
these new values All maght and balance changes
wll be entered NIL  the appropriate  arcraft  record
This generally ~111  be the axcraft  logbook  The
tieat weight and balance data  should be used in
computing all loatig problems

Sample weight and bdance  pmblems
In loading  8,  h&copter  for flight the problem

1s two-fold
l Is the gross  atxght wlthm the maximum

allowable gross  weight ?
l Does the h&copter  meet  balance reqmre-

merits,  1 e , 1s the  CO wlthui the allowable
CG range?

To answer the first question,  merely add the
weight of the ltans compmang the useful load
(pilot,  passengers, fuel, and baggage) to the
empty maght of the h&copter  (Obtsln  the
latest empty weight mformatlon  from the appro-
prlste  arcraft  record ) Then check the total
weight obtruned  to se8 that It does  not exceed
maxunum  allowable gross aelght

To answer the second quwtlon, use the loadmg
chart or loading  table in  the hehcopter fhght
manual for the partxcular  h&copter  that IS bang
flown

Sample pi-&em  l-Determine If the gross
weight and center of grwty are  w&n  allowable
hrmts  under the following  losdlng  condltlons for
a h&copter  based on the loading  chart III  6gure
46
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SOLUTION To use the loadwg  chart for the heh-
copter 111  this  example, the stems  compnslng  the
useful load must be added to the empty waght  III
a cartam  order The maxunum  allowable gross
weight 1s  1,600  pounds

POWldU
mmpty  hellcopter wetgIlt  ------.-...  1.040
Seat load (pUot--186  ~~“nda,

passenger-m  pounds,  __-.....-.  sa6

Subtotal ---_~~ .-..  ---_--_-  _.___- l,E76  (point  A)
Baggage  compartment load ----__.-. 25

Subtotal -~ ..-....._  ----__-  _....--  /400  (point  B)
F u e l  load  ----------.__-------______  180

Total weight  --.--------- _____-. 1,680 (p0ht  C)

The total weight of the h&copter  does not
exceed the maximum  allowable gmss  weight By
follomng  the wquence  of steps (locatmg  points
A, B, and C) on the loading  chart, It IS found
that the CG IS wlthm  allowable llrmta  (lig  46)

Smpk  problem,  g--For  this  example, assume
that the pllot  in  sample problem 1 discharges  the
passenger after  usulg  only 20 pounds of fuel
sol.nnorr POUnde

Em&  hellcopter  weight --- ___--...  1,040
Seat load (p”ot--186  pounds) --....  18.5

S”btotal ----~~.~.._-------  ____ --- /Ii’5  (point  D)
Baggage  comwartment  load -------.- 25

Subtotal ----~~~~~~_------------~.  I,203  (paint  E)
F”z?l  load  -----------_-----------~~~ 180

Totd  weight  . . .._  -------~ . . ..-. 1,860 (point  F)

Although the total weight of the h&copter 1s
well below the maxunum  allowable gross weight,
the CG falls outslde of the sft  allowable hnut 8,s
defined by the lostig  chart (fig 46)

This  example dlustrates the importance  of w-
evaluating the balance problem 111  a h&copter
whenever a change 18  made 111  the loatig In
most axplanes,  the dlscharwg  of B passenger
would have httle effect on the CG Because of
ths  fact, the arplane  pllot  may not be &warn  of
the cntlcsl  lo&ng  problems that must constantly
be kept m mind  as s.  h&copter pllot If the pilot
m this  example takes off r~gam after dlschsrpg
the passenger, there wfl be msu5clent  forward
cychc s&k  control to hover m a strong wind,  It
may be nnposslble to fly in  the upper awspead
range  due to msu5clent forward cychc control
to malntaln  B nose-low attitude , and a dangerous
sltuatlon ~11 exist  If gusty or rough a,r  accel-
mate  the h&copter  to a higher arspeed  than
forward cyclic control Will  allow
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Just the opposite  stuatlon  fnxn  that  ~llustrati
by sample problems 1 and 2 could exist If a very
heavy p&t proceeded solo on a flight untrl  B
mhtantml  amount of fuel was  used, then stopped
to pick up a very heavy passenger and proceeded
on the fight  wthout  refuelmg Dung the solo
portxm  of the flight,  the h&copter  CG would be
mthm allowable hunts Durmg the second por-
tmn  of the fight wth  the pawager,  the CG
would be forward of allowable lumts I f  thu
pilot  did take off xnth  the passenger m this
example, msu5want aft cychc control would be
avsllable to slow the h&copter  to B hover and,
111  C8e.e  of an autorotatwe landmg, mma3ic1ent  aft
cyclic control would be available to flare for a
landmg

DotemIning  the CG without ths “IO of a loading
chart or table

An alternate method of computmg center of
gi-avlty  1s to use the arm-weight-moment compu-
tatam method To we  tlus  method, we must
know the empty weqht  and empty weight CG
(obtamed  from the appropriate  arcraft  record)
and the wqht  and d&ance  from the datum lme
of each portmn of the useful load-pllot and
passengers, usable fuel, and baggage The fol-
lowmg fonmllas  will be used

Wqht  X ~rrn = Moment

Moment + moment=Total  Moment

Total moment
Total weight = C G

Some manufacturers choose the datum lme  at
or ahead of the most forward structural pomt on
the h&copter,  m whmh  case all moments are
posltwe Other manufacturers choose the datum
he  at some pant  m the nuddle of the h&copter
III  ahwh  case moments produced by waght  ahead
of the datum lme  are nagatwe, and moments
pFoduced by weight aft of the datum lme  are
posltlve A sample problem wll be shown for
each type

If external loads am carned,  this  1s the method
by whxh  the canter  of gravity will normally be
COIllpUbd

Sanvpk Problem  j--For tbs example, the
datum lme  18  chomn  ahead of the most forward
structural pomt on the h&copter  (fig 47)

Smce  the approved canter-of-gravity  lmnte  are
statmn  95 (95 Inches  from datum hue) and sta-
tmn  100, and the ~~axmmrn  allowable gross
weight 1s 1,600 pounds, the hehcopter  meets the
weight  and balanoz  reqmrements  for fight.
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Flgms  48 and 49 show how the charts m the
h&copter  flight manual  would normally ix used
to compute the CG m tkus  h&copter To com-
pute the CO from these charts, the first step  18  to
dete-e the total weight of the h&copter  (m
pounds) and the total moment (m thousands of
mch-pounds)

1 The empty weight and empty waght  CO
me  obtnmed  from the latest weight and balance
mformatlon  m the h&copter fight  manual In
ths  case  1,004 pounds and 1014

2 The total moments for the fuel load and
seat load are found from the loadmg  chart (6g
43) Locate the dmgonal lme  mdmtmg  fuel
quantltm  and stations Draw & honwntal  lme
from the 25-g&m  mark to the left side  of the
chart  where the moment IS read to be 16

3 Locate the pant  representmg the seat load
along the bottom of the chart From tlm pant,
draw a vertwal brie  until  It mtemts  the dmgonal
hne  marked “Pilot  and Passenger” From thli
pomt of mtmect~on, draw a homntal  lme  tc
the left side of the cbmt where the moment E
read as 27 7 Tabulatmg these results and total-
mg,  we  have the followmg

ILent wwght Af- (thousands
(PW@l 0, md-poundal

Empty  w&w ----------- 1,004 1014
Rue,  (25 gallons, ----~---  1.50 160
seat load ---------------- 332 277

m!rALs  --------------.  1,484 145 1

The second step 1s to locate the pomt on the
center-of-gmvlty  chart (fig 49) represted by
the total weight and total moment just computed
Tb~s  pomt falls mthm  the center-of-gmlty  en-
velope,  therefore, the  h&copter  1s loaded wAm
center-of-grmty  and waght  1mut.x

Sample Problem h-111  thw  example, the
datum lme  IS  chomn  at a pant III  the mddle  of
the h&copter  (fig  50)

3fionaenf
Iden wd@lt drm (inoh  PWW

(pounds)  (mdlea)  Positive  ReQanw
BlmptyTveight--.--.  l,Rzo  + 6 10,ES
A"* (41 gamm) -- 246 + 2 462
seat  load  ---------- 330 -31 10,290

ToTaL -- -_._.-  2.888 11,412 1OSQ

Total  moment=11,-10,280=1,132
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Smce  the approved center-of-gravity  hnuts &i-e
3 mches  forward of statmn  0, to 4 Inches  aft of
statmn  0, and the maslmum  allowable gross
waght  1s 2,850 pounds, the h&copter  meets the
weight  and balance reqmrements  for fbght

Because  the total posltne  moment exceeds the
total negative moment, the center of gravity  IS
aft of the datum hue Had the negatwe  moment
exceeded the posltlre  moment. the CG mould  be
forward of the datum lme
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Chapter 8. HELICOPTER PERFORMANCE

Assummg that a h&copter  engmne  and all com-
ponents are operatmg  sabsfactonly,  the perform-
anca  of the h&copter  1s dependent on three ma,or
factors

l Deuslty sltltude (aw density)

l Qms waght
l Wmd veloaty  durmg takeoff, hovering, and

lEb”dUlg

Air dmnrlty

Am,  like  hqwds  and other gases, 1s B flwd
Because It 1s B flmd, It flows and chsnges shape
under prassure Ax  1s said to be %hm” at high
altitudes, that 1s,  there &iv  fewer molecules per
culxc  foot of ar  at 10,ooO  feat than at eea level
The or at SBB  level 1s ‘Urn”  when compared to
wr compressed  to 30 pounds of prezsure  m an
automobde tre A cubic mch  of or comprewd
m an automob&  txe  1s dmer  than  a cutxc  inch
of “flw3” Blr  at SBB  level

For example, m a stack  of blankets, the bottom
blanket 1s under pressure of all blankets above It
As B result  of thx+  pressure, the bottom blanket
may be squeezed down until  It  1s only one-tenth
as bulky as the fluffy blanket on top There 1s
stdl  Just  as much wool m the bottom blanket  as
there 1s m the one on top, but the wool  m the
bottom blanket 1s 10 trues more dense If the
second blanket from the bottom of the stack  were
removed, a force of 16 pounds uught  be requred
to pull It  out The second blanket from the top
may requme  only 1 pound of force In the same
way, am layers near  the earth’s surface have much
greater density than or layers st hgher  altitudes
The lower the elevation of the earth’s surface, the
greater the den&y  of the rur  layers For ex-
ample, the layer of &II  at sea level would be
denser than the layer of mr  at the earth’s surface
at Denver, Co10  , at approxunataly 1 rule above
&?a level

The above prmaple  may  be applwd  m flymg
axcraft At lower levels the rotor blade IS cut-
tlng through M and demer am,  wluch  offers

more  support (hft)  and mcrea~es  8w  resu&ance
The same amount of power, apphed  at lngher
altitudes  where the 811  1s thzmr  and less &we,
propels the h&copter  faster

Den&y  altitude r e f e r s  t o  a theoretxal  mr
density wlmh exists  under standard con&tlons
of a gwen altitude Standard conditions at seai
level are

Atmospheric press”*29 92 m of Hg (mches
of mercury)

Temperature-59’  F (15” C )

Standard condltlous at any higher altitude are
bawd  on

Atmospheric pressurs  (reduced to sea level)-
2992111  of  Hg

Temperature-5P”  F (15” C ) uunus  3M0  F
(2” c ) per 1,ooo feet elevahon

For example, If the atmospheric  pressure (I%-
duwd  to sea level) at an amport  located S,OMl
feat above sea level 1s 2992 Inches  of mercury
and the temperature 1s 59O-(3 5OX5) =415”  F
(6O  C ), the 8~ denslty 1s standard at that altl-
tude (The actual barometrx  presmre  at an ele-
vatlon of 5,ooO  feet under these con&tlone would
be approxlmstely  2492 Inches  of mercury smce
atmospheric  pressure decreases approxunately  1
mch  per 1,000-foot me- m altitude The av-
ersge  temperature decrease per l,OOO-foot  mcreae
m altitude IS 3 5” F )

Figure 51 shows a deuslty  altitude chart If
we  locate the +5O  vertvzal  hne  along the bottom
of the chart, follow tlw  hne  up to its  mtenect~on
v&h the 5,000-foot dmgonal lme,  then follow the
horwontal hne  to the left side  of the chart, we
read B density alhtude of 5,000 feet

The four factors wluch  affect deuslty altitude
we altitude, atmospheric  presrmra,  temperature,
and momture  content of the 811.
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Altitude

We haw  already sxm  the effects of altitude on
BV denslty  m the first se&on  of this  chapter
The greater the elevatmn of an arport  or land-
mg area,  the less the atmospheric  pressure and,
consequently, the less dense the ax The less
dense the ax,  the greater the den&y  altitude
What IS the result when operatmg  at i, lugh
density altitude B H&copter  performance 1s  de-
creased (fig 52) It can be seen  from the den&y
altitude chart that, ,?a  altitude mcreeas,  density
altitude mcreases
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Atmospheric pressure
The atmospheric  pressure at an arport  or land-

mg wea at a gwen elevatmn can  change from
day to day~ometunes  B very notIceable amount
which,  when combmed walth  other factors, could
be slgruficant The lower the pressure at a gwen
elevation, the less dense  the ax, the less dense the
rur,  the higher the density altitude and, &s  B
result, the less performance the hehcopter  ~111
have

The dally and seasonal vsnatmns m atmos-
pherlc pressure at a @ven  place  wdl  not have  aa
slgruficant  effect on the density altitude rm  the
dally and  seasonal vsnahons  of temperatum  and
molstum

The den&y  altltuda  chart  1s based on pressure
altitude, not m&catsd altitude (iig 51) To de-
termme  the pressure altitude at any gwen place,
If an sltnneter 19  wallable,  adlust the altimeter
setting  to 29 92 and read the pressure altitude
dwectly from the altlmetar  However, do not
forget to reset the altimeter to the current  altlm-
etar  settmg  If wallable,  or to field elevstmn  If an
altuneter settmg  1s not wallable

Even when elevatmn and pressure remam  con-
stant, great changes m ar den&y  will be caused
by tamperaturs  changes The same amount of
ax  that occupw  1 cubic  mch  at a low tempera-
ture ml1  expand and occupy 2, 3, or 4 cubic
mches  as the temperature rxes Therefore, as
temperature mcreases,  ax  becomes less dense,
den&y  altitude 1s mcreawd, and the h&copter
performance decreases (fig 53) A study of
figure 51 easily rave&  that, as temperature m-
crawa,  density altitude mcreases  smce  the pp~s-
sure altitude hues  slope upward to the right

We have already used the density altitude
chert to find the density altitude at an elevatmn
of 5,CNI  feet under standard atmospheric con&-
hens f o r  t h a t  elevatmn-that  u, stmosphenc
prassure  (reduced to sea level) 29 92 mchea  of
mercury, temperature 415” F (5O  C )

Wk.”  HI.  amorph.rlc  pmwn,  m&d  to  ,m  ,.“.,  ul
a #“.”  .la*don.  1.  19  92, e. pn,wn  .,“,ude  ,,
HI.  amno  0s #tn  (I,“.”  .I.mlion

What would be the de&y altitude at thw
same elevatmn If the pressure altitude IS still
5,000 feet but the temperature 1s 95O  F (350  C ) 8
hte the 36” vertxal  hnne  at the bottom of the





of the chart where a demty  altitude of 8,400  feet
1s read A h&copter operatmg  at tbs elevatmn
chart (Sg 51)) follow tbs lme  up to Its mtersec-
tmn  wth the 5,000-f&  pressure altitude (dmg-
onal) lme, then mo,e  horizontally  to the left side
under thase  comhtmns  would be flymg m UP
web  B density eqwvslent  to that at the 8,400-foot
level Therefore, the performance of the hell-
copter would be as though It 7~ere  flymmg  at the
8,400-foot level rather than the 5,000-foot  level

Moishln

When temperature and pressure are  constant,
changes m the moisture  content of the ax  ~111
change mr  da&g Water vapor weighs  less
than dry au Therefore, as the rno~~~re  content
of the ar  mcreases, am becomes less dense, dens-
lty altitude 1s mcreased  with a resultant decrease
m hellcopter  performance (6g  54) The hzgher
the temperattbre  th4  greater the  a- of 7iww
twe  the azv  can  hold Ralatwe  hurmdlty,  wbch
1s expressed BS  a percent, 1s the ratlo of the
amount of momture  III  the ar  to the amount It IS
capable of absorbmg at a gnxn  temperature The

moxture content of the 8~ at a relatwe hunmhty
of 80 percent and a temperature of 100”  F ml1
be much greater than with  a relative  hurm&ty
of 80 percent and a temperature of 50” F The
greatest  decrease 111  mr  dens@  (mcreasa  m dens-
Ity  altitude) due to moisture  content vnll be at a
high  temperature

The density  sltltude chart  (fig 51) does not
take the moisture  content of the am mto cons&
eratmn It aho&  be remembered thai  the actual
demzty  dtztude m be much iuqhei-  than  that
eom~ed  fw?7n tha chart zf the QZT contazne  a
hzgh  nunsture  content The importance  of thw
added eff& of mo&ure  on h&copter  hovering
performance wall1  be seen  shortly

High dmmty  and low density altihrde conditions

The terms “bgh  den&y  altitude”  snd  “low
density  altitude”  should be thoroughly under-
stood In general, lllgh denmty  altitude refers to
thm a~,  low den&y  altitude refers to dense .ur
Therefore, those condltmns  that result  m thm
air-high elevatmns,  iugh temperatures, lqh-
mature  content, or some  combmatmn  thereof-



would be referred to as high den&y  altitude
condltmns, those condltmns  that result  m dense
Cur-low  elevations,  low temperatures, low mox-
ture  content, or same  comblnstmn  thereof-would
be referred to BS low den&y  altitude con&hons
It 1s unportsnt to note that bgh da&y sltl-
tudes  may be present at low elevatmns  on hot
days v&h bgh molsture  content m the 81~

ERECT OF HIGH DENSITY ALTITUDES ON
HELICOPTER PERFORMANCE

Sgh elevstmns,  2llgh  temperatures, and high-
moisture  content, all of whxh  contribute to 8
high density altitude condan,  lessen h&copter
performance Because the d&~ence  between the
power wallable  and the power requred  1s so
small for a,  h&copter,  particularly m hovering
flight,  den&y  altitude IS o f  even greater nn-
portawe  to the h&copter  pilot  than It IS to the
arplane  pilot H&copter  p e r f o r m a n c e  18  re-
duced because the thmner au at lngh den&y
altitudes  reduces the amount of hft of the rotor
blades Also, the (ansupercharged)  engme  does
not develop as much power because of the thmner
8~ and the decreased atmospheric  pressure

Hovdng  flight

High den&y  altitudes  reduce the hovermg
capsblhbes  of the h&copter  (fig 55) Under
any  gwen load condltmn,  the hxgher  the density
alhtude, the lower the hovanng  calmg,  that IS,
the elevatmn  at which  the h&copter  will be able
to hover wdl  be lowered as the den&y  altitude
InCreBSBS,

Figure  66 gwes the hovermg cellmg m ground
effect for one h&copter  st varmus  gross  waghts
and temperatures  both m dry ur  and a~  at 80
percent relatwa humtdlty  The followmg  pre-
vlously estabhshed pants  should te easllg recog-
nlzed from ths  chart

1  A n .  zltc~eaae.  WI  tempemipcre  deurexzaes  the
hmmng  cezlzng-For example, at 1,600  pounds
grew wmght  m dry UP,  as the temperature ~II-
cm986  from -20”  F to 100”  F,  the hovering
cehng  decreases from 6,600 feet to 1,300 feet

2  AB  the cwiwmmt  of mowturn  m the am vn-
civaaea,  the  hmenng  cezlmq  deereax-For
example, at 1,600  pounds gross weight and loo0
F , as the masture content changes from dry IW
to 80 percent relatwe hurmdlty,  the  hovering

mlllng decreases from 3,000 feet to 1,300 feet, at
1,600 pounds and 20” F , as the nvxsture  changes
fmm dry ax  to 80 percent relative  humxbty, the
hovermg celling decreases from 5,500 feet to only
5300 feat

3  The  h&r  tb tempemtwe, t h e  gre&  the
amti  o f  me-&we  whzch  t h e  m.~ can  hoEd-
At 1,600 pounds gross  waght,  and temperatura
of -20” F, 20” F, 60” F, and 100” F, the
change m hovermg c.xhng  from dry am to 80
percent relatwe humldlty 1s 200 feet, 300 feet,
400  feet, and 1,700 feet, rwpectwely TIM II&-
catea  that the amount of mowture  m the au at
100” F and 80 percent relahve hurmdlty  1s much
greater than the amount present at 60”  F and
below

Flgure  57 illustrates  the hovarmg cahng  111
ground effect for temperatura  and gmss  waght
varmtmns  for one hehcopter, but does not reflect
the effect that mo&xe  content has on the per-
formance For sxample, at B gross  waght  of
1,550 pounds and a temperature of 100” F , the
hovermg cellmg IS B pressure altitude of 4,100
feet

Takdl

For any given gross weight, the lugher the
density altitude at pant  of departure, the rnora
power that 1s  required  to make a vertxal  takeoff
to a hover (fig 65) In fact, under certan  gross
weight a n d  density  altitude condltmns,  a heh-
copter may not have ticlent power to hft  off
vertmlly,  III  whxh  case, If takeoff IS made, It
would have to be B -mg takeoff

Figure 58 shows a chart that 19  used  to compute
the takeoff d~tance requed to clear a 50.foot
obstacle under P~I~OUS  gross weight,  pressure
altitude, and temperature con&tmns A brief
study of the chart munedmtaly  reveals the pri-
vlously estabhshed  pants,  that 19,  as grass  wght,
altitude, and temperature mcreea,  the takeoff
performan~  decreases This  chart IE  used III  the
following  way

1 In the first colunm,  locate the h&copter
gross weight.

2 In the second column, opposite  the gross
weight, locate the pressure altitude at pomt of
takeoff

3 Follow this  pressure altitude row out to the
column headed by the tampersture  at pant  of
takeoff



G-0

W2ht

ISW

1500

14QO

1300

Temperature

-2O'F -28 9-c
20°F 4 7*c
M)‘F 1 5 6’C

lOOOF 3 7 PC

-20°F -28 9’C
ZO’F 4 7oc
60°F 1 5 6-c

lWDF 3 7 B’C

-2O’F -28 9-c
2OoF -57oc
0O’F 1 5 6’C

1W’F 3 7 EC

-2O’F -28 9-c
20°F -87oc
BOOF 1 5 ET

1W’F 37 9-c

Hoverinw  Celltnq  Hp - Ft

Dry Air W%R H

67W 65Qo
55w 5200
4300 3900
3ow 1 3 0 0

8lW 7 9 0 0
7100 6800
5 9 0 0 5 6 0 0
4 8 0 0 2800

9 9 0 0 9700
6 7 0 0 04w
7 4 0 0 7 1 0 0
6300 44m

11700 1140l
104W 101w
94w 9030
82W 61W



E R R A T A S H E E T

Please make  the following changes

1. Page 38 - at the bottom of the first column, next to
last  l ine should reed.

pagas  45 and 46  for  mtructlons  on  the “98  of

thlSchsFt)

2. Page 54 - at the top of the first column, replace the
present paragraph with*

chart (6g 51))  follow ths  lme  up to its  mtmsec-
tmn  wth the 6,000-foot  pressure  sltltude  (dmg
ml)  Ime,  then rnmm  horizontally  to the left mde
of the chart where B density  altitude  of 8,400 feet
18 read A h&copter  operatmg  at thm  elevatmn
under these  comhtmns  would be flymg  m mr
mth  B density  qwalent  to that at the 8,400-foot
level Therefore, the performance of the heh-
copter  would lx as  though It  were  flymg  at the
8,400-f&  level rather than the 5,000.foot  level

These corrections have been set  m identical type for your
convenience 88  paste-oven on  the proper pages.



4 The figure at the mtersectlon of the pressure
altitude row and the temperature column 1s the
number of feet requred  for this  partular  hell-
copter to take off and clear B Wfoot obstacle

6 If the gross  weight,  pressure altitude or
temperature, or any combmatlon of the three, fall
between the hsted ralues,  the mterpolatlon  pro-
cess ~11 have to be used to compute the &stance

Sample Problem 1 -What &stance 1s requred
to clear &  60-foot  obstacle If the h&copter gross
weight IS 2,500 pounds, the pressure altitude IS
6,ooO  feet, and the temperature 1s 59”  F ?

SOLTlTON

1 In the first column, locate 2,600
2 In the second  column opposite  2,500 locate

6,000

3 Follow this  ‘3,ooO  row out to the column
headed by 5Q0  F where jou read 848

4 The dxtance reqmred  to clear a 50.foot  ob-
stacle under thsse  condelons  then 1s  848 feet

Sample Problem 3 -What d&xnce  1s requmd
to clear EL SO-foot obstacle If the h&copter  gross
aelght  1s  2,850 pounds, the pressure altitude 1s
5,ooO feet, and the temperature 1s Q5O F ? The
so1ut1on  RqUlres  lnterpolatlon

In the first column, locate 2,850
In the second column opposite  2,850, locate
the 4,000. and 6,000.foot i-ows
Follom each of these  rows  out to the column
headed by Q5O F , where you read 1,102 and
1,538, respectwAy
Smce  5 000 feet falls mldway between 4,000
and 6,000, we assume that the takeoff du-
tance  at t2lls altitude falls nudway between
1,1@2  and 1,538
By takmg half of the difference  of the two
dmtances  and addmg It  to 1,1@2  (or rub
tractmg It from 1,538))  the dAance  requred
to clear B 50-f&  obstacle under the con&-
tmns  of the problem 1s 1,320 feet

Since  tbs chart does not take mto conslderatmn
the decrease in  UP  density due to molsture  con-
tent, takeoff dutames  may be even. greater than
ti!Ase  compu&d  frmn the table

Rats of climb

For any gwen gross vaght,  the hgher  the
den&y  altitude, the less the rate of clnnb  for any
h&copter Although a h&copter  may be able
to take off and clear obstacles close bj,  2llgher
obstacles farther away  may not be cleared because
of this  reduced rate of clunb

Figure  59 illustrates  the type of chart that 1s
used to compute the rate  of climb  for one model
of h&copter The steps for using  t&s chart axe
exactly the same &s  those hsted  prenously  for
the takeoff distance  chart

Figure  60 illustrates  another type of chart used
to compute rate of clnnb  for another model heh-
copter To use  this  chart, you must follow these
steps

1 Compute the density  altitude at the depar-
ture pomt usmg  the density altitude chart (figure
51)

2 Locate ths  den&y  altitude along the left
side of the chart (figure 60)

3 Follow this  altaude  lme  horuontally  until
It  mtersects  the dmgonal lme
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r TAKE-OFF DISTANCE-FEE TO CLEAR 50 FOOT OBSTACLE
AT 50 MPH 3200 RPM

2500

2850

SL 313 401 430 458
2000 400 434 461 491
4000 428 462 494 527
8000 461 510 585 677
8000 561 674 779 896

SL 531 569 613 652
2000 588 614 660 701
4000 611 660 709 759
6000 654 727 a48 986
8000 a l l 975 1144 1355

SL 143 806
2ooo 770 816
4000 861 940
6000 939 1064
8000 1201 1527

a64 929
929 1011

1017 1102
1255 1538

At At

I I

At
2 3 ° F 59°F 9 5 ° F
-5OC 15OC 35°C

4 From this pomt  of mtarsectlon,  move ver-
tlcally downward to the bottom of the chart
where you read the rate of chmb  under the exist-
lng condlt1ons

From the chart to the right  m figure 60, you
can determine  the best  rate of chmb  anq+xl
u n d e r  t h e  vanow  dens@  altitude condltlons
From the densty  altitude at the left side  of the
c h a r t ,  move  homontally  across  until t h e  hne
mtersects  t h e  dmgonal  hue  o n  t h e  right-hand
c h a r t  F r o m  ths  pomt  o f  mntersectlon,  m o v e
vertmdly  downward to the bottom of the chart
where  you will  read the best rate of clmb  speed
1x1  mules  per hour

Landing
Because B pllot can hover at a takeoff pomt

with B certain gross weight, It does not mean that
hovering  power WLU  be  avmlable  at the d&ma-
tlon a n - p o r t  I f  t h e  destmatlon  1s a t  a hugher
altitude and/or hgher  temperature and mo&ure
content prevail, su&lent  power may not lx avaIl-

able to hover at the destmatlon  wxth  the emtmg
gross  melght  The  pllot ml1 h a v e  t o  m a k e  a
mnnmg landmg  under these condltlons

The  pilot should be able to predwi  whether
hovemg  power ml1 be  arallable at the d&ma-
tlon through (1) a knowledge of temperature,
relatwe  humdlty,  and vnnd  condltlons, (2) the
use of charts m the h&copter  flight manual such
8s figures 56 and 57, and (3)  by melang cwtam
p o w e r  checlrs  m fight  prior to attmptmg  t o
l a n d These paver checks ~111  be dwxssed  later

Flgwe  I31  dlustrates the type of chart that 16
used  to compute the total lsndq dvztancs  over &
50-foot obstacle for one model of h&copter T h e
steps for usmg  t& chart are exactly the same  as
those hsted  pnvlously  for the takeoff distance
chart Notm  that the total lendmg  dxtmce  does
not rary  as  much as the total takeoff distance
(fig 58) vnth  equal  vanatlons  m gross waght,
&&de,  or temperature These charts apply to
the same  h&copter



MAXIMUM RATE OF CLIMB
R/C MAX FEET PER MINUTE AT 50 MPH-3200 RPM

Groes Pressure At At At At
Weight Altitude -25°C -5°C 15°C 35°C
Pounds Feet -13°F 23°F 59°F 95°F

(1) (2) (1)  (2) 0) (2) (1)  (2)
2150 1095 1235 1085 1210 1040 1190 1015 1145

2”kO 1085 1220 1040 1155 1015 1085 98s -
4:ooo 1040 1085 995 - 910 - 830 -
8wJ 925 - 035 - 750 - 875 -
woo 770 - 885 - 800 - 530 -

10,000 815 - 535 - 455 - 380 -

2500 SL 805 945 780 915 750 885 730 850
2,000 780 915 750 855 725 775 705 -
4,000 755 800 710 - 830 - 560 -
8,000 850 - 585 - 485 - 410 -
8,000 505 - 420 - 340 - 285 -

10,000 380 - 275 - 195 - 120 -

2850 SL 580 885 53s 880 500 825 470 580
2,000 535 880 505 800 470 51s 435 -
4,~ 505 545 455 - 37s - 295 -
woo 400 - 315 - 239 - 155 -
WC@ 280 - 175 - 95 - 1s -

10,000 115 - 35- -- - -

NOTE
(1) Contim~ou~ Power
(2) Two Wrmte  Power Rating
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ERECT OF GROSS WEIGHT ON
HELICOPTER PERFORMANCE

We learned earher that the total weight of a
h&copter  1s the first  force that must be overcome
before fight  1s pomble Lift  IS the force that IS
needed to overcome or balance this  total weight
It 1s easily  seen that the greater the gross waght
of the h&copter, the more hft  that 1s rqumd  to
hover The amount of hft  wadable  1s dependent
upon the angle of attack at whch  the rotor
blades cm operate and still mamtam  reqmred
rotor RPM The angle of attack at which  the
blades can operate at r.qumed rotor RPM 1s de-
pendent upon the emount  of power  wallable
Therefore, the heavier the gross aaght,  the
greater the power requmd  to hover and for fbght
1~.  general, and  the poorer the performance of the
h&copter  smce  less reserve power 1s wallable
(fig 62))  or, to state It another way,  the heavier
the gross  waght,  the lower the hovering calmg

A study of the hovering calmg  chart (fig 56)
reveals the followmg  mterestmg  mformatlon  for
one hehcoptar,  and Gus  16  f&y  typul  for all
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helmpten  (mth  unqmharged  engmes)  A t
60” F m dry am,  the hownng  ce~lmngs  for gross
welghta  of 1,300, 1,400, 1,500, and 1,600 pounds
am 9,400 feet, 7,400 feet, 5,900 feet, and 4,300 feet,
mspectmly An mcmase  of 300 pounds m gross
wqht  decreases the horermg  cedmg by more
than half At gross weights  of 1,300,1,400,  1,600,
and 1,600 pounds at a temperature of 100”  F m
ali- mth B relatme  humxhty of 80 percent the
hovemg  ce&ngs are  6,100 feet, 4,400 feet, 2,900
feet, and 1,300 feet, respectmly  In the latter
case, sn mcreass  of 300 pounds m gross  maght
reduces the hovermg cellmg by almost 80 percent
A cmpamon  of the two emmnples  &ustrates
wzvzdly  t h e  reductwn m perfmme Cnmqht
about by a cumbzdm  of heavy gross  wezght
and hagh  denwty  altztudes

Of the three major factors affectmg the per-
formance of a h&copter  at hqh  elevatmns  (dens-
lty altltude, mnd,  and gross weight),  the pilot
can control only the gross weight It should be
obvious that the gram  weight carned  on any
flight must be considered-not  only for takeoff
under the mstmg  demty  altitude, rmnd  con&-
hens,  and power avaIlable  at pomt of departure,
but also under the expected dens$ altitude, amd
con&tmns,  and power wallable  at the landmg
destmatmn Smaller amounts of fuel may be car-
ned  to mprove  performance oi- to mcrease  useful
load It must be remembered, however, that this
nec.es1tates  &  Eacnfice  ill  rmge

The mportance  of loadq B h&copter  wvlthm
the approved center-of-grmty  lmts,  and the 111
effects on performance If this  1s not properly
scmmphshed, have been dmussed  m the preced-
mg chapter

EFFECT OF WIND ON HELICOPTER
PERFORMANCE

We hare seen ember  that when the horizontal
ampeed  of the h&copter  reaches apprcmmstaly
15 m&x per hour, an abrupt mcrease  m bft 1s
experienced This we call effectwe translational
hft  Actually, from the moment the h&copter
begm forward flight,  tmnslat~onal  bft 1s present,
but IS not very apparent or effectme  under about
16 miss  per hour



TOTAL LANDING DISTANCE IN FEET OVER SO  FOOT OBSTACLE
POWER-OFF AT 60  MPH

Gross Pressure
Weight Altitude
Pounds Feet

At At At At
-25°C -S°C 15°C 35°C
-13’F 23°F 59'F 95°F

2150 SL 243 253 265 277
2000 253 267 278 293
4000 264 278 294 319
6000 210 293 310 321
8000 293 310 330 350

2500 SL 248 258 210 202
2000 258 272 283 298
4000 2 6 9 283 299 314
6000 283 298 315 332
8000 298 316 335 355

2850 SL 282 294 307 320
2000 293 309 322 338
4000 306 322 3 4 0 357
6000 322 340 358 370
8000 340 359 380 403

Translatmnal  loft 1s  created by ampeed not
groundspeed Therefore, translatmnal  hft 1s  also
present when the hellcopter 1s  hovermg m a mnd
If the mud  velmty m 15 m&s per hour or more,
the h&copter  ml1 be expenencmg effectwe  trans-
latmnal loft m a hover Due to this  mcreased
hft,  less power mll be requmd  to hover than
would be requmd  for hovering m a no-mmd
conchtmn  (fig 63))  or, II greater gross mght
could be carned when takeoff IS  ta be made m a
mnd  exmedmg 16  n&s per hour than could be
camed If takeoff 1s  to be made LII a no-wmd
c0ndlt10n

No-wmd  condltmns mcmse  the amount of
power neccessary to hover, or requm  that a hghter
load be  camed Thus,  no%snd  oditsm  reduae
helwopter  perfomnce Sum  wmd decrwms the
power requmd  for hovermg, or permta  talung  off
or landmg  mth  greater loads, h&copter  perform-
&me 1s mproved If the mmd exceeds 16 mles
per hour, performance 1s  mproved  cmslderably ,

however, mud  gusts over 80  to a5  m&s per hour
may tend to destroy the addltmnal hft obtmml
between 16 and 30 rmles  per hour

PRACTICAL METHODS FOR PREDICTING
HELICOPTER PERFORMANCE

Certam  practml  methods for predxtmg  heh-
copter performam  were developed through
engmeermg and fhght  tests for a particular  model
helmptm  used by the Army These practmal
methods for tlus  partmlar helmptm  are given
m thm handbook to gwe  the mader a obaw
wndereta7ldvng  o f  factor8  a&%- h&copter
perfmmae, and sound pnmph  on whioh ta
baa  fight r&m&m We wish  to emphasm  the
fact that these rules are  for a particular  heh-
copter used by the Army and the actual figures
ml1 apply only to thm partmlar hellcopter
Even though such practml  alds are  developed
for a helmptm,  they should not be wed  aa  sub-
stltutes for experience  and go4 ]udgment
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Manifold pr.ssvm and payload

Tests on ths  partmlar  helmpter  showed that
1 Inch  of manifold  pressure w&s  equmlent  to
6 horsepomr  (HP), and that 1 HP would hft
135 pounds of weight ah&  hovemg when
combmad, these two facts gma  rise  to this  practl-
cal rule

With this  knowledge, the pllot can obtmn  an
estmmte  of the addltlonal melght  that can safely
be carned  to hover and then to enter flight. This
rule may be applmd  before landmg at destnmtlon
Ill thls m*Nler

1 Momentarily, apply full throttle at 100 feet,
or less, above the ground and detemne  the
mxnnum  mamfold pressure that can be obtamed
Thw will be appmxmately  equal to the maxi-
mum mamfold pressure arallable for takeoff

2 ‘&%A hovermg, check manfold  pressure
reqmred for the hover

3 Fmd the &fference between maxmnun  avail-
able mamfold pressure and mamfold pressure
reqmred  to hover

4 The difference m mamfold pressure changed
mto Its equmlent  m waght  (1 mch  of mamfold
pressure 1s eqmvalent  to 80 pounds) gwes the
apprormate  sddltlonal  payload which  can be
can-d  to hft  to a hover for safe takeoff

Temperature, nmds, altitude, and gross  aelght
am mcluded m the above  prsctml  method for
thrs  partmlsr  h&copter, and need not be con-
sIdered  separately

Mannfold  pressure and hovering cmhng
By usmg  mallable  mamfold pressure to deter-

mne hovermg cmlmg,  B pllot  can pmbct  whether
or not hovermg fbght 1s powble at the d&ma-
t1on



This practKa1  rule may be apphed  *s  follows
1 Check mamfold pressure at a normel  hover

prior  to departurn
2  While hovering, momentmly  a p p l y  f u l l

throttle and note the maxnnum  mamfold pres-
sum  wadable

3 The dlfferenw  m these two nmufold  pms-
sum  readmgs  1s equmlent  to 1,000 feet altitude
per mch  of excess manifold  pressure This ad-
dltlonal  altitude added to the pomt-of-takeoff
altitude ~11 gwe  the maximum  altitude (above
sea  level) at abch  the h&copter  may be hovered
(m ground effect)

Payload and wind

In wmds  from 0 to 15 n&s  per  hour, the
hovering cellmg  o f  t h e  h&copter  mll  mcrease
about 100 feet for each mile  per hour of wmd
In mmds  from about 15 MPH to 26 MPH.  the
hovermg  ceAng  ~111  increase  about 350  feet for
each mle  per hour of mnd



We wish  to reemphsslze  that these rules are  for
one part~ular  h&copter  used b>  the Army and
the actual figures ~111  apply only to this  heh-
copter

BRIEF SUMMARY
A thumbnall  summary  of this  chapter rmght

be Bs folloms

1 The most favorable condltmns  for h&copter
performance are  the combmatmn  of a low-density
altitude, hght gross  wqht,  and moderate to
strong wmd  (fig 64)

2 The most adverse con&tmns  for h&copter
performance are the combmatmn  of ri high-
density  altitude, heaq gross aelght,  and calm
or no wmd  (fig 04)

3 Any other combmatlon of density  altitude,
gross melght,  and wmd  condltmns  falls some-
where between the most adverse con&tmns  and
the most favorable cowhtmns



Chapter 9. SOME HAZARDS OF HELICOPTER FLIGHT

A tendency for the retreating  blade to stall in
forward flight  1s  Inherent  m all preen&day  heh-
copters, and 1s  a ma,or  factor 111  hnutlng  then
forward urnpeed  Basically,  the stall of the
vmg hmlts  the low axspeed  capabdltras  of the
airplane The staU  of a rotor blade lmtis  the
hagh  amppeed  potential of a hdwopter The ur-
flow over the retreating  blade of the h&copter
slows down  as forward airspeed  of the h&copter
nxreases,  the arfIow  over the advancing  blade
spew&  up as forward anpeed  nxreas~~  The
retraatmg  blade must, however, produce the WJU~
amount of loft as the adranclng  blade Them-
fore, &s  the aMlow  over  the retreating  blade de-
cm&s89  with  forward anspeed,  the blade angle of
attack must be lnoreased  to help equahze  Irft
throughout the rotor &SC area As this  ~~cmaso
m angle of attack 1s  contunzd,  the mtreatmng
blade wJ1  stall at some high  forward ax-speed
The advancing  blade has relatwely  low anglm  of
attack and 1s  not subject to blade stall Blade
till occurz  dung  powered fight at the tip  of
the mtreatlng  blade, spreadng  inboard  aa  for-
ward anapeed  uuxea~~s  Retreatrig  blade stall
does not occur UI  normal autamtatlons

When  operatmg  a t  hqh  fmmd ampeede,
stalls we more hkely  to WCUP  under condltlons
of

1-Sgh  gross weight,
~-LOW  RPM
2--I%gh  den&y sltltude
P-Steep  or abrupt turna
S-Turbulent ur

The IMJOP  wanungs  of appmacting  retmatmg
blade stall condltlons  111  the order m which  they
WA  generally be experienced  am

l-Abnormal 2 per revolution  vlbratlon  III  two-
bladed rotors or 3 per mvolutlon  vlbratlon  in
three-bladed rotors

2-PItchup  of the nose
&Tendency for the h&copter to roll

At the onset of blade stall vlbratlon,  the pllot
should tske  the followmg corrective  measures

l-Reduce collectne pitch
2-Incmsze  rotor RPM
3-Reduce  forward au,speed
~?vclnlrnlze  maneuvemlg

When operlrtmg  under fhght  condltlons  likely
to produce blade stall, a h&copter may quckly
advance into  severe blade stall  by a steep turn,
pullup,  or other abrupt maneuver The stall m-
a&on vnll  be rapld  and vlolent The vlbratlons,
pltchup,  and roll tendenclea  of the h&copter ~111
present SI  sanous  threat to h&copter control  and
structural lumtatlons When fight  condltlons  are
such that blade stall IS hkely, caution  should be
exercised  when maneuvering

As the altitude  mcreases.  the never-exceed alp
speed (red hne)  for most h&copters decreases
Figure  65 shows a chart from the h&copter flight
manual for one model from  whch  the V.. (never
exceed) speed can be detemuned  for the YU~OUB
altitudes At sea level, V.. 1s  86 rmles per hour,
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at 6,000 feet and 2500 RPM, It 1s 65 MPH, and
at 6,ooO feet and 2700-2900  RPM, It 1s 78 MPH
This chart nnmedlately  pomts up the effect that
rotor RPM has on the arspeed at mhxh retreat
mg  blade ytall  1s experienced

Selthng  wth  powsr

This condltlon of fight IS sometunes  descnbed
as settlmg m your ovn  downmash It involves
bgh vertical rates of descent, and the addlbon  of
more  power produces an  even  greater rate of
descant The h&copter 1s descendmg  m turbulent
ax  that has just  been accelerated downward by
the rotor Reachon of this am on rotor blades at
lugh angles of attack stalls the blades at the hub
(center of the rotor) and the stall progresses
outward along the blade as  the rate of descent
mcreases  T h e  followmg  combmatlon  o f  candl-
hens  are  hkelj to CBUSB  settlmg  alth  power

1-A vertical or nearly vertical descent of at
least 300 feet per mmute  Actual cntlcal  rate
depends on the gross  weight, RPM, density  al&
tude,  and other pertment  factors

2-The rotor system must be  usmg  some  of the
aradable  engme  power (from 20 to 100  percent)

3-The horizontal  reloaty  must be no greater
than spproxnnately 10 rules per hour

A pdot may expermnce  settlmg with  power
accIdentally Sltuatlons that are conducwe  to a
setthng-vnth-power condltlon  am

1-Attemptmg  to hover out of ground effect at
altitudes above the hovermg  cellmg  of the hell-
copter,

%Attemptmg  to hover out of ground effect
althout  mamtannng prease altitude control, or

3-A steep power approach m rrhxh  amspeed
1s pwmtted  to drop nearlj to zero

In recovering from a settlmg-wth-paver  con-
dltlon, the tendency on the part of the pllot to
first try to stop the descent by mcressmg  collee-
tire  pitch ~11 result m mcreasmg  the stalled
area  of the rotor and mcreasmg  the rate of de-
scent Since  mboard  portions of the blades am
stalled, cychc  control wdl  be  reduced Recovery
can  be accomphshed  by mcressmg  forward speed,
and/or partially  lowermg  collectwe  pitch

Ground resonance

Ground resonance  may develop when  a series
of shocks cause the rotor head to become unbal-
awed This condltlon, If allowed to pi-ogress
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can be extremely dangerous and  usually results
in  structural fallwe In general, If ground rem-
nance  occurs. It ml11  occur only m h&copters
possessnug  three-bladed, fully artwulated rotor
systems  and landmg wheels The rotor blades m
a three-bladed h&copter  are equally spaced
around the rotor hub (120°  apart), but exe  con-
structed to allow  some horuontal  movement
Thn  horizontal  movement 1s called lead and lag
(drag), and the vertical hinge that makee  this
possible  18  the drag hmge

As the name ~mphes,  ground resonance occurs
when the h&copter  makes contact nlth  the SW-‘-
face durmg  landmg or while  m contact with  the
surface durmg  an  attempted takeoff When one
landmg gear  of the h&copter  strikes  the surface
first, B shock 1s transmitted thmugh the fuselage
to the rotor This shock may cause  the blades
straddlmg the contact pomt  to be forced closer
together The spacmg  might then be 122’, 122O,
and 116” When one of the other landmg gears
strikes,  the unbalance could  be aggravated and
become even  greater Thw  estabhshes  a resonance
which  sets up B pendulum hke  osclllatlon of the
fwalegea  severe  wobblmg  o r  shakmg  smular
to the owllatlons  of &  sliver  dollar, or sumler
oblect,  when dropped stnlong  the floor st an
angle U n l e s s  lmmedlate  corrective  action 19

taken, the owllatlons  ~11 mcrease  rapldly and
destruction  of the h&copter  ~111  result Correc-
twe action  could be an  lmmedmte  takeoff If RPM
1s m proper range, or sn  nnmed~ste  closing  of the
throttle and placmg  the blades m low pitch If
RPM 1s low

ABNORMAL VIBRATIONS

Abnormal vlbratlons m the hehcopter  wdl  gen-
ally fall Into  three ranges

l--Low frequency-100 to 400 cycles per minute
(cpm)

2-Medmm  frequency-l.000 to 2,C00  cpm
3-High  frequency-2,000 cpm or higher

Low-frequency wbmtfons

Abnormal wbratlons m ths category are al-
ways assoaated with  the mam  rotor The vlbra-
tlon ~11 be some frequency related to the rotor
RPM and  the number of blades of the rotor, such
as  one nbratlon  per revolution (1 per rev  ), 2 per
rev, or 3 par rev Low-frequency  vlbratlons are
slow enough that they can  be counted



The frequencj  and the strength of the vlbra-
tlon wll  cause the pdot or passengers to be
bounced “P  shaken notlceabll I f  the  vlbmhon
1s felt through the cychc stick,  It all1 have the
slime  defimte  lock at the  same pomt  m the c>cle
The%  lov-frequency  \qbmtmns  mrtj  be felt only
1~1 the fuselage or only m the  shck  or thej may
be evident  m both at the same tune Whether
the tremor IS m the fuselage or the stxk  rnlll  to
some  extent, determme  the cause

Those vlbratlonc.  felt tlnough  the fuqelage  may
be class&d III  three W&J+lnteral,  lon~tudmsl,
or vxtma1-a they  may be  some comtnnat~on  of
the three A laternl  vlbratmn 1s  one nluch throws
the pIlot  from side  to side A lon@tudmsl x Ibre-
tlon 1s one mhlch  thron?  the pIlot  forwald and
backward, or m wluch  the pdot recaves B penochc
kxk m the back A >.&~a1 vlbratmn  1s one m
wluch  the pilot IS bounced up and down, or It
may be thought of as one m which  the pIlot  re-
celves  n penodx  luck m the seat of the pants
Descnbmg  the wbratlons to the mechanic  m tins
nay ~11 also allow a determmat~on  be made as
to the cause

If the rlbratlon  1s felt defimtely  m both the
stwk  and fwlage,  the cause 1s generally m the
rotor or the rotor support A fadme of the
pylon support at the fuselage 1s also a poable
callEe

If the low-fiequencj vlbratlon m the fwelnge
occurs only during translational 5ght  or during
B chmb  at certam an-speeds, the vlbratmn mny  be
a result of the blades ctnkmg  the blade rest stops
Thus  c a n  b e  ehmmated  b y  a,o&ng  t h e  5ght
comhtlon  that causes  It

For low-frequency vlbratlons felt predoml-
nantlj  through the stick, the most hkely place to
look for trouble 1s m the control system lmkage
from the stmk  to the rotor head

Medwm-frequency  vibmhonr

Me&urn-frequencj  .abratlons are a result of
trouble with  the tad rotor m moit h&copters
Improper ~“ggmg,  unbalance, defective  blades, or
bnd bearmgs  m the tall rotor  are all sources of
these vlbratmns  If the Plbratlon  occurs only
durmg turns, the trouble ma3  be caused by in-
sufficient tall  r o t o r  flappIng  action Mechum
frequencj  rlbratlons  ad1 be very d&cult  If not
nnposslble  to count due to the fast rate

High-frequency  wbratlons

High-frequency mbratlons  a r e  awxmted  wth
the engme  m most h&copters, and adl  be  nn-
posable to count due to the lngh  rate However,
thej could be associated  with  the tail mtor for
hehcopta\ m \vhIch  t h e  tad lotor  RPM  1s ap-
proximately crp~al  to “1  greater than the engme
RPM A defectue clutch or nnssmg  “1  bent fan
blades ~11 cause  Flbratmns  wluch  should be  cor-
rected A n y  bearmg?  m t h e  cngme  or m t h e
transnnsslon  or the tall lotor  drive shaft that go
bad ~11 result in  ~lbratmns  ~lth  frequenaes  &-
rectly related to the speed of the engme

Experience m detectmg  and  lsolatmg the three
d&rent  classes of vlbratlons when they first de-
wlop makes  It posslblc  to correct the \ lbratlons
long before thej become serious

TRANSITION FROM POWERED FLIGHT TO
AUTOROTATION

It 15  obvious  that there are some transltmns
that are necessary m estnbhshmg  and stab&mg
n hehcoptor  m autorotntlve 5ght  followng  a
power failure A ,1ome1  failure mlmedlstely  re-
sults m a dlsslpatlon  of rotor RPM &de  the
artlow  through the  rota sjstem 1s  changmg  from
thr downrrard  flow presfnt  m powered 5ght  to
the upward flow occulrlng  durmg  autorotatwe
5&t Rotor RPM decreases  at a rapId  rate If
lmmedmte  a&on  1s not taken to decrease the
path  angle of the rotor blades This decrease
contmues  (even after the upward flow of 8~ has
stalnhzed)  to the pomt  that controlled 5ght  may
not even be possible  dependmg  upon the pitch
angle at the tune  of powve~  fadure After the
pitch angle 1~  lessened and  the upward flow of
ai- stalnhzes,  the rate of descent ~11 not stab~hze
at Its mmm~uxn  untd the rotor RPM builds  back
u p  t o  Its  maxroum f o r  t h a t  parhcular  pitch
angle settmg  and hchcopter gross atxght

The successful entrr  from powered 5ght to
ant”rotatl””  cons1rts  of the  followng  tra"sltl"m

1-Chnngmg  of an?lon from B downaard flow
to EL”  upward flo\+

L-Lowermg  collectre  pitch to mamtam  a tol-
erable angle of attack mluch  would otherwIse
mcreax  twausc  of the descent

&Regammg  rotor RPM and stablllnng  rate
of descent
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The magmtude  of these transItlone  depends on
the mode of flight
If power fallure occurs in  a descent, there 1s cery
11tt1e  trans1t10n A vertical  chmb  requres  large
transltlons  because of the hehcopter’s upward
mertm  and the high  rotor blade pitch angle re-
qulred for the vertwil  chmb

Altttude  versus  airspeed  charts

Figure  66 1s an axspeed  YS altitude lunltstlons
charr.  excerpted from the h&copter  fight  manual
for one h&copter This  type of chart 1s often
referred to as the ‘height-veloaty  curve dmgram”
or “dead man%  curve ” Such charts are prepared
bj the manufacturer and, w required  bj regula-
tmns,  are pubhshed m the h&copter flight man-
ual generally under the performance se&on

A hehcopter pllot must become  farmlmr  nlth
this  chart for the partuxlar  helxopter  bang
flown From It, the deterrmnatmn  as to what
altitudes and alrspeeds  are required  to safely
make an autorotatxe  landmg m case of an engme
fallure,  or, to restate It  m another way, the chart
can b-e used to determme  those altade-wepeed
combmatlons from whxh  it would be nearly un-
possslble  to successfully complete an autorotatlve
landmg The altitude-axspeed  combmahons that
should be arolded  are repwanted  by the shaded
areas of the chart

Imagme  the difficulty  of entermg  and estab-
hshmg CI  stablhzed autorotatlon  from the shaded
areas  of the “dead  m&n’8  curve” (6g  66) This
chart 1s assunung  the lack of vertical velocity
and acceleratmn  (that 19,  fight  at r~  constant  altl-
tude and alrspeed)  and that an engme  fallwe  m
these areas 1s complete and mstantaneous  In
either of these shaded areas, It would be nearly
nnpowble  to complete all the transltmns  to suto-
rotation before the hellcopter  would be at ground
level When the h&copter  18  “pushed over”
(that 1s) when the nose 1s lowered) into a &de,
the rotor system angle of attack 18  dununshed
Thus  causes  the hehcopter to sccelerats downward
and lengthens the tune  reqwred  to complete the
autorotstlonal  tranaltmna  That 19,  the txne  re-
qulred  for the h&copter  slrspeed, rotor RPM,
and rate of descent to stabllme  would be greater
than If the h&copter  were  already m the auto-
rotatlve descendmg attitude wth  best autorots-
tmnsl  awapeed  at the tune  of engme  fallure

In case  of engme  fallure 111  the low alhtude,
low alrspeed  area of figure 66 (area A), a chace
must be made bj the p&t &her  to ‘Lfreeze”  the
collective pitch to save  the remammg  rotor  RPM
and upward collectwe  tralel  for cushmnmg  the
ground contact, or to lower the collectwe  pitch
all the may, oi- to partmlly lower the collectwe
pitch so that more upward collective travel ml11
be wallable  to cushmn  the ground contact It 1s
strictly a judgment dealon on the part of the
pllot based upon personal skdl.  experience, and
knowledge of the hehcopter and the altltude-



arepeed  combmat~on  at the tune of engme  failure
In &ny  case,  the rate of descent at ground contact
vlll  be much greater than It would he from B
normal  autorotatlon  m which all  trausltlons  could
be made m tune for the rate of descent to
stablhze

In the low altitude,  high awepeed  area of figure
66 (area B), the pdot  s umnedmte  choice  1s to
flare oi- lover  collectre  pitch or to decide how
much of each may be done The type of landmg
area  would be &  factor m this  mstance, however,
even though a smooth landmg area of sufficmnt
length 1s awlable, the pilot  still  risks  a bgh-
speed landmg m an an-craft which  1s  not stressed
for 1t

Ascent of the h&copter  m area “A” and for-
ward acceleration m area  “B’ make the occur-
rence of &  power fadure doubly hazardous
because of the magmtude  of the mduced a&ow
and collectwe  pitch translnons requmed  to enter
a stab&red  autorotatlon A &de through &her
area 1s much lees hazardous m case of power
failure because most  of the transltlons  have al-
ready been accomphshed

ANTITORQUE SYSTEM FAILURE

AntItorque e>stem  fallure could lx the result
of ri fallure m the tall rotor blades, a fsllure III
the mechamcal  h&age  between the pedals and
the pitch-change  mechamsm  of the tad rotor, or
B fadure m the tad rotor drive shaft betmean  the
transmlsslon  and the tall  rotor

Antltorque  system  fanlure  in forward cru,smg  fight
If the antltorque  system falls m forward CPUIG-

mg fight, the noee  of the h&copter  ~11 usually
pitch shghtly and yaw to the right The drec-
tlon m which the noee  ~111  pitch depends on the
particular hellcopter  and  how  It  H  l oaded
Violence of the pltchlng and yawng  IS generally
greater when the fallure occurs m the tall rotor
blades and 1s usually accompamed by severe
vlbratlon

The pltchmg and yawmg can be overcome by
holdmg  the c>chc  stick  near  neutral and entering
autorotatlon Cychc control movements should

be kept to a mmunum  untd all pltchlng submdw
Arold  abrupt rearward movements of the cychc
s&k  If It 1s moved rearward abruptly, the
mam  rotor blades could flex downward wth suf-
ficlent  force to strike  the tall boom If uneultsble
terrsm exists,  cautiously  add power to detarrmne
If flight can be contmued to an acceptable land-
mg area  I f  d a n g e r o u s  attitudes  are  mcurred
due to this  ad&tlou  of power, re-enter autorota-
t1on

If sufliclent  forward speed 1s mamtamed, the
fuselage remams  fairly  well streamhued, how-
ever, If descent 1s attempted at slow speeds, a
oonhnuous turnmg  movement to the left can be
expected (Know the manufacturer’s nxommen-
d&lone m case  of tall rotor fadure for each par-
tlcular  h&copter  you fly This  ~111  generally be
found under Emelgency  Procedures 111  the heh-
copter fhght manual ) Dratlonal control should
be mamtamed  pnmar~ly  mlth  cychc control and
secondarily, by gently applymg  throttle momen-
tardy, nth needles jomed,  to swmg  the noes  to
the right

A landmg may be made with  forward speed
or by flaring The beet and safest landmg teah-
mque,  terram perrmttmg,  1s  to land &r&y  mto
the wmd  with  approxuuately  20 m&s per hour
awspeed The h&copter  wdl  turn  to the left
durmg the flare and dunug  the subsequent v&l-
cd  descent An unportant factor to remember x+
that the h&copter  should be lerel or approxl-
mutely level at ground contact

Antitorque  system  fallura w h i l e  howring
If the antltorque  system falls durmg hovermg

fight, quvzk  actlon must be taken by the pilot
The turnmg  motion to the right bmlds up rapidly
because of the torque reactlo”  produced by the
relatwely bgh-power  eettmg  The throttle should
be closed uumedmtely  (wlthout varymg collective
pitch poWon) to eluomste  this  turmng effect
Sunultaneously,  the cychc s&k  should be used
to stop all sldewsrd or rearward movements and
to place the h&copter  in  the lanchng  atiltude
prior  to touchdown From ths  pomt, the prow-
dure  for a hovermg autorotatIon (p 93) should
be followed



Chapter 10. PRECAUTIONARY MEASURES AND CRITICAL CONDITIONS

Because of then- uruque  flight charactanshcs,
h&copters are capable of many mxsmns  other
slrcmft  cannot perform H&copter  pdots  must,
however, reahze  the hazards mvolved  m flymg
and know what precautmns  to take that may save
then h&copters or even their hvea

G e n e r a l  preccwtionary  rules

1 Do not perform acrobatic maneuvers
2 Do not check magnetos m flight
3 Use cautmn  when adpAng  mixture  m fight
4 Always tax1  slowly
5 Always check ballast prior  to flymg
8 Use cautmn  when hovering on the leeward

side of buldmgs  or obstructmns

7 Do not hover at an alhtude that will place
you m the shaded are& of the haght-veloaty
chart.

8 Always hover for a moment before begmn-
rung  a new flight

9 When flymg m rough, gusty fur,  use spaal
care  to mamtam proper RPM

10 When practnng  hovermg turns, adaward
fllght,  and similar  low au-speed maneuvers. be
espeaallg  careful to mantam  proper RPM

11 Always clear the area  overhead, ahead, to
each slde,  and below before entering practux
autorotatlons

12 Make sure any object placed m the cockpIt
of a h&copter  IS secured to prevent foulmg  of
the controls

13 Except III  sldeward  or rearward flight,  al-
ways fly the hellcopter  III  relatumshlp  to refer-
Incas  ahead

R o t o r  R P M  opemting  limlh

Lm,k  of rotor RP;M  racy mth each tgpe of
h&copter In general, the lower lmut 1s deter-
mined  prmmnly  by the control charactenstxs  of
t h e  h&copter  dung autorotatmn Sum  the
tall rotor 1s driven by the man  rotor, n mumnum

mam  rotor RPM exists at whxh  tall  rotor thrust
1s  sufficient  for proper headmg control Below
th,s  mnmnum  mam  rotm  RP&  full  pedal ap-
phcstmn will not mamtam  hesdmg  control under
certam condhons  of flight

The upper hmlt for rotor RPM 1s bawd on
both autorotatwe  charactenstxs  and structural
strength of the rotor system Structural tests
plus an adequate mslgm  for safety iwe  required
by FAA  safety standards for the certficahon  of
aircraft

Extreme atthdes  and overcontrolling

Dealgn  charactenstxs  of nearly all hellcopters
preclude the powbdlty of safe mverted fhght
Avoid  all maneuvers  which would place a hell-
copter m danger of such an extreme attitude

AvoId  loadmg  ri h&copter so &s  to cause an
extreme t.n&loa attitude mhen  takmg off to B
hover Aft center of granty  1s dangerous whde
hovermg and even  more  dangerous whde in  fhght
because of lnmted forward cychc stxk effectwe-
IleSS

avoId  heavy loadmg  forward of the center of
gravity The result 1s hmlted aft cycbc  s&k
effectnwwss, wluch  endangers controllablhty

-4nxd  an extreme nose-low attitude when exe-
cutlng  a normal takeoff Such an attitude may
requxe more  power than the engme  can delwer
and rmll  allow the h&copter  to settle to the
surfaca  III  an unsafe IandIng  attitude In the
event of a forced landmg,  only a comparatwely
level attitude can assure a safe touchdown

AvoId  abrupt appbcatmn of rearward  cychc
control T h e  vmlent  backward-pAclung  actmn
of the rotor &SC  may cause the mam  rotor blades
to flex downward Into  the tad boom

ivold large or unnecessary moxements  of the
cychc control &de  at a hover Such movements
of the cychc control can, under certam contitmns,
cause su&clent  loss of hft  to make the h&copter
settle to the surface
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Flight technique In hot weathw

1 Make full use of nmd  and translatmnal  hft
2 Hover as lov as possible  and no longer than

necessary
3 hfamtam  maximum  allowable engme  RPM
4 Accelerate wry  slowly into  forward flight
5 Employ runnmg  takeoffs and landmga  when

IlecesJary
6 Use caution  m maxmmm  performance take-

offs and steep approaches
7 AvoId hgh  rates of descent m all approaches

Effect of alhtude  on Instrument readings

The thmner  aw of higher  altitudes  causes the
axspeed  mdxator  to read “too low ” True an-
speed may be roughly computed by addmg  to the
mdlcated  airspeed, 2 percent of the mdxated  ar
speed for each 1,000 feet of altitude  above sea
level For example, an mdxated  alrspaed  of 80
MPH at 5,ooO  feet ~111  be a true amspeed of
approxnnately  88 MPH Tbs  computation may
be made more accurately by usmg a computer

Mamfold  pressure 1s reduced approxlmataly  1
mch  for each l,C+Xl  feet of Increase  m altitude
If a maximum  mamfold pressure of 28 Inches  can
be obtamed  at an elevation  of 1,000 feet, only
22 Inches  of mamfold pressure wll  be available
at 7,000 feet Thw loss  of mamfold pressurn
must be consldered when planmng  fbghta from
low alhtudes  to high  altitudes

High altltuds  pllot technique

Of the three major  factors hrmtmg  h&copter
performance at high  altitudes  (gross weight,
density  altitude, and wmd), only gross weight
maq  be controlled bj the pilot of a hellcopter
that IS equipped  with an unsuperoharged  engme
At the expense of range, smaller amounts of fuel
may be carned  to nnprove  performanw  or to
mcrease the number of passengers or the amount
of baggage Where practxal,  nmnmg  landmgs
and takeoffs should  be used Make ma-urn  use
of favorable wmd, mlth landmgs  and takeoffs
made drectly  mto the wmd If possible

When the wmd blows over large obstructmns
such as mountam  ndgea,  a condztlon 1s set up
smxlar  to that deplcted  111 the upper nght por-
tlon  of figure 81, however, It 18  a much more

dlsturbed  condltlon  The wmd blowmg  up the
slope on the mmdward  side 1s usually relatwely
smooth Homerer,  on the leeward side the wmd
~~111s  rapidly  down the slope, smular  to the way
water flows down a rough streambed, settmg  up
strong downdrafts and causmg the air to be very
turbulent (fig 67) The downdrafts  can be very
vlolent  and may cause aircraft to strike  the sides
of the mountams  Therefore, when approachmg
mountain ndgea  against the rind,  It 1s sound
practice to make an extra altitude  allowance to
assure safe terram  clearance Where pronounced
mountam  ridges  and strong winds  are present, a
clearance of 2,000 or 3,000 feet above the terram
IS consldered a desxable  mmmum Also. 1t  1s
advisable  to chmb to the crossmg  altitude  well
before reachmg  the mountams  to avoId haping
to make the chmb m a pewstent  downdraft

When operatmg  over mountamous  terram, fly
on the upend  side of slopes to take advantage
of updrafts When  landmg  on ridges, the safest
approach 1s usually made lengthwse  of the ridge
Fly near the upmmd  edge to arold posalbla  down-
drafts and to be m posltlon  to autorotate  down
the upamd  side of the slope III  case  of a forced
landmg “Rxlmg”  the updraft m this  manner
results m a lower rate of desoent,  improved  ghde
ratio, and greater choice  of a landmg  area

Tall grass  and water operations

Tall grass will  tend to disperse or absorb the
ground effect More power wll  be  requnxd  to
hover, and takeoff ma)  be very d5cult Before
attemptmg  to hover over tall grass. make sure
that at least 2 or 3 Inches  more mamfold pressure
1s avaIlable  than 1s reqmred  to hover over normal
terrain

Operations over water mlth a smooth or glassy
surface renders accurate altitude  detwnunatlon
very d&cult  Thus, caution  must be exerclwd
to prevent the h&copter from madvertantly
strlkmg  the aster Thw problem does  not exist
over rough mater, but a very rough water surface
may disperse the ground effect and, thereby, re-
qure  more power to hover Movements of the
water  surface, wmd “pples,  wavw,  currentflow,
or even agdatmn  by the hellcopter’s  own rotor
wash tand to gwe  the pllot a false feelmg  of
hellcopter  movement



CARBURETOR ICING

Csrburetor  ung  1s a frequent cause of engnrz
fallure The vaponzatlon  of fuel, combmed with
the expansion of an as It  paws through the
carburetor, WLUSBS  a sudden coohng  of the mix-
ture The temperature of the an pasang  through
the carburetor may drop as much as 60°  F xnthn
a fraction  of a second Water vapor III  the ax
1s “squeezed out” by this  coohug, and If the tern-
perature  m the carburetor reaches 32” F or be-
low, the moxture ~11 be deposIted as frost or ice
InsIde  the carburetor passages Even a shght
accumulation  of this  deposit will reduce power
and may lead to complete enwe fallwe,  par-
tlcularly  mhen  the throttle 1s partly oi- fully
ClOSed

Cond,hons favorable for carburetor icing
On dry days, or when the temperature 1s well

below freezmg, the molsture  in  the an- 1s not
generally enough to cause trouble But If the
temperature 1s between 20” F and 70”  F , wth
vwble  moisture o r  high hurmdlty,  t h e  pilot
should be constantly on the alert for Garburetor
nx During low or closed throttle settmgs,  an
e-e IS part~ulelly  susceptible  to carburetor
ICw3

Indicahons af carburetor icing

Indlcatlons of carburetor ice  Include  unex-
plalned loss of RPM or msmfold  pressure, the
carburetor an temperature lndlcatlng 111  the
“danger” (red arc) or “cautlort”  (yellow arc)
range, and engxx  mughness. A loss  of manifold
pressure  ~11 generally gwe the first mdxatlon,
however, due to the many small control (setting)
changes made LU  the throttle and collectwe  pitch,
this  may be less notrceable  Therefore, B close
check of the carburetor &lr  temperature gauge 1s
necessary $0  that carburetor heat may  be adjusted
to keep  the carburetor a1r  temperature gauge out
of the red and yellow &r‘cs

Carburetor ax  temperature gauges are  marked
with  a green MC  reprewntlng  the range of de-
wed operating  temperatures, B yellow a-c  mp-
resenting  the range of temperatures LU  wbch
csutlon should be exerc~ed  s~nca  xlng  IS possible,
and B nd  line  representmg the m&xunum  oper-
atlng temperature hnut Sometunes  a red UC  1s
used to mpmsent  the most dangerous range UI
wbch  carburetor KB  can be antlclpated The
carburetor heat control should be adjusted so that
the carburetor ax  tampersture  i-enxuns  III  the
green *TX
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Us.  of  carburetor  heat
The carburetor heater 1s an antmmg  demce

that preheats the an-  before  It reaches the carbu-
mtor Tbls preheatmg can be used to melt ice  or
snow entering  the Intake  duct, to melt ice  that
forms m the carburetor passages (provided  the
accumulation  IS not too great), and to keep the
fuel nnxtum  above the fmmng  pomt to prevent
formatIon  of carburetor ICX

When condltlons are  favorable for carburetor
mng, the pllot  should make the proper check to
see If any 1s present The mamfold pnmre
gauge should be checked, then full carburetor
heat apphed  untd It  1s c&am that If me WBS
present, It has been removed (During  this  check
8 constant throttle and collectwe  pitch settmg
should be mamtamed)  The carburetor heat
should then be returned to the OFF (cold) ~0s~.
tlon If the mamfold pressure  gauge mdxates

hqgher  than when the check was  mtmtad,  car-
buretor we  was  present

When them am mdxatlons  of carburetor mmg,
full carburetor heat should be apphed  until  the
mamfold pressure  returns  to normal and the en-
gme  IS runmng  smoothly The carburetor heat
should then be adjusted so that the carbumtor am
temperature gauge lndlcates  a safe operatmg
rsnge

Fuel lnjectton

Fuel qectlon  systems hare replaced carbure-
tms  m some h&copters  In the fuel qectlon
system, the fuel 1s normally m]e&d  Into  the
system &her dmctly  mto the cylmders or lust
ahead of the mtake  valve In the carburetor
system, the fuel enters the am-stream  at the throt-
tle valve The  fuel rqectlon  system 1s generally
consldemd  to be less susceptible  to mng  than the
carburetor system
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Chapter 11. HELICOPTER FLIGHT MANEUVERS

From the foregomg  chapters m this  handbook,
It should be obvmus  that the vanable  facton  of
wmd, temperature, hwm&ty, gross  weight, and
structural d&rences  of YIXIOUS  h&copter  models
greatly affect the operabon  of the h&copter
Even when flymg the same model h&copter, two
flights  P.I‘B  seldom exactly ahke  to the pllot  be-
cause of vanatmn m wmd  and density  altitude
Therefore, It 1s practically lmposslble to prescribe
h&copter  attltudw for the performance of each
flight maneuver sl~lce  thw  handbook should gen-
erally apply to all h&copters  hang  the cher-
actenstms  set forth on page 1 Attitudes,
arspeeds,  altitudes,  and power settmgs  rmll  vary
to smt  the weather, the particular h&copter, and
the losdmg For example, on a day wth  a
20-MPH  wmd  and B 1,000.foot density  altitude,
B c&am nose-low sttltude and power &tmg
dl be requwd  to hover and to uutmte  a depar-
ture from & hover to commence B normal takeoff,
the followmg  day, wth  a no-womd  contitmn  and
& 2,500-foot  den&y  altitude, both the nose  at&
tude and the power settmg for hovering and
mtmtlng  a departure from the hover may doffer
considerably m degree from the pn~lous  day
Obviously, then, It would be nnposslble for the
handbook to outlme  B specfic  new attitude and
power wttmg for departure from a hover There-
fore, this  chapter does not d&all each and every
attitude of a h&copter  m the venous  flight ms-
neuvers,  nor each and every more a pllot  must
make 1~  order to perform a gwen maneuver

VERTICAL TAKEOFF TO A HOVER

A vertxal  takeoff (or takeoff to ri  hover) 19  a
maneuver m whxh  the h&copter  1s rued VW-
tlcally from the surface to the normal hovermg
altitude mth  a mmunum  of lateral and/or fore
and aft movement

TECHNlQVE
1 Head the h&copter mto the wmd, If pos-

mble

2 Place the cychc stick  m the neutral pcatlon
3 Be sure  that the collectwe  pitch stxk  1s m

the full down posltlon
4 Increase the throttle smoothly to obtam and

malntaln  proper hover RPM

5 Rae  the collectwe  pitch Use  smooth, con-
tmuous  movement, coordmatmg  throttle to mam-
tam pi-oper RPM settmg As collectwe  pitch 1s
mcreesd  and the h&copter  becomes hght on the
slnds,  torque wll tend to cause the now to -g
to the right  unless the p&t adds a su&lent
amount of left pedal to ma1ntaln  * constant
headmg

6 As the h&copter  becomes  hght on the slnds,
make necessary cychc stick  correchons to ensure
a level attitude (for the eglstmg load and wmd
condltmns) on becormng  airborne, pedal conw-
tmns  to mantam  headmg, and collectwe  pitch
corrections to ensure  continuous  wxtlcal  ascent
to normal howxmg  &&de

7 When hovermg altitude 1s reached, adlust
throttle and collectwe  pitch as requred  to mam-
tam proper RPM and altitude Coordmate  pedal
changes vath throttle and collective changes to
madam headmg and use cychc BS  necessary to
mamtam  IX constant posltmn over the spot Re
membe--colle&va  pitch controls altitude, cycbc
pitch controls attitude and posltmn

8 Check engme  and control operatmn,  mam-
fold pressure requred  to hover, and note cychc
stmk  posItIon Cychc s&k  posltmn mll  v a r y
wulth  amount and dlstnbutmn of load and wmd
velocity

COMMONERRORS
1 Fsllmg  to ascend vertuzallg  as the h&copter

becomes a1rbome
2 Pullmg  through on the collectwe  after b-a-

commg turborne,  causmg  the h&copter  to gtun
too much slhtude  This,  m turn, necassltates



comparatwely  large throttle and collectwe  pitch
changes.

3 Overcontrolllng  the pedals, ahlch  not only
changes the headmg of the hehcopter  but also
changes RPM, thus necessltatmg  constant throttle
sdjustment.

4 Reducmg  throttle rapIdly m sltuatmns  where
proper RPM has been exceeded, which usually
results  11,  violent changes of headmg to the left
and Ia of hft resultmg  m loss of altitude

HOVERING

Hovermg  IS & maneuver m which  the heh-
copter  1s mamtamed  m nearly motionless  fhght
over a reference pomt at a constant sltltude and
on B constant hesdlng The maneuver reqmres  a
high  degree of concentratmn  and coordmstmn on
the part of the pilot When hovering, a p&t
holds the h&copter  over a selected pomt by use
of cyclm control, mamtams  altitude by use  of
colle&ve  pitch control, and malntsmz  a constant
heading by use of antltorque  pedals Only by
proper coordmatmn of all controls can successful
hovermg fight be achmved

Control correctmns  should be pressure rather
than abrupt movements. A constant pressure on
the deslred pedal ~111  result m B smooth rate of
turn, pronounced movements tend to jerk the
nose  around  If the h&copter  tends to mcwe
forward, XL shght amount of back pressure on the
cychc control stick  wll stop the forward move-
ment Just before the movement stops, back
pressure must be released or the h&copter  mdl
come to B stop, and start Into  rearward fight
AvoId  aaltmg  out h&copter moves, make all
cornctmns  ~mmedmtely  Stoppmg  a n d  stablhz-
mg the h&copter  at r~  borer  requwes  a number
of small correctmns  to avold  overcontrollmg

The attitude of the h&copter  determmes  Its
movements over the surface While the attitude
requwl to hover  vai-~~  with mmd  con&tlons and
center-of-gravity  locstmn,  there 1s a part~ular
attitude which can be found by experunentatlon
to keep the h&copter  hovering over a selected
pomt After  this  attitude  has been determmed,
devmtmns  can be noted and necessary carrectums
made before the h&copter  actually starts  to move
from the pomt

Hovermg  altitude 1s mslntamed by use of col-
l&we pitch,  coordmated  with the throttle, to

mamtam  B constant RPM The amount of wl-
l&we pitch needed to mamtam  hovermg altitude
vanes mlth  wmd, an- density  (density alhtude),
and groes  weight When II  steady wmd  1s blow-
mg,  very httle adjustment of the collectwe pitch
stick  should be requred  to hold n deslred sltltude
Only under rarmble and gusty \+md  condltmns
should any great collectwe  pitch control changes
be requn-ed

Coordmatmn of all  controls cannot be over-
emphasued Any change on one control will
almost always require a coordmated  correctmn
on one or more  of the other controls HOT.STlg

can be accomphshed m a preasmn manner only
when correctmns  are  small, smooth and coordl-
nated

COMMON ERRORS
1 Tenseness and slow reactmns  to movements

of the h&copter
2 Fadure to allow for lag m cychc and ollec-

tlve  pitch control whxh  leads to overcontrollmg
3 Confuslllg altitude changes for attitude

changes, resultmg  III  rnpmper  use of controls
4 Hovering  too high,  creating a hazardous

flight condltmn
5 Hovering  too l o w ,  resultmg  in  occamonal

touchdown

HOVERING TURN

A horenng  turn IS a maneuver performed at
hovermg altitude m which the nope  of the hell-
copter 1s rotated left or right mhlle  mamtammg
posltmn  over a referace  pant  on the surface
Thus  maneuver requres  the coordmatlon  of all
fhght controls and demands preaslon  control
near the surface Constant altitude, rate of turn
and RPM should be mamtalned

TECHNIQUE
1 Imtmte the maneux-er  from ii normal hover-

mg altitude by applymg  pedal m the dewed
dlrect1on  of turn

2 As the nose bagms  to turn, and throughout
the ramunder  of the turn, use cychc control to
mamtam posltmn  over the surface reference
pomt Use pedals to msmtam a slow, constant
rate of turn,  and use collectwe  pitch, along wth
proper throttle coordmstlon,  to mamtam  B con-
stant sltltude and proper operatmg  RP,M
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3 As the 180” posltlon  1s approached. antlcl-
pate the use of a small amount of opposite  pedal
As the tad of the hellcopter  snngs  from a PCS-
tlon mto the wmd  to a posltlon  doanmmd, the
h&copter rmll  have a tendency to whip  or m-
crew Its rate of turn as  R result of the weather-
vanmg  tendenq of the tad surface The higher
the wnds, the greater the wlnppmg  actlo,,

4 As the dewed headmg on which  the turn 1s
to be completed 1s approached. apply opposite
pedal as  necessaq  to stop the turn on this
headq

5 Durmg a hovering turn to the left, the RPM
WIII  decrease If throttle 1s not added, m a hover-
mg  turn to the right,  RPM wll  mcreaze  If throt-
tle 1s  not reduced shghtly (This  1s  due to the
amount of engme  power that 1$  bang  absorbed
l-y  the tad mtor  which  13  dependent upon the
pitch angle at mhxh the tall rotor blades are
operatmg )  Arold  makmg  l a r g e  corrections m
RPM whde  turnmg smce  the throttle sd~ustment
~111  result m erratic  nose movements due to
torque changes

6 If you mlsh  to deterrune the amount of left
pedal armlable,  make the first horermg turn to
the left If a 90°  turn to the left cannot be  made,
oi-  If an unusual amount of pedal 1s  rqmred  to
complete a 45O  hovermg  turn to the left, do not
attempt a turn to the right  ~mce  suffiaent  left
pedal may not  be avalnble  to prerent an  “ncon-
tmlled turn Hovermg power reqmres  a large
amount of left pedal to mamtan, headmg Suf-
fiaent left pedal III  ezc~~s  of t?w amau~t  must be
wallable  to prevent an  uncontmlled  turn to the
right  once the turn has begun

7 Horermg  turns should be avoided  m mmds
strong enough to preclude sufficient  aft cychc
control to mamtam the hellcopter  on the selected
mrface reference pomt  when headed down~md
Check the h&copter  flight manual for the manu-
facturer’s recommendations  for thw  lumtatlon

COMMON ERRORS
1 Fallmg  to mamtam a slow, constant rate of

turn
2 Fallmg  to mamtam pwtlon  over the refer-

ence pow.
3  Fmlmg to keep the RPM wlthm  normal

operatmg range
4 Frulmg to mamtsm constant altaude
5 Falling  to “se pedals properly

HOVERIN-RWARD  RIGHT

Forward hovermg fhght can  generally be  used
to move the h&copter  to r,  spec&  ama  unless
s t r o n g  wmds  prohblt  cmsswmd  o r  downwmd
hovermg A howrmg  turn 1s utdwzd  to head the
h&copter  III  the  da&on  o f  t h e  deared ra-ea,
then forward &ght  at a,  slow speed 1s used  to
move  to the zwea During the maneuver, constant
groundspeed.  altitude,  and headmg should be
“lalntalned

TECHNIQUE
1 Before startmg,  pick  out two references dl-

rectly m front of the h&copter  and III  lme  wth
It These reference pomts should be kept m lme
throughout the maneuver (fig 69)

2 Begm the  maneuver  from a normal hovering
alhtude by applymg forward pressure on the
cychc stxk

3 As movement tmgms,  return the cychc s&k
toward the neutral posItIon  to keep the ground-
speed at a low rateno  faster than  normal
makmg speed

4 Thmughout the maneuver, mamtam a con-
stant groundspeed  and ground track with cychc
stwk,  a constant headmg  with pedals, a constant
altitude wth collectwe  pitch control, and proper
operatmg RPM with throttle

5 To stop the forward movement, apply rear-
ward cychc pressure  until the h&copter  stops
As forward mohon  stops, the cycbc must be re-
turned to the neutral patlo” to prevent  rearward
movement Forward movement can  also be
stopped by smply  applymg enough rearward
cychc pressure to level the h&copter  and let It
drift  to B stop

CONMONERRORS
1 Erratic  movement of the cychc stxk,  rwult-

mg  m overcontrol and err&x  movement over  the
surface

2 Fadurn to use pedals properly, resultmg  m
exces~ve  headmg changes

3  Fallure  t o  mamtam  dewed hovering alh-
tude

4 Fmlure  to mamtam proper RPM



HOVERING-SIDEWARD FLIGHT

Sldeward hoverlng flight may bs necessary to
move  the h&copter  to a specific area  when condl-
tlonS  make It nnposslble to use forward fight
Durmg the msneuver,  a constant groundspeed,
sltltude, and headmg should be mamtamed

TECENZQUE
1 Before startmg sldeward flight,  pick out two

reference points m a hne  m the  dnwt~on sldeaard
fight 1s to be made to help you mamtam  proper
ground track (fig 68) These reference pants
should be kept m hne  throughout the maneuver

2 Begm the ml~neuver  from a normal hovermg
eltltude by applymg  c>chc toward the side  m
whxh  movement IS deslmd

3 As movement begms,  return  the cychc stwk
toward the neutral posltlon  to keep the ground-
speed at B slow rate-no faster than normal
walkmg speed

4 Throughout the maneuver, mamtam a con-
stant groundspeed and ground track mth  cychc
stmk, a constant headmg (parpendxular  to the
proposed ground track) mlth  pedals, a constant
altitude with  collectwe  pitch control, and proper
operstmg  RPM wth  throttle

5 To stop the sldewerd movement, apply cychc
pressure  m the drectlon  opposite  to that of move-
ment, and hold It until  the h&copter  stops ks
motion stops the cycho  stick  must be returned to
the neutral pwtlon to prevent movement m the

opposite  drxtlon SIdeward movement also can
be stopped by sunplj applymg  enough opposite
cychc  pressure to level the hellcopter Then 1t
~11 drift  to a stop

COMMONERRORS
1 Err&c  movement of the cychc shck,  result-

mg III  overcontrol and err&c  movement wei- the
surface

2 Frulure  to use proper pedal control, resultmg
m e~~esswe  headmg change

3  Fallure  t o  malntsm  dared howmg  sltl-
tude

4 Failure to mamtam  proper  RPM
5 Fallwe  to make alearmg  turns prior  to start-

mg the maneuver

HOVERING-REARWARD FLIGHT

Rearward hovermg fhght may be necessary to
mow  the hellcopter  to a spec16c  area when the
sltuatlon IS such that forward or sldeward fight
cannot be used Durmg the maneuver, constant
groundspeed,  altitude, and headmg should be
mamtalned The area  behind  the hehcoptar must
be c.mwfolly  cleared before the maneuver  1s begun

TECHNIQUE
1 Before atartmg  rearward flqht,  pick out two

reference pomts 111  front of, and 1~  B lme  wth



the h&copter  to help you msmtam proper ground
track (fig 69) The movement of the h&copter
should be such that these reference pomts xmmm
III  & hue

2 Begm the msneurer from a normal  hovering
altitude by applymg  rearward prassure  on the
q&c stick After movement has begun, posItIon
the cychc stick  to mamtaln  a slow groundspeed

3 Throughout the maneuver, men&m  constant
groundspeed and  ground track with  cychc stick,
constant heading with  pedals, and constant altl-
tude  with  collectwe  pitch control, along with
throttle coordmatlon, to mamtsm  proper RPM

4 To stop the rearward movement, apply for-
ward cycbc and hold It until  the h&copter  stops
As the motion stops, return the cychc stick  to the
neutral pcatlon Also, as m the case of forward
and sldeward  fight,  forward cychc can be used
to level the h&copter  and let It drift  to a stop

COMMON ERRORS
1 Erratic movement of the cychc stick,  rssult-

mg m overcontrol  and an uneven movement over
the surface

2 Fallwe  to use pedals properly, resultmg  m
excmsve headmg change

3  Fadure t o  mamtam  dewed hovermg altl-
tude

4 Fsllure to mamtaln  proper RPM

6 Fulure  to make clearing turns prior  to start-
mg the maneuver

TAXIING
Tang 1s the mtentlonal movement of the

h&copter, under Its  own power, wh&  remamlng
m contact with the surface

TECHNIQUE
1 The h&copter  should be m 8,  stationery po-

sItIon  on the surface with  the collectwe  pitch full
down, and the RPM the s&me  as that which IS
used for hover operations.

2 Move the cycbc shghtly forward of the
neutral pwltlon  and apply B gradual upward
pressure on the collectwe  pitch to move  the heh-
copter forward along the surface Use  pedals to
ma~ntam  headmg and cychc to mtuntsm  ground
track.

3 The collectlva pitch controls stating,  stop-
pmg, and rate of speed whde taxllng The
hgher  the collectwe  pitch, the faster wdl be the
taxi speed Taxi at a speed no greater than that
of B normal walk

4 Dung crosswmd  taxi,  the cyclx  should be
held mto the wmd  & su5clent amount to elnnmate
any dnftmg  movement

5 Mamtam proper RPM at all tunes

COMMONERRORS
1 I m p r o p e r  USB  o f  cychc stick-usmg  t h e

cycbc to control startnlg,  stoppmg,  and rate  of
speed

2 Fallure  to use pedals for headmg controL
3 Improper USB  of controls during crosswmd

operations
4 Failure to mamtam  proper RPM



NORMAL TAKEOFF FROM A HOER
Takeoff from a hover IS  an orderly transItIon

to forward flight  and IS  executed to mcrease  al&
tude safely and expedltlously

TECHh71Q  UE

1 Brmg  the h&copter to a hover Check en-
gme  and control operation Note the cychc  stick
posltlon  to determme  If the aircraft  IS  loaded
properly Check the marufold  pressure requred
to hover to determme  the amount of BHC~SS  power
ava&~ble

2 Vwuallj clear the area  all around
3 SmoothI>  and slowly ease the cychc s&k

forward Apply lust  enough forward cychc
pressure to start the h&copter mormg  fornard
over  the surface (fig 70)

4 As the h&copter starts to move forward,
mcrease  collectlre  pitch  AS  necessa~  to prevent
dascendmg,  and adjust  throttle to mamtan  RPM
The mcrease  in  power will  requre  an  mcrease  m
left pedal  to mamtam  headmg A straight  take-
off path should be mamtamed  throughout the
takeoff

5 As you accelerate to effectwe  translstlonal
hft, the h&copter ml11  begm  to chmb  and the
nose  ~111  tend to ruse  due to mcreased  hft At
tius  pant adjust collective  pitch  to obtam  normal
clnnb  power and appl3  enough forward cychc

stick  to overcome the tendencj  of the nose  to ruse
Hold an  attitude  that ~111  allow B smooth ac-
celeratlon  toward chmbmg  axspeed  and a oom-
mensurste  gun m altitude  so that the takeoff
profile wdl not take you through any of the cro’oss-
hatched area  of the haght-veloaty chart for the
particular  h&copter bang flown As axsped  1s
mcreased,  the streamlmmg  of the fuselage II+
duces  engme  torque effect, requrmg  a gradual
reduction  of left pedal

6 ils  the h&copter continues  to chmb  and ar’-
speed approaches normal chmb  speed, apply aft
cychc stick  pressure to rase  the nose smoothly
to the normal climb  attitude

COMMON ERRORS

1 Falhng to use sui3icmnt  collectwe  pitch  to
prevent loss of altitude  prior to attammg  transla-
t1ona1  lift

2 Addmg  power too rapuily  at the begmung
of the transltlon  from hovermg  to forward fight
wlthout  forward cychc compensation,  causmg  the
h&copter to gun exm~ve  altitude  before BC-
qumng  axspeed

3 Assummg  sn  extreme nose-down sttltude
near the surface 111  the transltlon  from hovermg
to forward  flight

4  Fallmg  t o  mamtam  a strslght  fllghtpath
over the surface (ground track)



5 Fdmg  to malutam  proper an-speed durmg
the clnnb

6 Falling  to adjust the throttle to malntaln
proper RPM

Cmsrwnd  consldemtnu  during takeoffs
If a takeoff 1s  made durmg  crosswmd  condl-

tlons, the h&copter  1s flown m a shp  (p 83)
during the early stages  of the maneuver The
cychc pitch IS h e l d  Into  t h e  wmd  a su5c~ent
amount  to man&m  the  selected ground track for
the takeoff, and the headmg  IS kept straight  along
the takeoff path usmg  the antItorque  pedals (fig
71) Thus, the ground track and fuselage an
ahgned  vnth each other In other words, the
rotor IS tIlted Into the wmd  so that the sldeward
movement of the hellcopter  1s lust  enough to
counteract the wmd  drift To prevent the ncse
from turnmg m the dwect~on  of rotor tilt,  It wdl
be necassary  to mcrewe  pedal pressure on the
side  opposite  to rotor tdt  The stronger the
crosswmd  component, the greater the amount of
oppoate  pedal pressure requll-4  to malnta1n
headmg

After approxnaatelg  5 0  f e e t  o f  altitude 1s
gamed,  B headmg  (crab) mto the wmd  (fig 71)
should be  estabhshed  by B coordmated  turn to
mamtam  the dared ground track The stronger

the crosswmd  component, the more the h&copter
~11 have to be turned mto the wmd  to mamtaln
dewed ground track Once stnlght-and-level
flight on t h e  desred headmg  1~  obtamed,  t h e
pedals should contmue  to be used  aa  necasary  to
compensate for torque to keep the h&copter  m
lon@tudmal trun

NORMAL TAKEOFF FROM THE SURFACE

Normal takeoff from the surface 1s used to
move  the h&copter  from a poslhon  ~1  the surface
mto effectre  translatmnsl bft  and a normal chmb
usnlg  * mlmmum  amount of power

TECHNIQUE
I Place the h&copter m a statmnary pa&on

on the surface, lower the collectwe  pitch to the
full down posItIon,  and  reduce the RPM below
operatmg R P M  Visually c l e a r  t h e  area  a n d
select tarram features or other obJecta  to ald  m
mamtammg  the dared track during the takeoff
and cllmbout

2 Increase the throttle to proper  RPM and
P&I%  the collectwe  pitch slowly until the heh-
copter 1s hght on the shds Hat&e  momentar-
11y  and adjust cychc and pedals  as  necessary to
prevent any surface movement



3 Contmue  to apply upward collectwe  pltcb
and,  as the  h&copter  breaks ground, use cychc
as necessaq  to assure forward movement as altl-
tude 1s gamed

4 Contmue to accelerate the axcraft  and, BS
effectwe translatmnal  hft 1s attuned the heh-
copter ~11 begm to chmb Adjust attitude and
power, If necessary, to chmb  m the swne  manner
as a takeoff from & hover

COMMON ERRORS
1 Departmg  the surface m an attitude that 1s

too nose-low This &u&on requres  the use of
excasslve  power to mltmte  a climb

2 Usmg exce.sswe  power combmed nlth too
level an attitude,  ahlch  causes a vwtwal climb

3 Too  abrupt apphcatmn of the collective
pitch when departmg  the surface, causmg  RPM
and headmg control errors

STRAIGHT-AND-LEVEL FLIGHT
Straight-and-level  flight 1s  flight m whxh  a

constant altitude and headmg are msmtamed
(The straight-and-level  flight attxtude  1s the at&
tude of the h&copter  necessary  to mamtam
straight-and-level  flight The level-fight attitude
1s the attitude of the h&copter  necesa~  to mam-
tam altitude These terms are  used throughout
this  handbook )

The azpeed 1s  determmed by the attitude of
the h&copter The attitude of the h&copter IS
controlled by the movement of the cychc control
rtwk, altitude IS pnmsnly  mamtamed  by use of
the collectwe  pitch To mamtam  forward flight,
the rotor tip-path  plane must be tllted forward
to obtam the necessary honwntal  thrust compo-
nent from the man  rotor Tlus  ~11 generally
result m B nose-low attitude The lower the nose,
the greater the power requued to mamtam alto-
tude (and the higher the resultmg  speed) Con-
versely, the greater the power  used, the lower the
~OSB  must be to memtam altitude

When m straight-and-level  flight,  an mcrease
m collective pitch whde holdmg  uspeed con-
stant with  the cychc control c&uses  the h&copter
to chmb, a decrease m collectwe  pitch while
holdmg axspeed  constant c&u689  a descent A
con-e&on  on the collectwe  pitch control requnw
coordmated  wrrectlon  on the throttle control m
order to mamtam a constant RPM, and on the
anhtorque  pedals to mamtam headmg and to

keep the h&copter m lon@tudmal  trnn  Coor-
dmated fhght should be mantamed  (that 19,
nelther  sbppmg  nor sklddmg)

T o  mcrease  alrspeed  m straight-and-level
fllght,  apply forward pressure on the cychc con-
trol stick  and rmc8  the collectwe pitch BS  IIBCBS-
cary  to mamtam alhtude To decrease uspeed,
apply aft pressure on the cychc control stick  and
lower the collectwe  pitch as necessary to mamtfun
altitude

Although cychc pitch control 1s sensltwe,  there
IS 8. shght  delay m control reaction and It  ~111  be
necessary to antnpate  actual movement of the
h&copter In makmg  cychc correctmns  to con-
trol the attitude or axspeed  of a hehcopter, canz
should be taken not to overcontrol If the nose
of the h&copter rises  above the level-flight  atil-
tude, forward pressure 1s apphed  to the cychc
stick  to brmg the nope  down If ths  correction
1s held too long the nw.z  ~111  drop too low Smce
the h&copter  ~11 contmue  to change attitude
momentarily  after the contmls reach  neutral, re-
turn the cychc stick  control to neutral shghtly
before the dwred attitude 1s reached This  prm-
clple holds true for any cycbc  pitch control col-
rect1on

The h&copter 1s mherently  unstable If gusts
or turbulence cause the nose to drop, It  ~11 tend
to contmue  droppmg  mstesd of returnmg  to a
straight-and-level  attitude as would a fixed-wng
all-craft B pllot  must mman  alert and FLY
the h&copter at all tunes.

COMMONERRORS
1 Fallurn  to trim properly, tendmg to hold

pedal pressure and oppate cychc
2 Fallurn  to hold best axspeed  Aft cychc

pressure  daslpates  airspeed wIthout slgnficant
climb

3 Fallure  to reco,@v.e  proper control posltlon
for msmtauung crab-type drift  correctmn

TURNS
A turn 1s  a maneuver used to change tha head-

mg of the  h&copter The aerodynamics  of B
turn  have been &sassed  previously-hft com-
ponents, loss  of vertical  hft, and load factors
and should be thoroughly understood

Before begmnmg any turn, the area  m the dl-
rectum  of the turn  should be carefully cleared
above, below, and at the flight level To enter a
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turn  fmm straight-and-level  fhght,  apply  mde-
ward pressure  on the  cychc stick  m the dn-ectxm
the turn 1s to be made This  1s the only control
movement necessary  to stmt  the turn Do not
we  the pedals to asslst  the turn  The pedals
should be used  to compensate for torque to keep
the h&copter  m lon@tudmal  trim The mom
the cyclw stick  1s dmplaced, the steeper the angle
of bank, therefore, adlust the cychc stxk to ob-
tam and mamtam the dewed bank throughout
the turn Increase collectwe  pitch and throttle
BS  necessary to mamtam altitude and RPM, and
mcrease  left pedal pressure  to counteract the
added torque effect and to mamtam  lon@tudmal
tnm Dependmg  on the degree of bank, addl-
honal forward cychc pressure  may be requmed
to malntalll  airspeed

Recovery from the turn  1s the same as the
entry except that pressure on the cyclic stick  1s
applmd  m the  oppate dnwctum Since  the hell-
copter xv111  contmue  to turn  ~6 long as there IS
any bsnk,  start the rollout before reachmg the
dewed headmg

The dlscussmn  on level turns IS equally ap-
pllcable to makmg  turns while chmbmg or de-
wandmug,  the only d~ff‘erence  bang  that the
hellcopter  ~111  b e  III  a cllmbmg or descendmg
attitude rather than the level flight attitude I f
a smultaneous entry 1s  dewed,  merely combme
the tecbmques  of both maneuverjchmb  oi- de-
scent entry and turn entry

Skids
A slfid  occurs when the h&copter  sbdes side-

ways  away from the center of the turn It 1s
caused  by too much pedal pressum  m the dnw-
tmn  of turn, or by too httle m the dnwtmn
opposite  the turn m relatvm  to the amount of
collectwe  stick  (power) used If the h&copter
1s forced to turn faster wvlth  mcmased  pedal
pressure mstesd of by mcreasmg  the degree of
bank, It ml1 slnd  sldeways  away from the center
of turn Instad of flymg III  its  normal curved
pattern, It ~111  fly 8 stralghtar  coulse

In B right chmbmg turn, If msu&lent  left
pedal m applxd  to compensate for increased
torque effect, a shd  will occur In a left olnnbmg
turn, lf excesslYe  lsft pedal 19  apphed to cornpen-
sate  for mcreased  torque effect, a slad will occur

In B right descendmg turn,  If exe-ve  nght
pedal 1s  apphed to compensate for decreased
torque, a skid  will occur In a left descmdmg

turn, If msuffiment  right pedal 1s apphed to corn-
pens&  for the decreased torque effect, B slnd
Will  OCCllr

A skid  may also occur  when flymg stralght-
and-level If the nave  of the h&copter  1s allowed
to move  sideways  along the honzon This  con&-
tmn  occurs  when unproper  pedal pressure 1s held
to counteract torque and the h&copter  1s held
level walth  cychc control

Slip
A shp  occurs when the h&copter  shdes  side-

ways toward the center of the turn It 1s caused
by an msu5clent amount of pedal m the dmectmn
of turn (or too much III  the dmectmn  opposite
the turn) m relstmn  to the amount of collectne
stick  (power) used In other words, If nnproper
padal pressure IS held, keepmg the nose  from
follonng the turn, the h&copter  ml1 shp  side-
ways toward the center of turn

In a right chmbmg turn, If excesswe left pedal
1s apphed to compensate for the mcmased  torque
effect, a sbp WLU  occur In a left clunbmg turn,
If msu6iclent  left pedal 1s applied  to compensate
for the mcreased  torque effect, a shp  ~11 occur

In B nght descendmg turn, If msu5cxnt  right
pedal 1s apphed to compensate for the decreased
torque effect, B slip WLU  occur In B left descend-
mg turn, If excesave right pedal 1s apphed to
compensate for the decreased torque effect, a sbp
mill  occllr

A shp  may also occur m straight-and-level
flight If one side of the h&copter  1s low and the
lose  1s held straight  by pedal pressure This  IS
the tecluuque  used m correctmg for a crcwvmd
durmg an approach and durmg ri  takeoff when at
a low altltuds

Summanzlng then, a skid  occurs when the rate
of turn 1s  too fast for the amount of bank balng
used, a shp  OCCUPS  Then the rata  of turn  IS too
slow for the amount of bank bang  used

COdlMON  ERRORS
1 Usmg pedal pressures for turns This  1s

usually not necessary for small h&copters

NORMAL CLIMB

The entry mto B chmb  from B hover has al-
ready been dwxased  under L‘Kormal  Takeoff
From a Hover” This  dlscussmn  wdl  ix llrmted
to ri  clnnb  entry from cru~smg  fight.



TECHNIQUE
1 To enter a chmb  from crmsmg  Aught,  apply

aft cychc stick  to obtam the spproxnnate  clnnb
attitude,  sunultaneousl~  mcrease  collectwe  pitch
to obtam clunb  mamfold pressure, adjust throttle
to mamtam or obtam chmb  RPM, and mcrease
left pedal pressure to compensate for the m-
creased torque

2 As the awspeed  approaches normal chmb
arspeed,  make further adjustments of the cychc
control to obtam and hold this  ax-speed

3 Throughout the maneuver, mamtam chmb
attitude,  headmg, and amspeed  with  cychc con-
trol, chmb  mamfold pre.wxre  and RPM  with
collectwe  pitch  and throttle, and longaxlmal
trim  with  antltorque  pedals

4 To level off from B chmb,  start adjustmg
attitude  to the level fight  attitude  a few feat
prior to reachmg  t h e  d e w e d  altitude  T h e
amount of lead  rnlll  depend upon the rate  of
clunb  at the tune  of level-off-the higher  the
rate of chmb,  the more the lead Apply forward
cychc  to adjust  to and mamtam the level flight
attitude,  mhch  wdl lx shghtly nose low, msm-
tam  climb  power  until  arspeed  approaches de-
smd crumng  amspeed,  a t  which  tune  t h e
collectwe  should be lowered to obtam crulsmg
mamfold pressure and throttle adjusted to obtam
and mamtam cruwng RPM Throughout the
level-off, mamtam lon@tudmal  true  and constant
headmg  mth  pedals

COMbfONERRORS
1 Fmlure  to hold proper mamfold pxwsure

and airspeed
2 Holdmg too much or too httle  left pedal
3 In level-off, decmasmg  power  before lower-

mg  the nose  to crusmg  attitude

NORMAL DESCENT
A normal descent IS  a maneuver  m whwh  the

h&copter loses altitude  at a  controlled rate whde
m a controlled attitude

TECHNZQUE
1 To estabhsh  a normal descent from straight-

and-level flight  at crulsmg  axspeed,  lower collec-
twe pitch  to obtam proper marufold  pressure,
adjust  throttle to mamtaln  RPM, and mcrease
right  pedal to msmtam  headmg If cnnsmg  am-

e-4

speed 1s the same as, or shghtly  above  descendmg
awspeed,  smmltaneously  apply the necessary
cychc stick  pressure to obtam the approxnnste
descendmg  attitude If cnxsmg  arspeed  IS  well
above descendmg  aImpeed,  the level flight  attl-
tude  may be mamtamed  untd  airspeed  approaches
descendmg  wspwd, a t  ahlch  tune  the  nwe
should be lowered to the descendmg  attitude

2 Throughout the maneuver. mamtam de-
scendmg  attitude  and anxpeed  nlth  the cychc
control, dexendmg  mamfold pressure and RPM
wth  collectwe  pitch  and throttle. and headmg
wth  pedals

3 To level off from the descent, lead  the de-
wed altitude  by an amount that WLU  depend
upon the rate of descent at the tune of level-off,
for example, the hlgher  the descent, the greater
the lead At ths pomt,  mcrease  collectwe  pah
to obtam crusmg  mamfold pressure, adlust
throttle to msmtam RPM, mcrease  left pedal
pressure to mamtam headmg, and adlust  cychc
s&k  to obtam  cru,smg  an-speed and the level-
flight  attitude  a.s  the desred  altitude  1s  reached

COMMON ERRORS
1 Failure  to hold constant angle of descent

(trammg  purposes only)
2 Fallwe  to adjust pedal pressures for changes

In  po*er

APPROACHES
An approach 1s & transltlon  maneuver m which

the h&copter 1s  flown from traffic pattern  altl-
tude to a hover at normal hovermg  altitude  and
wolth  zero groundspeed  It 1s basically  a power
ghde made  at an angle of descent correapondmg
to the type of approach that 1s made

A h&copter pllot should be proficmnt  111  per-
forrmng  t h r e e  basic  t ypes  o f  appmeche
normal, steep, and shallow-and should know
how to analyze mfluentml  outslde  factors, and
know how to plan nn  approach to fit sny par-
tuxlar situation Chou  of approach 1s  governed
by the SEX  of the landmg  area, barrlerr  m the
approach path, type of surface, temperature,
&&de, density  altitude,  mmd  drectlon,  wmd-
speed and gross  waght

All approaches should be regarded &s pramon
approaches  and should be made to a predete
mmed  pomt Rate of dcxxent  and uspeed are



mdependently  controlled b>  the pllot Therefore,
httle  tolerance should be  gwe” to ovenhootmg  a
chosen landmg spot T o  malntam  a maxunum
margl”  of safety I” each type of approach, effec-
tire  tra”slat~onal  hft should be retained  BS  long
as practxable

Facton to conrlder when making approaches

Evaluatlo”  of exlsbng nmd con&tlons must be
made before startmg  a” approach Although the
approach IS generally made Into  the wnd,  condl-
tlons  may m&c&  that entry ~111  have to be made
from B downwInd  o r  crosswind  posltlon T h e
traffic pattern 1s generally flow” at “Or”ml  or
nearlj normal  cr”lse  axspeed  T h e  veloaty  o f
the mmd  determmes  the arspeed that ~11 be
mamtamed  after the approach 1s “utmted Air-
speed should be ma-eased  I” proportlon to any
increased  wmd  reloclty Angle of descent should
mm&m  co”stant, regardles\  of wnd  velocity

Before attempting normal and steep approaches
to a.  hover, the pilot should know that sticvant
hovermg  poser  1s avadable For a shallow zap-
preach  tennlnatmg m a runnmg  landmg, B snr-
face area of sufficient  length and smoothness  must
be av&.ble

Crosswmd  approaches are made by crabbing
o r  shppmg, o r  b y  a combmatlo” o f  b o t h  T o
m a k e  rnnnlng  landings  1”  s t r o n g  crosswnds.
It may be necessary to touch down mltmlly rmth
the mmdward  (“pwnd)  slnd  to avold  dnftmg

RPM should nmam  constant dnnng all ap-
proaches If RPM IS allowed to fluctuate or
change abruptly, vanatlons  of torque forces ml1
caus  the fwelage to yaw around  the vertrc~l
alxls  and control wdl  be d5c”lt  To ma&al”
p r o p e r  dxectlonal c o n t r o l .  changes  I” R P M
and/or collectwe  pitch settings must be made
smoothly and must be accompanied  by appro-
pnate  changes m sntltorque pedals

NORMAL APPROACH TO A HOVER

B normal  approach to a hover IS basically  B
power ghde  made at B”  angle of descent of ap-
provmmtely  10” (fig 72) This tJpe of approach
IS “vzd m the ma]orQ  of cases

TECHLVIQ  UE
1 The entrg  to the downmlnd  leg should be

made  at a 4S’=  angle to the dovmnlnd  leg so that
the actual turn to the doanwmd leg will be ac-
compbshed  opposlta the nnddle  one-thnd of the
runwa, The transltlo”  from downwmd  leg to
the final sppmach leg may be made by two 90”
turns I” wbch  a de&te  base leg 1s estabhshed,
OP  by a 180’  turn At all times  during this tran-
sltlon. sufficient  sltltude s h o u l d  be  svallable M)
t h a t  I” c a s e  o f  engine  failure,  B”  autorotatwe
landmp  can be completed Into  the amd  The
pant  m the traffic pattern at which  the power
reduction  IS made should be  deternuned  by this
fact



2 Imtmte  the approach by lowermg  the collec-
tlve  pitch  control the amount requred  to descend
at an angle  of approxnnately  10” on the tinal
approach leg As collectwe pitch  1s  lowend, m-
crease  right  pedal as necessary to compensatx  for
the change m torque mactlon  to mamtam head-
mg,  and adjust throttle to mamtsm  proper RPM
Decelerate to the appmxnnate  aIrspeed,  then fur-
ther adjust sttltude  as  necessary to mamtam ap-
proach alnpeed
3 The angle of descent 1s  pnmanly contmlled

by collective  pltcb, the slrspeed  1s pnmanly con-
trolled by the cychc  control, and headmg  on final
approach IS  mamtamed  with  pedal control How-
ever, only by the coordmatmn  of all controls can
the approach be accomphshed  successfully

4 The approach auspeed  should be mamtsmed
until  the pomt  on the approach IS  reached when,
through evaluation  of apparent groundspeed,  It
1s  determmed  that forward anspeed  must be
progressively  decreased m order to arnw  at
hovering  altitude  and sttltude  at the &ended
landing  spot mth  zero groundspeed

5 As forward axspeed  1s  gradually reduced by
t h e  applxatlon  o f  rem-ward  cyclic,  addltlonal
power (collectwe pitch)  must be apphed  to com-
pensate for the decrease m trsnslatlonal  hft and
to msmtam  the proper angle of descent As
collectwe  pitch  1s mcreased,  left pedal must be
mcreased  to mamtam headmg,  throttle adjusted
to mamtam RPM, and cychc  pitch  coordmstad
to mamtam  the proper rate of closure to the
deared  spot (a conhnual  decrease m ground-
sped)

6 The approach 1s  te-sted  at hovermg
alhtude  above the mtended  landmg pomt  wth
zero groundspeed  If power has been properly
applied  durmg the final  portion  of the approach,
very  httle  addItIona porrer  should be required
durmg the tennmatlon

7 If the con&tlon  of the landmg  spot 1s  un-
known, the approach may be termmated  ]ust
short of the spot so  that It  can be checked before
movmg  forward for the landmg

COXMON  ERRORS
1 Fallmg  to mamtnm  proper RPM durmg the

entne  approach
2 Improper use of the collechve  pitch  1x1  cow

trollmg  the angle of descent

3 Fsllmg to make pedal corrections  to eom-
pensate  for collective  pitch  changes durmg the
approach

4 Fadmg to wnve  at hovermg  sltltude,  hover-
mg  attitude,  and zero groundspeed  almost  snnul-
taneous1y
5 Low RPM m trsnslhon  to the hover at the

end of the approach
6 Using  too much aft cychc  s&k  close to the

surface, whxh  may result m tall  rotor stnkas

Crosswind consldemtionr in approaches

Durmg  the early stages of B crosswmd  ap-
proach, a crab and/or a  shp  may be used (fig 71)
Durmg  the final  stages of an  appmach,  begmnmg
st  appmxnnately  50 feet of sltltude,  a shp  should
be used to a&n  the fuselage with  the ground
track The rotor 1s  tIlted  Into  the wmd  (wth
cychc  pressure) enough so  that the sldewmd
movement of the h&copter  and wmd  dnft CQILU-
temt  each other Headmg  1s  mamtamed  along
the ground track with  the antItorque  pedals
(SW “Crosswmd  Conslderatlons  Durmg  Take-
offs”) Thus  techmque  should be used on any
type of crossrmnd  approach-shallow, normal, or
*=P

NORMAL APPROACH TO THE SURFACE

When It  1s  known or suspected  that loose snow
or dust exists  on your landing  spot, an  approach
to the surface may be used It may  also be used
when the surface 1s unfavorable for a nmnmg
landmg, and  high  da&y altitude  or heavily
loaded condltlons  exist

TECENlQUE
The approach 1s  the same a~  the normal  ap-

proach to B hover However, the approach should
be contmued  to touchdown, termlnatmg  111  a
slnds-level  attitude  wth  no forward movement

COMMONERRORS
1 Tennatmg  at a hover, then makmg  B

vertxal landmg
2 Toucbmg  down vnth  forward movement
3 Approachmg  too slow, mqmnng  the  usa  of

ex~esswe  power durmg the termmatlon
4 Appmachmg  too fast, causing  a hard land-

‘ %



STEEP APPROACH TO A HOVER

A steep approach IS used pnmanly  when there
am obstacles m the approach path that are  too
high to allow a normal approach A steep ap-
proach ~111  pernnt  entry mto most con!ined
BIWLZ  and 1s sometunes  used  to avoId areas of
turbulence around a puma& An approach
angle of approxlmstelg  150  1s normally used for
steep approaches (fig 73)

TECHNIQUE
1 Entry 1s made m the same way BS  for a

normal approach, except that .a greater reduction
of collectwe pitch IS usually nqulred  at the be-
gmnmg of the approach to start the descant than
for a normal approach As collectwe  pitch  IS
lowered, mcreax  right  pedal to msmtam headmg
and adjust throttle to mamtam  RPM

2 As ~II  B normal approach, the angle of de-
scent 1s  pnmanly  controlled by collectwe  pitch,
and the speed 1s pnmanly  controlled by the cychc
control Howerer,  only by the coordnmtmn  of
all c.ontroLv  can the approach be accomphshed
successfully

3 The approach urspeed  should be mamtamed
until  the point on the approach 1s reached where,
through evaluation of apparent groundspeed, It
1s determmed that forward an-speed must be
progresswely  decmased  m o rder  t o  ai-rive  a t
hovermg altitude at the Intended  landmg spot
wth  zero  groundspeed Thus  1s very nnportant

smca  a flare should not be made near the surface
due to the danger of tall mtor strikes

4 As forward snxpe.ed  1s gradually reduced by
the apphcatlon  of rearward cychc pressure, sddl-
tlonal power (collectwe  pitch) must be apphed
to compensate for the decrease III  translational
hft  and to mamtam  the proper angle of descent
As collectwe  pitch 1s mcreased,  left pedal must
be mcressed to mamtam  headmg,  throttle ad-
justed to mamtam  RPM, and cychc pitch coordl-
nsted to man&am  the proper change m forward
Sll-Spd

5 Smce  the angle of descent on a steep ap-
proach 1s much steeper than for a noma1  ap-
preach,  the collectwe  pitch must be used much
sooner at the bottom of the approach The ap-
proach 1s termmated  at hovering altitude above
the Intended  landmg pomt wwlth  zero ground-
speed If power has been pmperly  applied dur-
mg the !&al  portmn  of the approach, very httle
addItIona  power should be requwd  dormg  the
telnllnat10n

COMMONERRORS
1 Falhng  to mamtam  proper RPM during the

entire  approach
2 Improper use of collectwe  pitch ~11 control-

hng the angle of descent
3 Fa11mg  to make pedal corrections  to com-

pensate for call&we  pitch changes dung the
approach



4 Slowmg  sIrspeed excessively m order to re- 5 Fadmg  to mamtam  tx constant rate of de-
mam  on the proper angle of descent xent

5 Fsdmg  to arrwe at hovering altitude, hover- 6 Falhng to mamtam  proper RPM
mng  attltudi, and zero groundspeed almost srnul-
taIlfJXIsl7 SHALLOW APPROACH AND RUNNING

6 Low RPM 1x1  tram&on  to the hover at the LANDING
end of the spproach A shallow approach and runrung  landing (llg

7 Usmg too much aft cychc stick  &xx  to the 74) are  used when a hgh  density  sltltude or a
surface, whmh  may result ID  tall  rotor strikes hqh gross weight condltum or some combmatlon

thereof 1s  such that B normal or steep approach

LANDING FROM A HOVER

In this  maneuver, the h&copter  IS landed
vertmdly  from a hover

TECHNIQUE
1 From B hover, begin a descsnt  by applying

B slow but very gradual downward pressure on
the collectwe  pitch stick  This  smooth spphce-
tlon of collectwe  pitch should be such that B
constant rate of descent IS mamtamed  to the
surface As the sleds descend wlthln & few
mches  of the surface, the gound  effect becomes
very notxeable  and the h&copter tends to stop
its descent At this  pomt, It  may be necessary to
further decrease  the collectwe  pitch stick B shght
amount to mamtam the constant rate of descent
2 When the slnds  touch the surface, lower the

collectwe  pitch smoothly and firmly to the full
down pwtlon,  adjust  the throttle to keep RPM
m the proper range, and at the same txne  add
right pedal as needed to nnuntam  headmg

8 Throughout the descent and until  the tune
the &ads  are firmly on the surface and the colleo-
tlve  pItoh 1s m full down poahon,  make necassary
correctlow  wth  pedals to mamtam  a constant
headmg, and n-ry  correctIons  mth the cychc
control to ma&am  a level attitude (for sxlstmg
load and wmd  condltlons)  and prevent movement
OYel  the surface?

COMAfONERRORS
1 Ovei-controllmg the cychc control dung

dexent  resultmg  III  movement over the surface on
contact

2 Fellmg  to use  collectwe  pitch smoothly
a Pulhng back on the cychc stick  prior  to or

upon touchdown
4  Falling  t o  r e d u c e  t h e  collective pitch

smoothly and posltlvely  to the full down posltlon
upon contact wth the surface

cannot be made because of msufficmnt  power to
hover To compensate for this  lack of power, II
shallow approach and running  landmg makes use
of translational  hft  until  surface contact 1s  made
The ghde angle 1s appmxmxxtely  6’ Smce  a
runnmg  landmg follows B shallow approach, a
surface m-x~  of sufficmnt  length and smoothness
must be wallable

TECHNZQUE
1 A shallow approach 1s mltmted  m the same

menner IIS  the normal approach except that a
shallower angle of dwcent 1s mamtamed  The
power mductlon to mltlate  the desxed  angle of
descent ~11 be less than that  for a normal ap-
proach anc~  the angle of descent IS less As
collectwe  pitch IS lowered, mamtam  hendmg  by
mcreasmg  right pedal pressure, adjust throttle
to mamtam  RPM, and  use cychc as necessary to
mamtam  the dewed approach sn~.peed

2 As III  normal and steep approaches, the
angle of descent end rate of dexent  am prunanly
controlled by collective pitch,  and the ground-
speed IS prunanly  controlled by the cychc control
The coordmatlon  of all controls 1s needed, how-
ever, If the approach 1s to be accomphshed suc-
==fa

3 Approach airspeed  should be nuntamed
until  an altitude of appmxunately  60 feet above
the surface has been reached A t  this  pomt,
grsdually  apply aft cychc stick  to start  dmx-
patmg axspeed  and coordlnate  EL shght downward
pressure on the collectwe  pitch to mamtam  the
angle of descent The dweleratlon  of the air-
speed should be enough so that the hehcoptar ~111
tend to descend to the surface due to the de-
creased effect of translational hft lust as the
landing spot 1s xached Since  translational  hft
dlmuushes  rapuily at slow an-speeds, the decelera-
tlon must be smoothly coo&n&ted,  at the sane
tune keepmg enough hft  to prevent the heh-
copter  from settlmg abruptly



4 On the final part of the approach, prior to
malung  surface contact, the h&copter  should be
placed m a level attitude wulth  cychc control,
pedals  should lx used to mamtam headmg, and
cyclm  stick  should be  used &s necessary so that
headmg and ground  track iwe  ldentlcal  Allov
the h&copter  to descend gently to the surface m
a &aught-and-level attitude, cushlonmg  the land-
mg  b y  proper  manlpulahon  o f  t h e  collectwe
pitch

5 After surface contact, the cychc control
should be placed shghtly forward of neutral to
tilt  the mam  rotor away from the tall boom,
antltorque  pedals should be used to mamtam
headmg, throttle should be used to mamtam
RPM, and cychc stick  should be used to mamtam
surface track. Sormslly,  the collectwe  pitch 1s
held stationary after touchdown until the heh-
copter CcJrneS  to B complete  stop However, If
brakmg  a&on  IS dewed or rqured, the co&c-
tlve pitch may be lowered c&lowly To ~nsura
dxectlonal control, normal rotor RPM must be
mamtamed  until the hellcopter  stops

COMMON ERRORS
1  Assunung  excessw~  nose-hlgh  attitude a t

approxmmtely  10 feet of altitude
2  Insu5clent  collectwe  pitch and throttle to

cushion  landing
3 Fadmg  to add left pedal BS  collectwe  pitch

1s added to cushion  landmg, resulting m a touch-
down whde  m a left sled

4 Touchmg  down at an  excesmve  groundspeed
for the exlstmg  comhhons  (20 MPH ground-
speed m most cases would be considered  maxi-
mum allowable)

5 Fallmg  to touch down m B level attitude
0 Falhng  to mamtam proper RPM during and

after touchdown
7 Poor drectlonal  control upon touchdown

RUNNING TAKEOFF

A runung  takeoff (iig 75)  1s used when condl-
tlons  of load and/or density  altitude prevent B
sustamed  hover at normal hovermg  &&de It
IS often referred to as a hxgh-sltltude takeoff
With  msuEment  pomer  to hover, at least momen-
tardy  or at a very low altitude,  a runnmg  takeoff
1s not advisable No takeoff should be attempted
If the h&copter cannot be hfted off the surface
momentan1y  at full power  because

l-If the h&copter cannot be hovered, its per-
formance 1s unpredictable

!&If  the h&copter  cannot be nwed  off the
surface at all, su6iclent  power nqht  not be wall-
able for a safe  -mg takeoff

A runnmg  takeoff may be accomplished  safely
only If surface &ma  of sutEment  length and
smoothness 1~  wallable, and If no barners  exist
m t h e  fllghtpath t o  mterfere with  a s h a l l o w
chmb



TECHNIQCE
1 Head the h&copter  into the mnd
2 Increase  the throttle to obtsln takeoff RPM
3 Hold the c~chc  shck  shghtly forward of the

hovering neutral posltlon Apply collectwe  pitch
slowly to accelerate  into forward movement
(During  practlca,  a rnarufold  pressure of 1 to 2
Inches  below that whch  1s requnxd to hover may
be used)

4 Miamtaln  a straight  ground track wth latarsl
cychc control and heading wth a&torque  pedals
until  a chmb  1s estabhshed

5  As  effectwe  translational hft  1s gamed ,
shght back pressure on the cychc stick  ~111  take
the h&copter  Into  airborne  flight smoothly, 111  a
level attitude, with  httle or no pltchmg

6 Mamtam an altitude not to exceed 10 feet to
allow awspeed to increase  toward normal chmb
speed and follow a chmb  profile that wll take
10”  thmugh the clear ares of the height-velocity
curve for the particular h&copter

7 Dumg pm&Ice maneuvers, chmb  to 50 feet
then adlust  power  to normal chmb  power, and
attitude to normal clunb  attitude

COJfMON  ERRORS
1 Falling to ahgn heading and ground track

to keep surface frlctlon  to B nununurn
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2 Attemptmg  to pull the h&copter  off the
surface before effectwe translatlonsl hft  IS ob-
ta1ned

3 Lmermg  the nose too much after becormng
axborne resultrig NIL  the h&copter  settling back
to the surface

4 Falling to rernsn~  below approximately  10
feet of altitude until  awspeed approaches normal
chmb  sped

MAXIMUM PERFORMANCE TAKEOFF
A maxunum  performance takeoff 1s used  to

clmb at a steep angle to clear barnera III  the
fhghtpath (fig 76) It can  be used  when tnlnng
off from small fields surrounded by high ob-
stacles Before attempting a maxnnwn  perform-
once  takeoff, you must know thoroughly the
capablhtva  and hnutatlons of your equipment
You must take into conslderatlon the wind  ve-
lo@, temperature, altitude, den&y  altitude,
g r o s s  weight,  center-of-gmvlty  lo&Ion,  a n d
other factors affecting your technique  and the
performance of the h&copter To safely BCCOII~-
pbsh this  type of takeoff, sufficclent  poww  to hover
must be avallable to prevent the h&copter  from
slnlnng  back to the surface after beconung an.-
borne This maneuver wdl msult  III  a steep
chmb,  affortig  ml~xlmum  alt.ltltude  gwn m B
nunnnum  distance  forward



The angle of clmb  for a maxunum  parform-
ante takeoff ml1 depend on exlstmg contitmns
The more crltlcal the con&tmnshlgh  density
nltltudes,  calm wmds,  &-the shallower the
nngle  of chmb  should be Use  cautmn  m clmb-
mg  steeply If the ampeed 1s  allowed to get too
low, the h&copter may settle back to the surface
T h e  height-velcmty (H/V) chart f o r  t h e  pal-
tmdar  h&copter  should be fully considered  be-
fore makmg  any maximum  performance takeoff
An enyne fallwe  at low alhtude and ampeed
would place the h&copter  III  a dangerous pm-
tmn,  reqmmg  a high  degree of skdl  m makmg  a
safe autorotatme landmg It may be necessary
to operate m the shaded area  of the H/V  dmgmm
dumg  the begmung  of this maneuver Then  op-
emtq  III  hght OT  nwmnd condltmns The angle
of clmb  and resultmg  ampeed ~111  be dIctated
by the proxmnty  and height of the obstacles to
be cleared The  p&t must be aware  of the cal-
culated nsk mvolved  when opemtmg m the
shaded area  of the H/Y  dmgmm

TECHNZQUE
1 The h&copter  should be headed generally

mto the mnd and the cychc stlek  placed m what
would be the neutral posltmn  for hovering under
the emtmg  load and wmd  comhtmns (Thus
posltmn  could be checked by hovering the hell-
copter momentmly  prior  to pmparmg to make
a nmxunum  performsnca  takeoff )

2 Estabhsh the proper RPM settmg  and apply
su5cmnt collectwe  pitch to hghten  the hellcopter
on Its landmg  gear (fig 76) Apply the maxi-
mum amount of collectme  pitch that can be ob-
tamed wlthout mducmg  RPM and smultaneously
add full throttle (mamum  pitch and full throt-
tle may be 1mpmt1ca1  lx-  at least “Mecassary  on
some  hehcopters,  partmlarly  on those equpped
with  supercharged engmes)  and sufficmnt  forward
cycbc stick  to estabhsh  B forward clmbmg  attl-
tude as the h&copter  leaves  the surface Apply
necessary ant1torque  pedal control to mamtam
headmg RPM must not be sscnficed  to obtam
mcnased pitch on the rotor blades If RPM
starts to decrease under B full power condltmn,
It can  be  regalned  o n l y  b y  reducmg  collectme
pitch

3  Utdm  f u l l  power  until t h e  helmpter  18
clear of all obstacles, after whwh  a normal chmb
can be  eatabhshed  and  power reduced

COMMONERRORS
1 Sose  t o o  l o w  mtmlly  causmg  homontal

flight rather than more ~ertmxl  fight
2  Fallurn t o  mamtam  maxunm  pemsslble

RPM
3 Control morements  too abrupt

AUTOROTATIONS
I n  h&copter  flymg,  an  autarotatmn IS &  m a -

neuver that can be performed by the pllot when-
ever the engme  1s no longer supplymg  power to
the man  rotor blades A h&copter  tmnsmssmn
1s designed  to allow the man  rotor to ntste
freely m Its  ongml  dmectmn  If the engme  stops
At the Instant of engme  fallwe, the blades ~11
be  pmducmg  bft  and thrust from then- angle of
a t t a c k  a n d  reloclty  B y  mmedmtely lowemg
collectme  pitch (whxh  must be done m case of
engme  fsdure) , hft  and  drag wdl be reduced, and
the h&copter  ~111  begm  an mmedmte descent,
thus producmg  an upward flow of mr  through the
rotor q&m The Impact  of this upward flow of
mr  on the rotor blades produces a “ram”  effect
mhlch  provides  su5aent  thrust to mamtnm  rotor
RPM throughout the descent Smce  the tad rotor
IS drwen  by the mam  rotor dung  autorotatmn,
headmg  control can be mamtamed  &9  m normal
flight

Several factors affect the rate of descent m
autorotatmn--am  density  (density altitude) , gross
aeIght,  r o t o r  R P M ,  a n d  ampeed  T h e  pllot’s
primary control of the rate of descent 1s the mr-
speed Hvgher  or lower ampeed 1s  obtgmed  with
the cycbc control lust as  m normal fight  -4
pdot has & chom  m angle of descent varymg
from vertxal  descant to maxnnum  range (ml-
mum angle of descent) Rate of descent 1s  high
at zero  ampeed and decreases to B muumum
somewhere m the neighborhood  of 50 to 60 m&s
per hour, dependmg  upon the partmlar  heh-
copter and the factors lust mentmned  As the
ampeed mcrews  beyond that ahxh gmes  mm-
mum rate of descent, the rate of descent mcreases
agaul  when a n  autorotat1re  landing  19  to b e
made, the energy stored m the rotatmg  blades
can be used by the pllot to decrease the rate of
descent and make a safe landmg  A greater
amount of rotor energy 1s requmd  to stop  a hell-
copter mth  a high rate of descent than 1s i-e-
qumd to s t o p  a h&copter  t h a t  1s descmdmg
more slowly It follows then that autorotatlve
descents at veq  low or very high amspeeds  an

9 1
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more crltlcal than those  performed at the proper
anxpeed  for the -mum rate of descent

Each type of h&copter  has a specific  axspeed
at which  & power-off ghde  1s most efficmnt T h e
best airspeed  1s the one which  combmes  the most
desirable  (greatest) &de  range mlth  the most
dearable (slowtxt) rate of descent The speafic
aIrspeed  1s somevhat d&rent  for each type of
h&copter, yet c&am  factors affect all con!igura-
tmns  ,n the same manner F o r  spectic  autorota-
tlon airspeeds  for a particular hehcoptar  refer to
the h&copter fbght manual

The spwfic  awspeed  for autorotatlons IS e&b-
hshed  for each type of h&copter  on the basis  of
average weather and womd  condltmns,  and normal
loulmg  When the h&copter IS operated alth
excessme  loads m high den&y altitude or strong
gusty wmd  condltmns,  b e s t  p e r f o r m a n c e  1s
achieved  from B shghtly increased  anspeed  m the
descent For autorotrrtmns  m hght wmds,  low
density  altitude,  and hght loadmg, best perform-
ance 1s achmwd  from B shght decrease  m normal
axspeed  Followmg this general  p r o c e d u r e  o f
fitting axspeed  to exlstmg  condltlom, a p&t can
uhmve  approxunately the same ghde angle m
any set of circumstances  and estnnate  the touch-
down pomt

When makmg  turns during an automtatlve
descsnt,  generally use cychc control only Use of
anhtorque  pedals to ~~1st  or speed the turn
causes loss  of aIrspeed  and downward pltchmg  of
the nuseespeaally  when left pedal 1s used
When the autorotatIon 1s mltmted,  sufficmnt  nght
pedal pressure should be used  to mamtam  straight
flight and prevent yawmg  to the left Thx  pres-
sure should not be changed to ~~1st  the turn

If rotor RPM becomes too high  during an
automtatwe approach, collectwe  pitch should be
rsmd  sticlently to decrease RPM to the normal
operatmg range, then lowered all the way agam
Thx  procedure may be repeated as  necessary

I,  Hm  mlvw*  h&l.  no,  bun dad  In  pmr,,u autorota-
lionr,  I,  rlll  b.  “ec.Ssa~  lo  ndw.  I,  m rolktlv.  pm?
II  rahd,  olh.lw*.,  a.  l gin. and mar  vdrlll  m-
-*a** Aa.,  ,h.  <dktl�.  1 ,  ,or.d,  m.  thrmk
should  b9  r..d,wd  Iv  mah,.,n  0 Id.  en&h.  RPM

RPM 1s most hkely  to increase  above  the maxi-
mum hut  dung  & turn due to the mcreased
back cychc shck  pressure which  mduces  a greater
arflow  through the rotor system  The tighter
the turn and the heavmr  the gross waght,  the
bgher  the RPM ~11 be

HOVERING AUTOROTATION

As the name nnphes,  hovermg  autorotahons
are made from a hover They are practwxl  so
that a p&t wdl  automatuxlly  make the correct
response when confmnted with  engme  stoppage
or catam  o t h e r  In-fhght  emergencves  mhde
hovering

TEC‘ZiNZQUE
1 To pmctxe  hovering autorotatlons, estabbsh

B normal hovermg  altitude for the partlculsr
h&copter  bang  used, consldermg  Its load and
the atmospheric  condltlons,  nnd keep the hell-
copter headed Into  the wnd  Hold maxmmm
allowable RPM

2 To enter autorotatmn, close the throttle
quickly  to ensure a clean spht  of the needles
This disengages  the dwmg  force of the engine
from the rotor, thus ehmmatmg  torque effect
As the throttle IS closed, right  pedal must be
apphed  t o  mamtun  headmg  U s u a l l y ,  a shght
amount of right  cychc stick  ~11 be necessary to
keep the hehcopter  from drlftmg  to the left, but
“se cyclic  control 8s  required  to ensUM  &  vertical
descent and a level attitude Lea>e  the collective
pitch where It 1s  on entry

3 In h&copters mlth  low mert~a  rotor systems,
t h e  arcraft ~11 begm  t o  s e t t l e  lmmedmtely
Keep &  level attitude and ensure a vert~csl  descent
wvlth  cychc control, headmg  with  pedals, and BP-
ply upward collectwe pitch as necessary  (pen-
ally the full amount 1s requred)  to slow the
descant and cushmn  the landmg  As upward
collectwe  pitch IS apphed,  the throttle wll have
to be held m the closed posItIon  to prevent the
rotor from re-engagmg

4  I n  h&copters  with  high mertm r o t o r  sys-
teas, the swx-aft  ~11 mamtam alhtude momen-
tanly  after the throttle 1s closed Then, as  the
rotor RPM decreases, the h&copter  ~11 start to
settle As It settles, apply upward collectwe
pitch (mh11e  holdmg  the throttle m the closed
posltmn)  to slow the descent and cushion  the
landmg The tumng of tlu  collectwe  pitch ap-
plwstmn,  and the rate at which  It should be
apphed, all1  depend upon the particular heh-
copter bang  used, Its gross weight,  and the exist-
mg  atmosphsrlc condltmns  Cyclic  c o n t r o l  1s
used  to mamtsm a level  sttltude  and to ensure B
vetilcal d e s c e n t  Heading 1s malntamed  with
pedals
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5 When the wght of the h&copter  1s en-
trely on the skids,  the apphcahon of upward
collectwe  pitch should cease When the h&copter
has come to B complete stop, lower the collectwe
pitch to the full down posltmn

6 The tmnng of the collectwe  pitch 1s a most
nnportnnt conslderatmn If It 1s  apphed too soon,
the nmammg RPM may not be sufficrmt  to make
& smooth landmg On the other hand, If collec-
tlve pitch IS apphed too late, surface contact may
be made before sufficmnt  blade pitch IS nvallable
to cushion  the landmg

7 When  entering the autorotstmn,  the throttle
should be rotated to the closed or override  pow
tmn  to prevent the engmne  from m-engagmg  dur-
mg  the collectwe  pitch apphcstmn

COMMON ERRORS
1 Falmg  to use su5clent  right  pedal when

power 1s reduced
2 Fallmg  to stop all sIdeward  or backward

movement prmr to touchdown
3 Fmlmg to apply up-collective pitch properly,

resultmg  m a hard touchdown
4 Fallmg  to touch down m a level attitude

NO-FLARE AUTOROTATION
A neflare  autorotatmn can  be used  when the

selected landmg area  IS stiaently  long and
smooth to permlt  a surface run  Pmctlce  no-
flare autorotatmns may be made as follows

TECHNIQUE
1 When the dewed posltmn  to begm  the  auto-

rot&on  has been  reached, place the collectwz
pitch stick  III  the full-dcnm  posltmn,  mamtammg
cruxmg  RPM mth  throttle Decrease throttle
to unsure  a clean spht of the needles and apply
s&Gent  right  p e d a l  t o  mamtam  t h e  desred
headmg  After  sphthng  t h e  n e e d l e s ,  resdjti
the throttle so as to keep engme  RPM well above
normal ldlmg  speed but not hgh  enough to cawe
nqommg  of the needles. (The manufacturer wll
often  recommend the RPM to use  )

2 Adlust attitude with  cychc control to obtam
the best ghdmg speed (slowest rate of descent)
Be sure to hold collectwe  pitch m the full-down
posltmn If It 1s penmtted to rise,  rotor RPM
mll  decrease due to the mcreased  drag from the
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mcreawd  pitch angle of the blades At apprrxu-
mately  50 feet above the surface (check the
manufacturers recommendahon  for each hell-
copter), raise  the nose  shghtly to obtam  the de-
smxl  landmg speed and  to slow the rate of
descent

3 If B lsndmg 1s to be  made fmm the autoro-
tatlve  approach, the throttle should be rotated to
the closed  or override  posltmn  at this tune  and
held m this posltmn  as  collectwe  pitch IS raxzed
so that the rotor wll not m-engage -4s  the heh-
copter approaches normal hovering altaude,
mamtam  a landmg attitude wth cychc control,
msmtsm headmg  with  pedals, apply a&lent
collectwe  pitch (while  holdmg  the throttle m the
closed  patmn)  to cushmn  the touchdown, and be
sum the h&copter  1s landmg parallel to Its dnw.-
tmn  of motmn  upon contact with  the surface
AvoId  landmg  on the heels of the slnd  gear T h e
tmung of the collectwe  pitch apphcatmn and the
amount apphed ~111  be dependent on the rate  of
descent

4 After surface contact 1s made, collectwe
pitch may be mcreased  (wlnle holdmg the throttle
m the closed posltmn) to keep the h&copter  hght
on the slads  and allow It to slow down gradually,
or It may be held statmnary resultmg  III  B shorter
gmund  run, or It may be lowered cautmusly  for
addltmnal  brakmg  a&on,  If rquned,  d u e  to B
fast touchdown and lmuted  landmg BES Cychc
control stvzk should be held shghtly forward of
neutral and used to mamtam  gmundtrack If
landmg IS made m B crosswmd Pedals should
be used to mamtam  headmg In the event III-
sutlicmnt  pedal 1s wadable  to mamtam  headmg
control 89 the rotor RPM decreases after touch-
down, cychc control should be apphed m the
dmectmn  of the turn

5 After the h&copter  has stopped, lower the
collectwe  pitch to the full-down patmu

6 If * power recovery IS to be made from
prectlce autorotatwe  approaches, the pmcedums
m (3), (4), and (6) should be replaced with  the
procedures gwen  under “Power Recovery From
Practice  Autorotatmns  ”

COMMONERRORS
1  Fsllmg  to use sufficmnt  right  pedal when

power IS reduced
2 Lowering the nose  too abruptly when power

1s reduced, thuv  placmg  the h&copter  m a dwe



a  Ftuhng to malntrun  full-down-collectwe
pitch during the descent

4 Applxatlon  of up-collectwz  pitch at an ex-
cess~ve  altitude resulting  in  a hard landmg, 10~s
of hea&ng control, and poeable  damage to the
tall rotor and to the nxun  rotor blade stops

6 Pulhng the no% up Just  prior  to touchdown

FLARE AUTOROTATION

A flare autorotatlon (fig 77) enables the pdot
to land 8.  h&copter  at any speed between that
reaultlng  111  httle or no landing run, up to that of
a no-flare autorotatIon, that IS,  anywhere between
B zero groundspeed and the speed of touchdown
resulting  f r o m  &  n o - f l a r e  autor0tat10n The
speed at touchdown and the resulting  ground run
wdl depend on the rate and amount of the flare-
the greater the degree of flare and the longer It IS
held, the slower the touchdown sped and the
shorter the ground pun  The slower the speed
desred  at touchdown, the more accurate must be
the tung  and speed of the flare, espeaally  NIL
h&copters  mth  low lnert~e  rotor sy.etems.

TECHNIQUE

1 Enter the autorotatlon  111  the fame  manner
as the no-flare autorotatIon The techmque  1s the
smne  to the point where the flare 1s to Bern  TIE
pant  1s shghtly lower than the  point at whxh  the
nose 1s rwed 1~  the no-flare automtatlon

2 At sppmxunately  35 to 80 feet above the
swfwe, depen&ng  on the h&copter  (check the
manufacturer’s recommeadatlon),  uutlste the
flare by moving the cychc stmk to the rear
Hea&ng  1s malntalned  by the pedals Care must
be taken 111  the execuhon of the flare 80  that the
cychc control 1s not moved rearward so abruptly
as to cause the h&copter  to clunb, nor should It
be moved so slowly as to allow the h&copter  to
settle so rapidly  that the tall  rotor nught  strike
the surface As forward mohon  decreases to the
dared groundspeed,  move  the cychc control for-
ward to place the h&copter  m pmparatlon  for
landing attitude (If a landing IS to be made,
the throttle should be rotated to the closed or
override posltlon  at thw  txne,  If a power I‘BGOV-
cry IS to be made, It should be made BS  the hell-
copter reaches the lan&ng attitude  )

sib--v---_-----------------.
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3 The altitude at this  tune  should be approxl
mately  3 to 10 feet, dependmg upon the heh-
copter bang  used If a landmg 1s to be made,
allow the h&copter  to descend vertxally Apply
collectwe  pitch,  as necessa~,  to check the descent
and cushion  the landmg As collectwe  pitch I>
mcreased,  hold the throttle m the closed posltlon
so the rotor ~111  not re-engage Ad&tlonal  right
pedal 1s requred  to mamtam  headmg as collectwz
pitch 1s rmsed  due to the redo&Ion  m rotor RPM
and  the msultmg  reduced effect of the tall lotor

4 After touchdown and after the h&copter  has
come to a complete stop, lowr the collectwe  pitch
to the full-down posltlon

COMMONERRORS
1 Falhng to use  sutTiclent  right pedal when

power 1s reduced
2 Lowermg  the nose too abruptly when power

1s reduced, thus placmg the h&copter  m B dwe
3 Fadmg  to mamtam  deared  mtor RPlM
4 -4pphcatlon  of up-collectwe  pitch at an ex-

cesslve  altitude resultmg  m B hard landmg, loss
of headmg control, and possible damage to the
tall rotor and to the mam  rotor blade stops

5 Pullmg  the nw up lust prior  to touchdown
on full autorotat1on

POWER RECOVERY FROM PRACTICE
AUTOROTATIONS

A power recovery 1s used  to termmate  pm&a
autorotatIons at a pomt pmor to actual touch-
down After the power recovery, a landmg can
be made or a go-around mlhated

TECHNIQUE
1 To make a power recovery after the flare oi-

level-off from an autorotatlon, wordmate  upward
collective pitch and mcreaea  throttle to ,om the
needles at operatmg  RPM The throttle and
collective pitch must be coordmated  properly I f
the throttle 1s mcreased  too fast or too much, an
engme  o~erspeed will occur, If throttle 1s m-
creased too slowly or too httle m proportmn to
the mcrease  m collectwe  pitch,  a loss of rotor
RPM wdl result  Use sticmnt  collectwe  pitch
to check the descent and ccadmate  left pedal
pressure  wth  the mm-ewe  m collectwe  pitch to
mamtam headmg

2 If a go-around 18  to be made, the cychc con-
trol should be moved forward to re-enter forward
flight If a landmg 1s to be made followmg  the
power recovery, the h&copter  can be brought to
a hover at normal hovermg altitude

3 In trn.nsltiomng  from * practice autorotatlon
to .a go-around, care  must be exerasad to avold an
sltltude-aIrspeed  combmatmn  whch  would place
the h&copter  m an unsafe area  of the height-
velocity chart for that particular h&copter

CONMONERRORS
1 Inltmtmg recovq  too late requrmg  a rapld

appllcat1on of controls, resultmg  ln  overcontro-
lw

2 Fallmg  to obtam and mamtam  & level at&
tude near  the surface

3  A d d m g  throttle before  collectwe  pitch IS
apphed

4 Fadmg  to coordmate throttle and collectwe
pitch properly, msultmg  m &her  an angme  over-
speed or a loss of RPM

5 Fadmg  to coordmate left pedal with the
increase  1n  power

RAPID DECELERATION OR QUICK STOP

Although used pmnsnly  for coordmshon  pnrc-
tlce, decelerations (fig 78) can be used to make a
quick  stop m the ar The purpose of the ma-
neuver 1s to mamtam  a constant altitude, headmg,
and RPM whde slowmg the h&copter  to a de-
sired  ground-d The maneuver requires  a
high degree of coordmatlon  of all controls It 1s
practwzd at an altitude that will pernut B safe
clearance between the tall rotor  and the surface
throughout the msneuver,  especmlly at the pant
where  the pitch attitude 1s lughat The altitude
at complehon  should be no bgher than the maxi-
mum safe hovermg altitude prescribed by the
manufacturer In selectmg  an altitude at wluch
to begm the maneuver, the overall length of the
h&copter and the height-velcaty  chart must be
consldemd

Although the maneuver 18  called & rapld de-
c&r&on  or quick  stop, this  does not mean that
It should be rushed to completion The rate of
dealer&on 1s at the dwxetlon  of the pdot A
qwck stop 1s  completed when the hellcopter  comas
to B hover during tho recovery



TECKVZQUE
1 Begm the maneuver at a fast hover speed

headed mto the wmd  at an altitude  bgh enough
to avoId danger to the tall rotor dung the flare
but lom enough to stay  out of the height-relc+
chart shaded area throughout the performance
This  altitude should be low enough that the hell-
copter can  be brought to a holer  during the
Rcoveq

2 The deceleration 1s nutlated by appljmg  aft
cycbc to reduce forward speed Slmultsneously,
the collectwe  pitch should be lowered as necesse~
to counteract any chmbmg tendency The tmung
must be exact If too httle down collectlre 1s
apphed for the amount of aft cychc apphed, a
chmb  mdl  result If too much down collectlre
1s  apphed for the amount of aft cychc appbed,  a
descent ~111  result A rapld apphcatmn  of aft
cqcl~c  requres  an equally rapld apphcatlon  of
down collectwe  As collectwe  pitch 1s lowered,
right  pedal should be mcrewed  to mamtsm  head-
mg  and throttle should be adjusted to mamtaln
RPM

3 After speed has been reduced to the dewed
amount, recoren  1s  mltxited by lonermg  the nose
and allommg  the h&copter  to descend to a normal
hovering sltltude III  level flight and zero ground-
speed During the recovery, collectlre pitch
should be mcreased  as necessary to stop the heh-
copter at normal hovering altitude,  throttle
should be adjusted to mantam  RPM, and left

pedal should be apphed 8,s  necessary to msmtam
headmg

1 Inltmtmg the meneuver by applymg  down
co11ect1,e

2 Applymg  aft cychc stick  too rapidly  NC
tlally, csusmg the h&copter to “balloon” (a sud-
den gun  m sltltude)

3 Fallmg to effectwely  control the rate  of de-
c&r&on  to accomphsh  the desned  results

4 Allowmg  the h&copter to stop forward mo-
tlon m a tall-low attitude

5 Fadmg  to malntam  proper RPM

SLOPE OPERATIONS
The approach to &  slope IS smnlar  to the &p-

preach to any  other landmg area Durmg slope
operations, allowance must be made for wind,
barriers,  and forced landmg sites  m case of engme
fallwe  Smce  the slope may constitute  an ob-
structlon  to amd  passage, turbulence and down-
drafts must be antnpated

Slope landing

Usually, a hellcopter  should be landed on 8
cross-slope rather than on an upslope Landing
dovmslope or dovnhlll  1s not recommended be-
cause of the posslblhty of stnkmg the tall rotor
on the surface



TECHNIQUE
1 At the tenmnatmn of the approach, move

slowly toward the slope tang  careful not to turn
the tad upslope The hehcopter  should be  hov-
ered m posltmn  cross-slope over the spot of m-
tended landmg (fig 79)

2 9 downward pressure on the collectwe  pitch
will  start the h&copter  descendmg As the up-
slope shd  touches the ground, apply cychc stick
m the dnwtmn  of the slope Thus  ~11 hold the
slnd  agamst  the slope while  the downslope  slnd  15
contmumg  t o  b e  l e t  down  mlth  t h e  collectwe
pitch

3 Ss  collectwe pitch  1s lowered, contmue  to
move the cjchc  stick  toward the slope to mamtam
a fixed posItIon,  and use cychc as  necessa~ to
stop forward or aft movement of the h&copter
The slope must be shallow enough to allow the
pllot to hold the h&copter  agamst  It wth  the
cych stick  durmg  the entlre landmg (;i slope
of So IS considered  maslmum  for normal opera-
tlon of most  h&copters Each make of h&copter
will generally have Its  own pecuhar  wvay  of mdl-
catmg to the p&t when  lateral cycbc s&k  travel
IS about to run  out, 1 e , the rotor hub hlttmg the
rotor mast, wbratmns  felt through the cychc
stick, and others 4 landmg should not be made
m these mstances  smce  this mdxates to the pIlot
that the slope IS tao  steep )

4 Sftar  the downslope  slnd  1s on the surface,
contmue  to lower the wllect~re pitch full down
Normal operatmg  RPM should be roamtamed
until the full waght  of the h&copter 1s on the
slnds This mill  assm-e  adequate RPM for -e-
dlate takeoff m c&se  the h&copter should start to
slide  down the slope Pedals should be used as
necessary throughout the lsndmg to mamtam
hesdmg  Before redumng  the RPM move the
cychc shck  as  necessary to check the security  of
the h&copter

CONMONh'RRORS
1 Fallwe  to mamtam  proper RPM throughout

the entwe  maneuver
2 Lowermg the downslope  slud  too rapldly
3 Applymg excessive  cjchc  control mta the

slope, causmg  mast bumpmg

SLOPE TAKEOFF
The procedure for a slope takeoff 1s almost the

exact rwerse of that for a slope landmg (fig 79)

TECENIQUE
1 Adjust throttle to obtam  takeoff RPlM  and

move  the cychc stick  m the dnxtlon  of the slope
so that the rotor rotnbon 1s parallel to the true
horizontal  rather than the slope

2 Apply up-collectwe pltck  As  the h&copter
becomes bght on the slnds,  apply pedal as  needed
to mamtmn  headmg

3  A s  t h e  downslope  slnd  1s nsmg a n d  t h e
h&copter approaches a level attitude, move  the
cychc stick  back to the neutral posltmn,  keepmg
the rotor disc  parallel to the true horizon Con-
tmue  to apply up-collectwe pitch and take the
h&copter  straight  up to a hover before movmg
away from the slope In movmg  away from.the
slope, the tall should not be turned upslope  be-
cause of the danger of the tall rotor stnkmg the
surface



CONMOI1'ERRORS
1 Fallun  to adjust  cychc stick  to keep the

hehcopter  from shdmg downslope
2 Fallurn  to mamtam  proper RPM
3 Holdmg  excessive  “upslope” cycbc stxk as

the downslope  slnd  IS rslsed

RECOVERY FROM LOW ROTOR RPM

Recovery from low rotor RPM IS B procedure
used  to return to the normal rotor  operatmg
RPM This recovery procedure, If performed
properly, ~11 normally regam lost rotor RPM
while still  mamtammg  flight A low rotor RPM
comhtmn  1s the rezult  of having an angle of
attack on the mam  rotor  blades (Induced by too
much upward collectwe pitch) that has created B
drag so great that engme power wadable,  or
bang  ut1llzf!d,  IS not su0iclent  to mamtam  normal
rotor operatang  RPM

When a low rotor RPM con&tmn  IS reahzed,
rnmedx&ly  lower the collectwe pitch This BC-
tmn  wdl decrease the angle of attack of the mam
rotor blades nhxh,  because of reduced rotor drag,
WLU  momentarily  r&we  BXCBSS~W  engme load
This a&on  will also cause  the h&copter  to settle
because  some hft  ~11 be lost As the h&copter
begms  to settle, smoothly i-axe  the collectwe  pitch
just  enough to stop the settlmg m&on  This
pmcadure, under cntlcal  contitmns, ma> have  to
be repeated to regam normal rotor RPM oi-.  If
tarram  perrmts,  a landmg msy be necessa~  to
retire the RPM When operatmg at su&xat
altitudes  above the surface, however, It  may be
necessary to lower the collectwe  pitch only once
to mgam sufficient  rotor RPM The a-t that
the collectwe  pitch can be lowered wll depend
on the altitude wallable  at the tune  the lam
rotor RPM con&tmn  occurs When hovermg
near the surface, the collectwe  pitch should be
lowered cauhously to preclude hard contact wth
the surface When the RPM begms  to mcresse
and attama  approxunately  normal mtor  operatmg
RPM, antlapate  decreasmg the throttle slowlj
to prevent the engme  from ovenpeedmg

If recovery from a low rotor RPM condltmn
1s not made soon enough, hftmg  power of the
mam  rotor blades ~11 be lost, mcludmg pedal
effectctlveness  Pedal meffectweness  occurs as B
result of the loss  of tad rotor RPM because the
tall rotor RPM 1s directly proportmnal to the

mam  rotor RPM If pedal effectweness IS lost,
and the altitude 1s  such that n landmg can be
made before ,he  turmnr-  rate mcreasa  danger-
ously, decrease collectl\  B pitch slowly, msmtam
a level attitude  mth cjchc  control, and land

‘5”  TURNS

“S” turns present one of the most elementary
problems m the practical apphcstmn of the turn
and m the correctmn  for wmd  dr& m turns
The reference hue  used, whether a road, railroad,
or fence. should be strqht  for a conaderable
dwtance  and should extend as nearly perpendlcu-
lar to the wmd  as powble

The oblect of “S” turns 1s to fly a pattern of
two half circles  of equal SKX  on oppwte mdes  of
the reference lme  (fig 80) The maneuver should
be started at an altitude of 500 feet above the
terrsm  and  B c o n s t a n t  altitude mamtamed
throughout the maneuver “S” turns may  be
started at any pant  However. during earlj
trammg,  It may  be benefic~sl  to start on a.  down-
wmd  headmg Entsnng  downwmd penruts  t h e
munedmte  selectmu  of the steepest bank that 1s
dew-ed  throughout the maneuve-er The dwxssmn
that follows 1s based on choosmg a reference hue
that 1s perpendlculsr  to the wmd and startmg
the maneuver on B downwmd headmg

Bs the h&copter  crosses  the reference hne, a
b a n k  1s  muned~stelj  estabhshed  This mltml
bank ~111  be the steepest used throughout the
maneuver smce  the h&copter  1s  headed dxectly
downwmd The bank  should be gradually I--
duced as necessary to describe  a ground track of
B half cm& The turn should be tnued so that,
as the rollout 1s completed, the h&copter  IS cms3-
mg the reference lme  perpendicular  to It and
headed dwectlj  upwmd A bank 1s muned~ataly
entered m the opposite  dwxhon to begm the
second half of the “S ” Smce  the h&copter  1s
on au upwmd headmg.  this  bank (and the one
lust  completed before crossmg  the reference lme)
~11 be the shallowest in  the meneuvel It should
be gradually ma-eased  as necessary to describe
B ground track whxh  1s  a half circle ldentlcal
m sne to the one previously completed on the
other side  of the reference lme The steepest
bank  m this  turn should be attamed  lust  prmr
to rollout (when the h&copter  1s approachmg
the reference lme  nearest to B downwmd head-
‘“d This  bank, along with  the uutml  bank
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entered at the begmnmg of the maneuver, ~11
be the steepest  bank used m “S” turns The turn
should be tnned so that, as the rollout 1s com-
pleted, the h&copter 1s crossmg  the reference
hue  perpendular to It  and agam headed drectly
downwmd

As a summaq,  the angle of bank requmed  at
any gwen pant  m the maneuver 1s  dependent
on the groundspeed-the  faster the groundspeed,
the steeper the bank, the slower the groundl-
speed, the shallower the bank Or, to express
It another way,  the more nearly the h&copter
IS to B downmmd  headmg, the steepa  the bank,
the more nearly It  1s to an uprmnd  headmg.  the
shallower the bank

In addltmn  to varymg the angle of bank to
correct for drift  m order to mamtam  the proper
radms  of turn. the h&copter must also be flown
wth a drift correctmn  angle (crab) m relatmn
to its  ground track, except of course, when  It
IS on drxt upwmd or downwmd headmgs oi-
there 1s no wmd One would normally thmk  of
the fore and aft &SE  of the h&copter  as bang
tangent to the ground track pattern at each pomt
However, thu 1s not the case Dung the turn

on the upwmd eldr of the reference lme  (side
from which  the wmd  1s  blonmg),  tho nope  of
the h&copter  rnlll  be crabbed toward the outslde
of the circle Dung  the turn on the donnwmd
side of the reference lme  (side of the reference
lme  opposite  to the dnwtmn  from mhlch  the
wmd  IS blowmg)  the nose of the hebcoptet  ~111
be crabbed tonard the ms&  of the  crcle  In
ather  case, It  1s obr~ous  that the hehcoptar IS
bang  crabbed mto the wmd  lust  a$  It  1s when
tqmg to mamtam  a straight  ground track The
amount of crab depends upon the wmd  velwty
and how neslly  the hehcoptel  1s to a croswmd
posltmn The stronger the amd,  the greata  the
crab angle at any gwen posltmn  for a turn  of
a given radms The more nearly the h&copter
IS to a crosswmd  posltmn,  the greater the crab
angle The maximum  crab angle should be at
the pant  of each half crcle  farthest from the
reference lme

A standard radms  for ‘3”  turns cannot be
spafied Thus  radius  wdl depend on the MT-
speed of the h&copter, the velwxty of the wmd,
and the mltml  bank chosen for entrj



Chapter 12 CONFINED AREA, PINNACLE,
AND RIDGELINE OPERATIONS

A confined  ama  1s an ama  where the tight  of
the h&copter  IS hmlted  m wrne  duectmn by ter-
ram or the presence of obstructmix, natural or
manmade For example, B clearing m the woods,
a sty  street, a road, &  buldmg  roof. and so on,
can each be regarded &s  a confined area

Barriers on the surface and the wrface  itself
may mterfere wth  the smooth flow of ar,  result-
mg  m t u r b u l e n c e  This mterference  IS trans-
mltted  to upper ui- levels as larger but less
mtense  &sturbanw Therefore, the greatest tur-
bulence 1s ususll~  found at low  sltltudes Gusts
are unprwhctable  ranstmns  m amd  velocity
Ordmary gusts are dangerous only NIL  slorr  fhght
a t  v e r y  low  altitudes The p&at  may be un-
aware of the gust. and Its cessatmn  may reduce
axspeed  b e l o w  t h a t  requxed  t o  sustam  flight
d u e  t o  t h e  10%  m effectwe  translntmnal  hft
Gusts  cannot hp  planned for or antlclpated Tur-
bulence, however, can generalI>  be  predIcted  Tur-
bulence WA  be found m the follommg  areas when
wmd  velocity exceeds 10 MPH (fig 81)

l--Near  the ground of the domnwmd  side  of
trees, buddIngs,  hdls,  or other obstmctmns T h e
turbulent BRJI  1s almays  relstwe  m size  to that
of the obstacle, and relative m mtenslty to the
veloclt~  of the wmd

2-h-ear the surface on the nnmedmte  uprmnd
side  of any s&d  barner such as  trees m leaf,  and
bulldmgs TIE condltmn  1s not generally dan-
gerous unless the mmd  veloc~Q  1s spproxunately
20 MPH or higher

&In the ax,  abore and shghtly downwmd  of
any sizable  obstructmn, such as a h111  or moun-
tam range The sue  of the obstructmn  and the
amd  reloclty  govern the seremty  and the height
to mhmh the turbulence extends

GENERAL RULES FOR CONFlNED AREA
OPERATIONS

Some general rules can lx stated that apply
to h&copter  operatmns  m any type of confined

mea The followmg  are  some of the more 1111.
portant ones to consider  regardless of whether
such areas are  enclosed, or are slopes or pm-
IlWZlcleS

1 Know the dlrectmn  and approximate speed
of the wmd  at alI  tunes. and plan  landmgs  and
t a k e o f f s  wth  these  wmd  conhtmns  m mmd
This does not necesaerdy  mean that takeoffs and
landings  will  alwa>s  be made into the wmd,  but
amd  must be conadered, and many tunes  ~tzs
velocity ~111  determme  proper  avenues of ap-
proach and takeoff

2  I f  possible,  p l a n  a  fllghtpath over  a r e a s
swtnblr f o r  f o r c e d  landmgs  m case  o f  engzne
iallure It may be  necessa~  to choose between
an approach whxh 1s  crosswmd  but over an open
area  and one dxectlg  into the wmd  but over
hea+  wooded or extremely rough terram where
a safe forced landmg  would  be lmposslble Per-
haps the mltml  phase  of the approach can be
made crossmmd  over the open amri  and then a
turn made mti  the wmd  for the final portmn of
the approach

3 Always operate the h&copter  as  clossly  to
Its  normal capablhtles  as  possible  consldermg  the
sltuatmn  at hand In all ca&ed  area opera-
tmns,  mlth  the exceptmn  of the pmnscle opera-
tmn,  the angle of descent should be no steeper
than necessary to clear any  barrw m the
avenue of approach and stdl land on the selected
spot The angle of chmb,  on takeoff, should be
normal, or not steeper than nece,~a~  to clear
any banxr Clearmg  a barrw by a few feet and
mamtamlng normal operatmg RPM, mth  per-
haps a reserve of power, 1s  better than clearing
a barrier bq  n wde margm but alth  B danger-
ously low RPM and no power reserve

4 Always make the landmg  to a specfic pant
and not to some general area This pant  should
be located well forward-away from the approach
end of the area The mc~re  con!ined  the area, the
mom  essential  It IS that the h&copter  be  landed
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prexsely  at a delimte pant This  pomt must be
kept m sight  durmg the &n-e fins1  approach

5 hy large  mcrea~e  m elevatmn  between the
pomt of takeoff and the pant  of Intended  landmg
must be gwen due conwderatmn,  as sufficmnt
power must be a>allable  to bring the h&copter
to B hover at the pomt  of the Intended  landmg
A decrease m wmd  should also be allowed for
because of the presence of obstructmns

6 When flymg a h&copter  near obstructmns,
always  consider the tall  rotor A safe angle of
descent over bamers  must be estabhshed  to ens”re
tall  rotor clearance of sll obstructmns After
comng  to a hover care  must be taken to arold
turmng the tad mto obstructmns

7 If possible, a normal takeoff from a hover
should be made when departmg a con6ned area
Howerer,  If barriers  of su5cmnt  haght  exist  that
would make this  unposslble, then B maxnnum
performance takeoff should be made

PINNACLE AND RIDGELINE  OPERATIONS
9 puma&  1s an m-ax  from ahlch  the surface

drops away  steeply on all sides A ndgelme  IS a
long area from wklch  the surface drops amay
steeply on one or two sides,  such as & bluff or
preclplce Barriers  are not usuallj pnsent  on
pumacles  or ndgelmes,  but, If they are, a combI-
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natmn  of pmnacle and confined area  operatmns
may be necessary when operatmg  Into  and out of
such areas That 13,  an area may rqwre a
puma&-type  operatmn during the approach and
landq, but If the strength of the wmd d~tatas
the takeoff path and barriers  exist  under that
path, II confmed  area-t>pe takeoff may lx requn-ed
when departmg  that are‘e& Conversely, condltmns
and terram  may lustlfy  ri con6ned area-type ap-
preach mto an area  and a puma&type  depar-
ture from that area

The absence of barriers  does not necessarfiy
lesen the d&c&y  of pmnacle or ndgelme  op-
eratmns  Updrafts, downdrafts, and turbulence,
together alth  unsutabla terram m wbwh to make
II  forced landmg, ma3  still  presant  extreme
hazards

Geneml rules  for pinnacle and ridgeline  operations

The followng are  .wme  of the more Important
rules  to consider when conductmg pmnscle or
ndgelme  operatmns

1 If necessary to chmb  to FI pnmacle  or ridge-
lme.  the chmb  should be performed on the up-
wmd  side,  nhen  practicable, to take advantage
of any updrafts

2 Load, altitude. mmd  comhtmns,  and terram
features determma  the angle to use m the 6nal
part of an approach A steeper-than-normal sp-



preach  may be used when barriers  01  excess~w
downdrafts exist A shallorrer-than-normal  ap-
preach  may be  used  when there are no burners
or downdrafts and when It 1s suspected that the
hehcoptel  cannot be  holered out of ground effect
In thx  case,  an approach to the  mrface may be
necessary

3 The approach path to a ndgelme E usunlly
parallel to that ndgehne  and  as  nearly mto the
wmd  as  possible  Tf a crossvmd exmts,  remam
clear of downdrafts on the leeward or downmmd
81de  of the rldgellne If the wmd  relcaty  makes
the crosswmd  lsndmg hazardous, a low coin+-
nated  turn Into  the nnd may b+  made ]ust  prmr
to tennmatmg  the apploach

4 When makmg  an  approach to a pmnacle
avoId  leeward turbulence and keep the h&copter
mlthm  reach of a forced landmg alea  as  long a$
posslble

5 Smce  pmnacles  and rldgelmes  are generally
higher  than the nnmedmte  rurroundmg  terram,
gammg  alrspeed  on the takeoff ~b more Important
than gammg  altitude The axspeed  gamed ~11
cause a more rapld departure from the area In
addltmn  to co,-ermg  unfavorable terram rapldly.
a higher  srspeed  affords a more favorable &de
angle and thus contrlbutei to the chances of
reachmg  a safe area  m the event of B forced
landmg If no smtable  area  IS a>allable.  B higher
amspeed  ~111  pernut  a more effectwe  flare prmr
to makmg  an autorolatlw  landmg

HIGH RECONNAISSANCE
T h e  primary purpwse  o f  t h e  high reconnals-

sance  1s to detennme  the smtablhty of an are&
f o r  a landing I n  n high reconnalsssance.  t h e
iollowmg items  should be accomphshed

1-Determme  wmd  dxectmn and ypeed
2-Select  the most iultsble  ill&paths  Into  and

out of the area. with  part~uls~r  c,ons,deratmn
bang  gwen  forced landmg areas

3-Plan  the approach and  select a pant  for
touchdown

&Locate  and determme  the sze of barners,
If any, unmedmtel)  around the are&

A  high  reconnalssanw  1s f l o w n  at  approxl-
mately  500 feet abole the surface, however, a
higher  sltltude mny be requred m some heh-
COpkS h general rule to follom  1s to ensure
that sutliclent  altitude 1s arallsble  at all tunes to
land mto the wnd  m case  of engme  fulure This

means the greatest altitude ~111  be  requred when
headed domnmmd  A 45” angle of observatmn
dl generally allow the best  estimate  of the
height  of barrlen,  the presence of obstacles, the
sme  of the area,  and the slope of the terram
Safe sltltudes and axspeeds  should be  mamtamed
and R forced InndIng  area should be  kept wlthm
reach whenever powble

The approach path should be generally Into
the wnd  and over  taram that mmnmzes  the
tune  that the h&copter 1s not m reach of a forced
landmg area If by flymg  at an  angle to the
wmd,  a forced landmg area  can be  kept m reach,
then do so Ha!  mg  a forced landmg men  wall-
able 1s more  nnportsnt  than to fly dwxtl~  Into
the wnd,  espaally  If the wind  IS not too strong
The declqmn  should be  made as to the type of
approach that will  be made If at all  possible,  8
normal approach should be made, however, If
there are h,gh barmers  a steeper approach will
be requred

LOW RECONNAISSANCE
In the lov  reconna~wnce.  renfy  whet  was seen

m the high  reconna~sance  and check for anything
new that may have been mwad Check es-
peaall> for mn-es  slopes, and small crevuxs be-
cause these are espaxally dl5cult  to see  from 8
hugher  altitude

A lov  reconnmssaace  begms  shortly after entry
to the approach  and ends at touchdown During
this tnne,  obyxts  on the surface can he  better
ldentfied and the haght  of barrws,  If any, batter
estnnated  The mew  of the approach path IS
greatly unprowd The approach should be as
close to a normal approach as  possible I f  new
mformatmn warrants a change III  thghtpath  oi-
angle  of dew&,  It should be made, however, If B
nm,or change m angle of descent IS requnwl,  &
go-around should be made If a declsmn  to go
around IS made, It should be done prmr  to lcang
effective  translational lift

If IL declsmn  IS made to complete the approach,
the termmatlon  should normally be to a hover so
the  landing pant  can be  carefully checked before
the lsndmg 1s made Under certam cond_ltmns,
howerer,  It mny  b e  desn-able  t o  termmate t h e
approach to the surface Whether termmatmg
at a hover or on the surface, once the h&copter
IS on the surface, operatmy RPM should be man-
t a m e d  until t h e  stab&y  o f  t h e  h&copter  1s
checked to be sure of .a secure and safe posItIon



GROUND RECONNAISSANCE
Before takeoff, a ground  nxonnaxance  1s made

to deterrmne  the type takeoff to be  performed, to
detemune  the point  from whwh  the takeoff should
be xutlated to ensure the maxnnum  amount of
svallable area and, finally. horr  to best get the
h&copter  from the landing pant  to the proposed
takeoff posltlon

The first thing to check E the wmd If the
engme  1s  runmng,  walk a suttlclent  distance  from
the h&copter  to ensure that the downmash  of the
blades does not interfere Dust oi-  grass msy  be
dropped and the drectlon  observed III  mhlch  they
are blown

The next step  1s  to go to the downwind  end of
the avafiable  ai-ea  and mark a posltlon  for takeoff

so that  the tall and main  rotors ~11 hale sufliclent
clearance from the obstmctlons, If an),  behlnd  the
hehcopter A sturdy marker such as a heary
stone or log should be used so It a111  not blow
B\,  ay

If vnnd  condltlons  and  ax&able  area pernnt,
the h&copter  should be brought to B hover,
turned  around, and hovxed  forward from the
landing posltlon  to the takeoff posltlon Under
cm-tam  condltlons,  sldeward  flight  to the takeoff
posmon  maj  be  nectary If rearward flight 1s
requxed  to reach the takeoff pa&Ion, reference
markers should be placed m front of the hell-
copter in  such a way  that B ground track can be
safely followed to the takeoff posltlon  and so the
pllot can see  the marker  for the takeoff posltlon
mthout  going beyond It
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REFERENCES FOR ADDITIONAL STUDY

The followmg  pubhcatlons, which  were avml-
able at the tune this  pubhcatlon  went to ppess,
me  recommended for sd&tmnal study by apph-
cants for a h&copter  class ratmg

1
91

2
3

8 3 0

Federal Anatmn  Regulatmns,  Part 61, Part

inman’s  Information  Manual (AIM)
Natmnal  Transportatmn  Safety Board, Part

May be ordered, wthout  charge, from
National  Transport&on  Safety Board, Pubhca-
tmns  Branch, 800 Independence Ave, SW,
Washmgton, D C 20591

4 AtuitIon  Weather, AC 00.6
5 Awatlon  Weather Servnxs,  AC 0046

6 Pllot’s Handbook of Aeronautical Knowl-
edge, AC 61-23

7 T’FR  Exam-O-Grams

You may vlslt  any General Amatlon  Dlstnct
Office for further suggestIons  pertammng  to addl-
tmnal  study materml,  or you may refer  to Federal

Awatlon  Admnnstratlon  ddwoy &-c&r
Checkzzst,  AC w-g (latest revlmon),  for & llst-
mg of FAA pubhcatums  This cnxular 1s free
and can be obtamed by mntmg to

U S Department of Transportatmn
Pubhcatlons S&on,  M43  1
Washmgton, D C 20590

FAA-approved h&copter  flight manuals CBII
be obtamed from mdlwdual  a~craft  msnufactur-
mg compameb  oi- from local dealers and  d18-
tnbutors VFR  Exam-O-Grams can be obtamed,
wlthout  charge, from

U S Department of Transport&on
Federal Anatlon  Admmlstratlon
Fhght Standards Natlonal  Field 051x
Exammatlons Standards Branch, AFS-590
P 0 Box 25082
Oklahoma Chty,  Oklahoma 73125
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GLOSSARY

advancing bl.dcThat  half of the rotor disc  m
whmh  the rotation of the blade IS movmg m the
same dlrectlon as  the movement of the heh-
copter If the h&copter  IS movmg forward,
the advancmg  blade ~11 be m the right  half of
the rotor &SC,  If movmg backward, It v&l be
m the left half, If movmg sldeward  to the left,
It ~111  be m the forward half, and If movmg
sldeward  to the right,  It 41  be  m the rev half

airfoil-Any surface dtwgned  to obtain  a useful
reactIon  from the 8~ through which  It moves

angle of attack-The  acute  angle measured  be-
tween the chord of an anfoll  and the relative
wnd

arhculated rotor-A rotor system III  which  the
blades are free  to flap, drag (hunt), and
feather

b lade  d a m p e r - A  device  (sprmg, fnctlon,  or
hydraubc) installed  o n  t h e  vert~sl  ( d r a g )
hmge  to dumnlsh  or dampen blede  osclllatlon
(huntmg)  around  tbs  hmge

blade IoadlneThe  load placed on the rotor
blades of a h&copter,  detemuned  by dwimg
the gross wqht  of the h&copter  by the com-
bmed  ama  of all the rotor blades

center of gmvlty-An  rnagmary  pomt  where  the
msultant of all wqht  forces III  the body may
lx considered  to be concentrated for any  pow
tlon of the body

center of pressure--The nnaglnary  pmt  on the
chord line  where the resultant of all aerody-
namlc  forces of an arfoll  se&on may be con-
sldered  to be concentrated

centrifugal forc+The  force created  by the tan-
dewy of B body to follow a straight-lme  path
agamst  the force  wbch  causes  it to move  m a
curve, rwultmg  m a force which  tends to pull
sway from the ans  of rot&on

chord-An lmagznary  straight  hne  between the
leadmg  and trallmg  edges of an  alrfoll

collechv.  pitch  conhol-The  method of control by
whch  the pitch of all rotor  blades 1s  vaned
equally and simultaneously

coriol~s  effec+The  t e n d e n c y  o f  a rna~~  to 111.
crease or decrease its angular v&&y  when Its
radms  of rotation  1s shortened or lengthened,
respect1ve1y

cychc  pitch  control-The control wluch  changes
the pitch of the mtor blades mdvldually  dur-
mg  B cycle of ravolutlon  to control the tilt  of
the rotor dwz,  and therefore, the &m&on  and
velocity of horizontal  flight

delta hmga If&applng  hingel-The  hmge mth  its
&XIS  parallel to the rotor plane of rot&on,
wluch  pernuts the rotor blades to flap to equal-
1~8  hft  between the adwicmg  blade  half and
mtrestmg  blade half of the rotor dw

denswy  altltud+Pressure  altitude corrected for
temperature and hurm&ty

disc area-The  &ma  swept by the blades of the
rotor Thn  IS a cnxle wulth  I~.Y  center at the
hub &QS  and a radius  of one blade length.

disc  loadmg--The ratlo of h&copter  gross weight
to rotor dwz  area  (total h&copter  weight  &-
vlded  by the rotor disc  area)

dlsrymmetry  of IlLThe  unequal hft  across  the
rotor disc  nsultmg  from the dlffemnce  m the
velocity of &lr  over  the advancmg  blade Ilalf
and retreatmg blade half of the rotor dwz  area

fsathhsring  axu-The  ans  about  which  the pitch
angle of a rotor blade IS vaned Sometunes
referred to as  the spanww 8x1s

feothermg  actIon-That  sctlon whwh  changes the
pitch angle  of the rotor blades penodxdly  by
rotatmg them around then feathermg  (span-
Wise)  axis

Rapping-The vertxal  movement of a blade about
B delta (flappmg) bmge
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fraewhesllng unit-A  component part of the
transrmsslon  or power train  which  automatlc-
ally disconnects  the main  rotor from the engnw
when the engine  stops or slows below the equw
alent  of rotor RPM

ground l ffact-A beneficial  gain  III  hftlng  power
vhen  operating  near the surface--caused  bj
the rotor dormwash  field bang altered from Its
free mr  state by the presence of the surface

gyrorcopnr  prmssion-A  charectenstlc of all ro-
tatlng bodies When a force 1s  apphed  to the
periphery of B rotating body parallel to Its
xus  of rotation,  the rotating body mill  tilt  III
the &r&Ion  of the apphed  force 90” later m
the plane of rotation

hovering I” ground affsc+Operatmg  at such an
altitude (usually less than one rotor dwneter
above the surface) that the influence  of ground
effect 1s realwed

hunting-The  tendency of & blade (due to corlohs
effect) to seek 8. posltlon  ahead  of or belnd
that wluch  would be deterrmned  b>  c&r&gal
force alone

pitch angle-The angle between the chord hue  of
the rotor blade and the reference plane of the
mam  rotor hub or the rotor plane of rot&Ion

rigid rofn-A rotor  system wth  blades f&d  to
the hub 1~  such a way that they can feather but
cannot flap or drag

semnngnd  rotor-A rotor system m mhxh the
blades are  fixed to the hub but we  free to flap
and feather

slip-The controlled fight  of a h&copter  UI  a
dxectlon  not III  line  with  its  fore and aft 8x1s

solidity ratio-The  ratlo of total rotor blade IUXR
to total mtor &SC  *ma

stall-The  stall con&tlon  on the retreatlng  blade
mhxh occurs  at hgh forward axspeeds

standard atmosphere--~tmosphenc con&tlons IU
which  (1) the rnr  IS a dry, perfect gas, (2) the
temperature at sea level IS 59’ F (13” C ) ,
(3) the pressure at sea level (or mduced to sea
level) 1s 29 92 Inches  of Hg,  and (4) the tern-
pasture gradlent IS approximately  3 5’ F per
l.OC@foot change NIL  altitude

Up-path  plane-The  plane m which  rotor blade
tips travel when rota@

tip speed-The rotatlte  speed of the rotor at Its
blade tips

torque-A  force or comblnatlon of forces that
tends to produce a counterq rot&q ruotlon
In a smgle  rotor hellcopter  where the rotor
turns counterclockwxe,  the fuselage tends to
rotate clockwse  (loolnng  down on the hell-
copter)

translational lift-The addItIona  hft  obtained
through anxpeed because  of increased  effic~ncy
of the rotor system,  whether It  be mhen  transl-
tlonlng fronl B hovel into horizontal fight or
when hovering m a wnd
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