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platform provides protection from small arms fire 
and support for the aft gun mount (see figure 4-42). 

LATCH LEVER. 

The latch lever actuates the cover latch, which is 
spring-loaded, and is located at the right rear end 
of the feed cover. The function of the latch is to 
secure the cover in the closed position. When the 
lever is vertical, the cover is locked closed. Turn­
ing the lever to the horizontal position unlocks the 
cover (see figure 4-41). 

Do not tum the latch lever more than reo 
quired to unlock the cover, as damage to 
the latch spring will result. 

BARREL LOCK LEVER. 

The barrel lock lever is located on the right front 
end of the receiver. This lever Is secured to the 
barrel locking shaft and rotates the shaft to lock 
and unlock the barrel. When the lever is vertical, 
the barrel is unlocked. When the lever is horizontal, 
the barrel is locked in place (see figure 4·41). 

COCKING HANDLE. 

The cocking handle is located on the right side of 
the receiver beiwee)1.the cover and trigger mecha­
nism. Cocking handle function is to charge the 
weapon manually. When the handle is puUed to the 
rear, the bolt is cocked (see figure 4-41). 

I WARNING \ 

Before firing, the handle must be return­
ed to the forward position. 

SAFETY LEVER. 

The safety lever is located on the left side of the 
trigger mechanism. Safety lever function is to pre-

4.102 Change 1 

vent the weapon from being fired accidentally. The 
safety has two marked positions: F (Firing) and S 
(Safety) (see figure 4-41). 

TRIGGER. 

The trigger is located below the receiver directly 
under the feed way . Trigger function is to control 
firing of the weapon. 

GUN STATIONS. 

The gun stations are at the personnel door, jetti­
sonable window, and aft ramp. The forward guns 
are supported on swing-away mounts, providing 
fields of fire of 70 degrees forward, 50 degrees aft, 
65 degrees in depression, and from five to nine 
degrees in elevation, which is decreased to -30 
degrees as the guns are moved toward the auxiliary 
fuel tank area. The aft gun is supported on a 
mount and ,sliding platform attached to tracks on 
the aft ramp. The track's ipermit the platform and 
mount to be moved int<1l the firing position. This 
mount provides a rearward'field of fire of 80 de­
grees to each side, 65 degrees in depression, and 
five degrees in elevation when fired under the 
pylon, increased to 20 degrees after clearing the 
pylon. For fields of fire, see figure 4-44. 

I'WARNING I 
During gunnery missions, the personnel 
harness for the gun stations will be worn 
and connected to the rings and supports. 

AMMUNitiON STORAGE CONTAINERS. 

The qontainers attached to each gun have a capacity 
'" of 2QO round!i of 7.62MM ammunition, and the 

,,'¢OJl~ainets mquntec;1, on the floor each have a capa­
"," cfty of 7 50roJ'nCi'~ 'cif 7 .6,2MM ammunition. 

Th.epilo~;.'c~Pilot, cre1Nmlln, and vulnerable com­
ponents ofthe helicopter are protected from small 

, arms fire;by titanium armor plating (see figure 
4.45).' 
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KB·18 STRIKE CAMERAS. 

Two KB·18 strike cameras are installed on a limit· 
ed number of helicopters, modified by T.O. IH· 
3·577 ,to give a photographic capability to the 
missil)n. Qne camera is a vertical viewing camera 
and the lither, is an aft viewing camera. 

l' . 
Operating COntrols. , 

The came!'lls are operated: by a camera power con· 
trol panei, :h;)C~ted on the lower right side of the 
cockpit console, an ordnance release panel, located 
on the lower center of the cockpit console, and 
two camera operating control panels. located in 
the middle of the cargo compartment on the right 
side. The camera power control panel contains two 
push.to·test CAMERA·ON lights to indicate camera 
operation, an ON/OFF power switch to supply 
camera power, and two ON/OFF operate'switches 
for individual operation of the cameras. The ord· 
nance release panel contains a toggle switch with 
marked positions ARM and SAFE, a pushbutton 
switch with a RELEASE position, and a frameID 
'pushbutton switch for fr~e marking identifica· 
tion. The camera operating control panelJlas a 
frame.per·second control knob with positions 4, 2, 
.and 1, and an overrun control knob with 'positions 
'1,2,3,4,5, and 6. Theverticalcamerllh~ an 
automatic and manual mode of operatIon: The, 
automatic mode is controlled by.th\! OI:dnancere. 
lease switch .and the manual mod¥! is controlled by 
the operate switch on the cameni'\Jower control 
panel. The aft camera has onl~:llmanuai mode of 
operation controlled by the ope tate switch on the 
camera power control panel. 

Operating Procedures. 

BEFORE TAKEOFF,! 

1. 

a. 

b. 

2. 

a. 

b. 

3. 

Vertical camera o~erating con1;tol panel. 
, " 

Frame/sec. control kIlOb,", 4. 

Overrun control knob -' 6. 

Aft camera operating control panel. 

Frame/sec. control knob -1. 

Overrun control knob - 2. 

Camera power switch - ON. 

4. Camera on lights - DEPRESS. 
Press to test for light operation. 

INFLIGHT. . t': 
,;f: " 

For manual opera~ifrl (both cameras). 

1. AFT orylfRT op@rate switch - ON. 
When t,itfrty ~econdli' from target, place 
opera~ swit¢l\'ON. . 

,.i'/' ;if;-
2. AFT or VERT operate switch- OFF, 

AFTER:JfARGET RUN. 
For automatic operation on (vertical 
camera only). 

1. Ordnance release button - DEPRESS. 

2. Frame ID button - DEPRESS. 
(Hold momentarily when fr~,me identifica· 
tion marking is <!epressed; depress the 
frame lOJ>4tton simultaneously with initial 
depressf~:rof~he ordnance release button 
and hold-io.t at· least one second.) 

" , 

BEFORE .LEAVING THE HELICOPTER. 

Check that the camera power and the AFT 
and VERT operate switches are in the OFF 

: position. 

NOTE 

When the KB·1Scamera h~.used its film 
supply, it will automatically,cease oper· 
ating; however, power' must be turned 
off before removing film. 

FLARE EJECTOR SET AN/ALE·20(V). 

The AN/ALE·20(V) flare ejector system (figure 
4·46) installed on helicopters lJlodified by T.O. 
IH·3·646 is an airborne countermeasure system de· 
signed to deceive infrared guidance systems used in 
certain types of missiles. Deception is accomplished 
by tl!leasing flares having an infrared 'energy com· 
po~h~ large in comparisontothe helicopters in. 
frarMoutput so that the missile will fly to the 
flare" Ulstead of the helicopters. The system consists 
of one power panel,olie flare programming control 
panel, five remote release panels, one flare arming 
switch, onejunctioni><!lx, and two identical step. 
ping switches. with companion flare ejector cases. 
The AN I ALE·20(V) flare ejector system provides a 
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means of selecting the number of flares to be re­
leased, timing the interval between bursts, and 
igniting and releasing the flares from the helicopter. 
The AN /ALA-17 flare set is used with the system 
and provides 16 single flare bursts per system with 
a maximum of 32 single flare bursts per system 
with two sets of ejector cases installed in the heli­
copter. The flares may be programmed to release 
in bursts of one, two, or three flares at' intervals of 
2 to 2'0 seconds between bursts. The flares may 
also be released at a rate of one flare every 65 milli­
seconds by depressing the FAST TRAIN switch 
and all flares may be released in les,s than 3 
seconds. The system electrical dc power is wired 
through the helicopter squat switch and prevents 
inadvert~nt.releasingof flares when the helicopter 
is on the ground. The system is provided with a 
GRD MAINT switch located above the flare pro­
gramming control panel. The system is powered by 
28-volt de power from the essential dc bus through 
a 15-ampere circuit breaker and a 1'O-ampere cir­
cuit breaker, and 115-volt ac power from the essen­
tial ac bus through a 5-ampere circuit breaker. The 
pilot's flare arming switch must be on to enable 
ejector set operation. 

I WARNING I 
Under normal operating conditions, 
during inflight refueling or fuel dumping, 
the AN j ALE·2'O flare ejector system will 
be dearmed at the PILOT'S ANjALE-2'O 
ARMING SWITCH. 

The ignition of a flare within the loading case pre­
sents an extreme fire hazard to the helicopter. The 
following safety features provide for jettisoning the 
flare case should such ignition occur. A heat sensor 
within each case will initiate automatic firing of ex­
plosive bolts holding the case when temperature in 
the case rises abo1(e the preset limit .. The same ex­
plosive bolts can be ,ell'ctrically' firer:! byengagiEg 
either the RH CASE .tJrrTIS0N swItch or the LH 
CASE JETTISON switch on the flight.ell,gineer's ~ . 
panel at the right side flare release position. Ifth~; 
explosive bolts fail to jettison the case, t~e b.acku)? " 
manual system can be used. The manllal Jettlso,P. ;:' .' U 

device pulls pins holding the case when the mlmum . 
release lever, just forward of the ramp, is pulled. 't: 

FLARE PROGRAMMING CONTROL PANEL. 

(Figure 4-47.) 

The flare programming control panel is located on 
the forward cabin bulkhead .. The co.ntrol panel SUP'4 
plies the junction bo~ with command pulses at the 
right times and rates. The panel contains power 

. and automatic signal switches;. transfer switch, re­
lease switch, fast train switch, flares-per-burst 
switch, program-in-progress light, RH empty light, ~ 

bursts-remaining counter, burst interval selector, ~ 

and a burst selector. Flare releasing may be con­
trolled from the flare programming control panel 
or any of the five remote release positions. 

Power and Automatic Signal Switches. 

The power switch is a two-position (POWER and 
OFF) toggle type switch that controls 28-volt dc 
and 115·volt ac, 400-Hz power to the equipment. 
The auto switch isa two-position (AUTO and 
OFF) toggle tYPe switch that allows the system to 4 
accept a releasesig'iial from a remote signal source, 
such as a remote fiPingpanel. 

Transfer. Switch. 

The transfer switch is a two-position (TRANSFER 4 
and OFF) toggle type switch that controls the op­
eration of the relay in the junction box. The pur­
pose of the switch in the TRANSFER position is 
to transfer electrical.power to the right bank of ~ 
flares. shOUld a malfunction jettison occur in the 
left bank. 

" 
Release Switch. ,~ I 

'~I' :- , 

The release switch ila"momentary-contact push· 
button switch, placarded RELEASE. The switch, 
when actqated, initiates the firing program estab· 
lished by other control panel settings, 

Fast Train Switch. 

the fast:train switch is afuoment,wy-contact push­
button!l~itch, placardedF AST TRAIN. When the 
switchWactuated, one flare is released eVery 65 ±. ~ 
1'0 milliseconds until cases are ell)l'lty. • 
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FRONT VIEW 

REAR VIEW 

Figure 4-47. Flare Programming Control Panel and Power Panel 

Program-in-Progress. 

The program-in-progress light is a 28-volt dc press­
to-test light that is placarded PROGRAM IN PRO­
GRESS. This light acts as a reminder to the opera­
tor that the flare release program established by 
the other controls is in progress. The light glows 
when the fast train switch or the release switch is 
depressed. The light goes off upon completion of 
the program, but not in fast train. The light also 
goes off if power to the system is momentarily 
lost, thus indicating that the release program must 
be reinitiated when flares are required. 

RH Empty Light. 

The RH empty light is a press-to-test light that is 
placarded R.H. EMPTY. This light serves as an 

indication to the operator that all flares in the 
right-hand bank have been released. 

Bursts Remaining Counter . 

The counter, placarded BURSTS REMAINING, 
displays the total number of bursts remaining on 
the helicopters. The counter is equipped with a 
mechanical reset control mounted on the control 
panel. 

Burst Interval Selector. 

The burst interval selector, placarded INTERV AL 
SELECTOR, controls the burst interval generator. 
The thumbwheel is detented for positive, easy set­
ting in I-second increments from 2 seconds to 20 
seconds. The drum is marked in I-second incre­
ments and numerals for all even numbered settings. 

4-109 
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Burst Selector. 

The burst selector, placarded BURST SELECTOR, 
is used to select the number of flare bursts desired 
for a particular program. The number of bursts 
used for a particular program is selected by rotat­
ing the thumbwheel control until the desired num­
ber of bursts is shown through the window on the 
control panel. The drum is marked in l·burst incre­
ments from 1 to 29, and numerals for all even 
numbered settings. When a program is initiated, the 
burst selector counts subtractively to show the 
number of bursts remaining in that particular pro­
gram. When the drum counts to zero, it will auto­
matically return to the number of bursts originally 
selected. 

JUNCTION BOX RESET SWITCH AND RESET 
LIGHTS. 

(Figure 4-48.) 

The junction box operates on the receipt of com­
mand pulse signals from the control panel. The 
junction box is equipped with a reset switch and 
two reset lights. 

Reset Switch. 

The junction box is equipped with a momentary­
contact type switch, placarded PRESS TO RESET. 
The switch when activated returns the stepping 
switches to the No. 1 positions and allows the sys­
tem to start at its initial settings. 

WARNING 

The junction box PRESS TO RESET 
switch is not be be actuated during 
flight. The switch shall be reset by 
ground-servicing personnel. 

Reset Lights. 

There are two press-to-test reset lights, placarded 
LH and RH, on the junction box. These lights indi­
cate which stepping switches have been reset to the 
No.1 position and are ready to be fired again. The 
reset circuit is such that the LH and RH lamps 
blink rapidly when reset. 

Figure 4-48. Junction Box 
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FLIGHT ENGINEER'S PANEL. 

The flight engineer's panel (figure 4·49) contains 
switches to release flares and to jettison the flare 
case assemblies. The FLARE RELEASE push· 
button initiates a flare release signal to the control 
panel to release the pre programmed flare burst. 
The CASE JETTISON switches initiate a signal to 
the explosive bolt holding the case assembly to the 
helicopter. The RH switch jettisons the case assem· 
bly on the right side of the helicopter. The LH 
switch jettisons the case assembly on the left side 
of the helicopter. 

6519 171 Ap 

Figure 4·49. Flight Engineer's Panel 

CYCLIC STICK FLARE RELEASE SWITCH. 

A flare release switch is located on the top right of 
the pilot's and copilot's cyclic stick to enable the 
pilot or copilot to release flares. The switches initio 
ate a signal to the control panel to release the pre· 
programmed flare burst. 

RAMP OBSERVER FLARE RELEASE PANEL. 

The ramp observer flare release panel is mounted 
on a bracket and can be removed and hand held. 
Movement is limited by the length of the connect· 
ing electrical cord. The FLARE RELEASE switch 
initiates a signal to the control panel to release the 
preset flare burst, 

LEFT SIDE FLARE RELEASE PANEL. 

The left side flare release panel is mounted to the 
right of the left forward cargo window. The panel 

T.O.1H·3(C)E·1 

contains a FLARE RELEASE switch that initiates 
a signal to the control panel to release the prepro· 
grammed flare burst. 

FLARE CASE MANUAL JETTISON LEVER. 

The flare case manual jettison lever is used to reo 
lease the case assembly containing the flares from 
the helicopter in an emergency. The lever pulls 
two locking pins on the case assembly mount to 
jettison the case assembly and flares. 

FLARE EJECTOR SET POWER PANEL. 

The flare ejector set power panel contains two 28· 
volt dc circuit breakers, the 115·volt, 400·Hz cir· 
cuit breakers, and the two maintenance switches. 
The STEPPER MTR RESET switch removes power 
from the case assembly stepping switch assembly 
reset relay to prevent stepping switch reset until 
all flares have been released. The GRD MAlNT 
switch applies power to the system when on the 
ground by bypassing the landing gear interlock. 

CASE ASSEMBL Y. 

Each case assembly contains an AN / ALA·l 7 flare 
set containing 8 tubes with 2 flares in each tube, 
giving a total of 16 flares for each assembly. The 
helicopter installation contains two fixed·mounted 
case assemblies for a total of 32 flares. A stepping 
switch assembly is mounted on the case assembly 
and is used to supply 28·volt dc igniting power to 
the squib of II flare pellet. The flare is released 
from the case assembly upon ignition. 

AN/ALA·17 FLARE SET. 

The AN/ALA·17 flare set consists of a CY ·2617/ 
ALA·17 rack and eight M·3529/ ALA·17 cartridges. 
Each cartridge consists of two RR·I08/ALA·17 
flares (an upper and lower flare crimped together). 
The cartridges are covered with polyethylene 
sleeves, which act as a buffer and as a lubricant 
between cartridges. The cartridges are positioned 
in the rack and held in place by a locking bar. An 
assembled flare set is 12·1/2. inches in width, 12· 
1/2 inches in height, and weighs 41 pounds. The 
flare set is installed in the case assembly located 
on each side of the helicopter. 

Chang. 1 4·111 
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RESCUE HOIST CABLE QUICK SPLICE PLATE 

The hoist quick splice plate assembly is a device to 
be used by rescue personnel in the event that the 
hoist cable has been inadvertently cut or has bro· 
ken. It is to be used only when time is a factor 
and no other means is available for safe rescue. 

NOTE 

Cable quick splicing can be used only 
when there is adequate cable left on the 
hoist drum to accomplish the rescue. 

Pull out sufficient cable from the hoist drum to al· 
low installation of the quick splice plate. 

Leaving approximately 6 to 10 inches of the broken 
end of the cable extending beyond the end of the 
plate, position the cable at the start point on the 
front of the plate. (Figure 4·50 of this supplement). 
Following the direction indicating arrows, position 
the cable under the retainer clip, proceed to slot 1 
and thread cable thru the cable slots in numerical 
order. While going thru the cable threading process, 
keep the cable as tight as possible. 

WARNING' 

Failure to follow the proper cable thread· 
ing sequence on the splice plate will reo 
suIt in cable slipping out of the splice 
plate when tension is applied to the res· 
cue hook. 

After quick splice plate installation, place cable on 
floor, carefully step on it and pull on the hook 
assembly sufficiently to remove all possible cable 
slack and to assure that the splice is secure. Exer· 
cise care not to kink the cable while standing on 
it. An alternate method is to have another crew 
member hold the cable while the hook is being 
pulled. 

The spliced cable is ready for use. 

I WARNING ,. 

The quick splice plate will not engage 
the hoist upper limit switch and will pro· 
bably result in cable separation when the 
plate engages the boom head·. Exercise 
extreme care to keep the splice plate 
well below the boom head when the 
cable is being retracted. 

DETAIL A Figure 4·50. Rescue Hoist Cable Quick Splice Plate Assembly 
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SECTION V 

'.' OPERATING LIMITATIONS 
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ENGINE OPERATING LIMITATIONS ...... 5·6 

TRANSMISSION LIMITATIONS ...... , .... 5·7 

ROTOR LIMITATIONS .................. 5·7 

AIRSPEED LIMITATIONS ................ 5·8 

CROSSWIND LIMITATIONS .............. 5·8 

INTRODUCTION. 

The operating limitations contained in this section 
are derived from experience gained during the de· 
sign,production, and flight test of the helicopter. 
These limitations, which must be observed if safe 
and efficient operation are to be attained, should 
be studied carefully to familiarize the pilot with 
proper operation of the ,helicopter and associated 
equipment.,ThEl instr)lments in the helicopter are 
marlted as shown in figure 5·1 to indicate to the 
pilot that fligl),t Q,peratiorlis being accomplished in 
a safe, desirable or unsafe region. Appropriate ex· 
planations are provided whl're the mlltkings are not 
self-explanatory. In addition, other limitations on 
operational procedures, maneuvers, and loading are 
covered. 

If any of the operating or red line limits 
included in any section of the Flight 
Manual are exceeded, remarks concern· 
ing the degree to which the limits were 
exceeded and the time duration will be 
entered in the Form 781. 

Page 

MANEUVERS ... , ...............•..•... 5·8 

JETTISON OF EXTERNAL FUEL, 
TANKS LIMITATIONS ................ 5·8 

CENTER OF GRAVITY LIMITATIONS ..... 5·8 

WEIGHT LIMITATIONS ............. '" 5·10 

LANDING GEAR LIMITATIONS ......... 5·10 

EQUIPMENT LIMITATIONS ............. 5·10 

SLOPE LANDING LIMITATIONS ......... 5·12 

MINIMUM CREW REQUIREMENTS. 

The minimum crew required to operate the heli· 
copter is a pilot and a copilot.:rb~ basic crew is a 
pilot, copilot, and flight~~_it:;:~d,~itional crew· 
members may be adQed ,$:j;t~~'(fiS<ltlltj()n of the op· 
erational commande,r. " ., 

I, <'. 

\ 

I NSTR UM EN-r:;iPt;.Alr~lla;rsM~Rj( INGS. 
'" '.' 

'. ~n~~ment marking~ /lWawn in figure"~.1 and other 
'operating limitations inthisBMtion are not re· 

i peated elsewhere in the manual. Unmarked or 
blank areas between upper and lower radials, or be· 
tweena,'green arc and a red radial, indicate regions 
that should be avoided except for transient condi· 
tions such as starting, ground operation, etc. 

NOTE 

On the power turbine inlet temperature 
and torque gages, the 30 minute opera· 
ting limitation between normal and 
military power is represented as an un· 
marked area. 
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5·2 

FUEL GRADE· JP4/JP5 

••••••• AIRSPEEDS 

YELLOW RADIAL 70 KNOTS LANDING GEAR · DOWN 

_ RED RADIAL 142 KIAS MAXIMUM 

TRIPLE TACHOMETER 

(Nf/Nr) 

_ REO RADIAL 91" MINIMUM POWER - OFF 

___ REO RADIAL 98% MINIMUM POWER - ON 

YELLDWARC J8·100% PRECAUTIONARY, INDICATES 
APPROACH TO MINIMUM N 
FOR YAW CONTROL AUTHbRITY 
WITH POWER ON 

_ GREEN ARC 100 - 103% NORMAL OPERATING RANGE 

_ REDRADIAL 112% MAXIMUM POWER - OFF OR NO 
LOAD CONDITION 

Figure 5·1. Range Markings (Sheet 1 0(4) 
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FUE L GRADE - JP4/JP5 

TORQUEMETER 

GREEN ARC 40 - 86% 0 
NORMAL OPERATING 
RANGE 

RED RADIAL l03~ Q MAXIMUM TWIN 
ENGINE POWER 

RED RADIAL 123% Q MAXIMUM SINGLE 
ENGINE POWER 

NOTE : The 86% li", i, ;5 established by the main gear bo)! mallimum cont inuous 'nput limit. 
The main gear bOll is raled p 2100 HP maximum conlinUOUJ power. 

POWER TURBINE INLET TEMPERATURE T 5 

GREEN ARC 300° TO MOoe T 5 

REO RADIAL 696°C T 5 

GAS GENERATOR IN,> 

YEL LOW RADIAL 56% Ng 

GRE EN ARC 70 _ 102.7% Ng 

RED RADIAL 102.7% Ng 

NORMAL OPERA· 
TING RANGE 

END OF 30 MIN· 
UTE LIMIT RANGE 

END OF 5 MIN· 
UTE LIMIT RANGE 
(MAXIMUM EXCEPT 
FOR STARTING AND 
TRANSIENT COND ITIONS 

(GROUND IDLE :!: 3%) 

NORMAL OPERAT!NG 

RANGE 

MAXIMUM 

OIL TEMPERATURE 

RED RADIAL MINIMUM 

GREEN ARC NORMAL RANGE 

RED RADIAL MAXIMUM 

Figure 5·'. Range Mark ings (Sheet 2 of 4) 
5·3 
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• 
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• 

5-4 

ENGINE OIL PRESSURE 

_ RED RADIAL 

_ GREEN ARC 

_ RED RADIAL 

8 PSI 

19 TO fIJ PSI 

75 PSI 

MINIMUM 

NORMAL RANGE 

MAXIMUM 

TRANSMISSION OIL TEMPERATURE 

THE TRANSMISSION OIL TEMPERATURE INDICATOR IS 
CONNECTED TO AN OIL TEMPERATURE BULB 
ADJACENT TO THE MAIN GEAR BOX OIL OUTLET PORT. - RED RADIAL - lSOC MINIMUM - GREEN ARC 40° TO 135°C NORMAL 

YELLOW ARC 1350 TO 145°C PRfCAUTIONARY. 
MAXIMUM TH'I'1e LIMIT 60 MINUTES - RED RADIAL usoe MAXIMUM 

CAUTION LIGHT 

THE TRANSMISSION Oil TEMPERATURE CAUTION LIGHT 
WILL COME ON WHEN THE TRANSMISSION Oil TEMPERA­
TURE REACHES 120°C AT THE MAIN GEAR BOX Oil INLET 
PORT . 

••••••• TRANSMISSION OI L PRESSURE 
TRANSMISSION Oil PRESSURE INDICA TOR IS ACTUATED BY 
A PRESSURE TRANSMITTER CONNECTED TO MAIN GEAR 
BOX OIL INLET PORT. 

_ RED RADIAL 12 PSI MINIMUM 

YELLOW ARC 12-35 PSI PRECAUTIONARY IND-
ICATES PRIMARY OR 
SECONDARY PUMP FAIL-
URE OPERATING RANGE - GREEN ARC 35-90 PSI NORMAL OPERATING 
RANGE 

_ RED RADIAL 100 PSI MAXIMUM 

CAUTION LIGHT 

Figure 5·1. Range Markings (Sheet 3 of 4) 
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_ UTILITY HYDRAULIC PRESSURE 

_ RED RADIAL 

_ GREEN ARC 

_ RED RADIAL 

2600 PSI MINIMUM 

26CC TO 31SO PSI NORMAL RANGE 

3150 PSI MAXIMUM 

_ AUXILIARY HYDRAULIC SERVO PRESSURE 

_ RED RADIAL 

_ GREEN ARC 

_ RED RADIAL 

THE AUXILIARY 
COME ON WHEN 

l~OO PSI MINIMUM 

1300 TO 1600 PSI NORIAAL RANGE 

1600 PSI MAXIMUM 

CAUTION LIGHT 

. THESE INSTRUMENTS ARE POSITIONED SO THAT UNDER NORMAL OPERATING 
CONDITIONS THEIR NEEDLES ARE AT APPAOX1MAT[l Y THE NINE O'CLOCK POSITION. 

PRIMARY HYDRAULI C SERVO PR ESSURE 

_ RED RADIAL 

_ GREEN ARC 

_ RED RADIAL 

1300 PSI MINIMUM 

1300 TO 1600 PSI NORMAL RANGE 

1600 PSI MAXIMUM 

CAUTION LIGHT 

Figure 5· 1. Range Markings (Sheet 4 of 4J 
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POWER LIMITATIONS 

T58-GE-5 Engine 

Gas Power Turbine 
Generator Inlet Temp Torque Time 
Seeed - % N °c T .. '7CQ 1d!!!!!.. g -5 

Maximum Power 102.7 7210 C 103 5 minutes 

Military Power N/A 6960 C 103 30 minutes 

N!A 6600C 86 None Maximum Continuous 
Power T58.QE·100 Engine 

Maximum Power 

Military Power 

Maximum Continuous 
Power 

Ga. 
Generator 
Speed. % Ng 

102.7 

N/A 

N/A 

Power Turbine 
Inlet Temp 
oCT _5 

745°C 

721°C 

686·C 

NOT!;: 

Torque Time 
%Q Limit 

103 10 minutes 

103 30 minute. 

86 NONE 

Torque may exceed 103 percent Q on one engine to a maximum of 12S 
percent, provided that the power of the other Is reduced so that total 
torque for both engines does not exceed 206 percent Q for 30 minutes 
or 172 percent continuously, and thst the single engine N g, TS and Q 
limits are not exceeded. The governing parameter Is the limit which 
occurs first. 

Figure 5·2. Power Limitations Tabls 

INDEX MARK. 

A white index mark appears on all instruments 
having range markings to indicate possible move­
ment of the glass and subsequent incorrect inter­
pretations of the markings. 

ENGINE OPERATING LIMITATIONS. 

Engine operating limits are illUstrated in figure 6-1. 

• Dependent upon free air temperature 
and pressure altitude. the Ng. T6. or Q 
power limits may be reached first. This 
parameter determines whether the 30-
minute operating limit or the 5-minute 
operatinl( limit are effective. For varia­
tion of power available with temperature 
and altitude, refer to the Appendix. 

5·6 Change 1 

• Extended use of maximum power will 
reduce engine life. Therefore, maximum 
power will not be used more than 6 
minutes at one time. Immediately after 
operating at maximum power for. a cu­
mulative total of 6 miDlltes.~perate 
engines 16 minutes at continUous power! 
6600 C T6 or below for cooling-In event 

,,:,'~:maximum power is againreqqired. 

ENGINE OVERSPEED AND 
()VfRfEMPERATURES. 

Exceeding the normal engine operating limitations 
will result in reduced engine life. These critical op­
erating limitations reflect· the absolute limitations 
of the engine and should only be used when re­
quirl'd hy an ('xtrl'me operational situation. 

Power Turbine Speed (Nf). 

The lower unmarked area on the Nf tachometer in­
dicates a precautionary range for transient opera­
tion with engine power on. The upper unmarked 

.. " 



area is a transient power range used during ground 
checks, reduced power operations, and prior to 
takeoff to allow for engine droop. 

During reduced or partial power descents 
and practice autorotations with mini­
mum collective pitch, Nf may exceed 
103% up to a maximum of 112%, at 
which time the rotor (Nr) and Nf 
pointers should split if the rotor speed is 
increased above limits. If the Nr pointer 
does not split at this point indicating 
failure of the engine drive shaft to pro­
perly disengage from the transmission, 
power should be applied to bring N f 
within limits. 

Gas Generator Speed I Ng). 

The following overspeed limits are provided for in­
formation in case of fuel control malfunction or 
improper settings. Operation between Ng topping 
limit and 106% Ng; no action is required. 

Power Turbine Inlet Temperature IT5). 

If the maximum T5 attained during compressor 
stalls or any other overtemperature is not observed, 
it is to be assumed that the limits have been 
exceeded. 

Limiting T5 Rise for Salt Water Operation. 

Hovering over salt water is limited by the T5 rise 
experienced at the same Ng and torque values 88' 

adjusted for the change/variance from the estab­
lished Ng/T5 baseline. This limit is 350 C. See Sec­
tion II for computation instructions. 

TRANSMISSION LIMITATIONS. 

Main gear box oil temperatu.res and pressures are 
shown in figure 5-1. In addition, the transmission 
system has input torque limits which requirecer­
tain actions when exceeded. These are provided for 
information. 
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MAIN GEAR BOX OIL TEMPERATURE. 

The normal operating temperature is 400 C to 1350 

C. Temperatures above 1200 C on the indicator 
generally result from operating in high ambient 
temperature, unusual flight attitudes, malfunction 
of the cooling system or an overservicedcondition. 
Gear boxes operated between 1350 C and 1450 C 
for periods not exceeding 60 minutes require a 
serviceability check. Gear boxes operated between 
1350 C and 1450 C for periods exceeding 60 min­
utes or above 1450 C for any length of time must 
be replaced. 

MAIN GEAR BOX OIL PRESSURE. 

Main gear box oil pressure fluctuations of 2 to 3 
psi are normal; however, fluctuations up to 10 psi 
(± 5 psi from a steady position) are allowable pro­
vided no indications of a malfunction are apparent. 

TWO ENGINES OPERATING. 

Transient operation between 206 and 240% total 
torque is permissible for periods not exceeding 5 
seconds. Operation between 20!' and 240% total 
torque for more than five seconds or over 240% 
torque for any time period requires removal and 
overhaul of the main gear box. 

ONE ENGINE OPERATING. 

Transient operation between 123 and 130% for 
more than 5 seconds or over 130% for any time 
period requires removal and overhaul of the main 
gear box. 

ROTOR LIMITATIONS. 

Normal rotor limitations'are sh0wnin figure 5-1. 
When operating with ,power olt;do not operate con­
tinuously, below 100% or above 103% Nr. Opera­
tions abovcHhe continuous limit for significant 
percentages of mission' flight time will degrade the 
service life of main rotor components. It is recom­
mended that dUring ,extended instrument ap­
proaches and repeated closed traffic patterns, the 
continuous limit be observed by beeping throttles 
to maximum during the final phase of the approach 
if maximum Nr is desired. During autorotation, do 
not operate below 91 % or above 112% Nr. 

Ch!'ntI,e 1 5,-,7 
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Should the lead lag or droop stops be 
contacted in flight during a main rotor 
droop, the main rotor head dampers and 
rotating scissors assemblies must be re­
moved and returned to overhaul for in­
spection. The main rotor blades must be 
inspected in accordance with existing 
inspection requirements. 

NOTE 

Rotor speeds in excess of 117% Nr 
subject components to abnormal forces 
which may cause damage. 

AIRSPEED LIMITATIONS. 

The maximum permissible airspeed is 142 KIAS. 
Figure A-3S shows the maximum airspeed at . 
various gross weights, density altitudes, and rotor 
rpm. Sideward flight is limited to 35 knots. Rear­
ward flight is limited to 30 knots. Maximum air,. 
speeds for maneuvering flight are determined, by 
using the Blade Stall Chart and Blade Tip Mach 
Chart in the Appendix. 

CROSSWIND LIMITATIONS. 

The maximum cross wind component for landing is 
35 knots. 

MANEUVERS. 
. :'~: '. :"- I ,: .. ; I _: }' ~. ', ... > 

The helicopter is restricted to normal flying ma­
neuvers. No aerobatic mlll'leUVerS' are permitted and 
flight contrdlsshould not be·mlllved,·abruptly,; ,. 
Hovering turns should not exde'ed a,rate;~iae!il,de­
grees in 15 seconds. Maximum angle8'Ofob~t!lk"de, 
pendent on airspeed and blade load fact0xs,arew (; 
determined using the blade stan chart in .tlt",·, ' . 
Appendix. The maximum angle of bank IS '5!il>d' .,,, 
degrees. 

JETT,ISON OF EXTERNAL PtlEL:' . 
TAN KS LIM IT ATIONS. ;.' 

The following limitations apply to either empty or 
full tanks: 

5·8 Change 1 

WARNING I 
• Do not jettison tanks when both engines 

have failed. 

• To insure effective operation of the man· 
ual jettison system, a force of appro xi· 

. mately 65 pounds may be required to 
actuate the manual release handle. A 
minimum of 2';" inches of cable travel 
is necessary to insure simultaneous jetti· 
son of both tanks. 

1. The recommended airspeed for jettisoning 
the external fuel tanks is 70 KIAS or less. 

Do not jettison external fueJ.tanksabove 
level flight speeds of 75 KIAS, above 
rates of descent of 300 feet-per-minute, 
during autorotation, or· asymmetrically 
during climb.' . 

2. The external tanks should not be jettisoned 
at rates·of-descent of 300 feet-per-minute 
or greater, due to the possibility of released 
tanks striking the main ortail rotor blades. 

3. Asymmetric jettison of the external tanks 
during climb can result in rapid attainment 
of excessive roll rates and roll attitudes 
(200 roll in 0.2 seconds,),' , 
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completed. The load adjuster may be used to com-I pute the Form 365·4. For additional information, 
refer to LOAD ADJUSTER in Section IV, 
WEIGHT LIMITATION, in this section, Manual of 
Weight and Balance, T.O. 1-1B-40; Basic Weight 
Checklist and Loading Data, T.O. 1H-3(C)C·5, 
Cargo Loading Manual, T.O. 1H-3(C)-9, and USAF 
Aircraft Weight and Balance, T .0. 1-1B-50. 

WEIGHT LIMITATIONS. 

The basic design or normal gross weight of the heli­
copter for structural analysis is 19,500 pounds at a 
limit load factor of 2.5 Gs. The maximum allow­
able gross weight is 22,050 pounds at a limit load 
factor of 2.21 Gs. The maximum gross weight for 
hovering charts in the Appendix give detailed in­
formation on the maximum gross weights at which· 
the helicopter may be operated under varying con­
ditions of temperature, altitude, wind velocity, and 
type of takeoff or landing. Gross weight of the 
helicopter may be determined by referring to the 
takeoff and landing data (TOLD) card. 

MARGIN OF SAFETY AND LOAD FACTORS. 

It must be realized that as a structure is loaded to 
higher weights, its ability to withstand additional 
loads resulting from maneuvers or gust conditions 
becomes increasingly less. The margin of safety is 
the amount of additional load that the structure 
will sustain before failure occurs. When planning 
any helicopter mission, consideration must be 
given to the fact that the maximum permissible 
weight may depend on the margin of safety desired 
for the various supporting structures (main rotor, 
fuselage, landing gear, flooring, etc). If the mission 
requires excessive maneuvering or flight through 
turbulent air, it is advisable to maintain a larger 
margin of safety than if smooth level flight were 
contemplated. However, the larger the margin of 
safety, the lower the maximum permissible weight 
will be. Flight load factors are used as an indication 
of the margin of safety available for helicopters. 
Therefore, the structural margin of safety will be 
equal to the difference between the limit load 
factor determined for the gross weight and the 
flight load factor the helicopter is sustaining at any 
given moment. For example, should the helicopter 
be loaded so that it is capable of making good a 
limit load factor of 2.5, and during various phases 
of flight, flight load factors (G loads) due to ma­
neuvers or gusts of 1.5 and 2.0 are imposed on the 

5·10 Change 1 

helicopter; the margins of safety during these 
phases would be 1.0 and 0.5 flight load fac·tors, rp· 
spectively. Therefore, it is important that the maxi­
mum flight load factors that will be encountel'('d 
during a mission be anticipated in order that til<' 
helicopter will be loaded in such a manner that 
the load limit factor it was designed for will neV"1" 
be exceeded during any phase of the flight. 

LANDING GEAR LIMITATIONS. 

There are no structural limits affecting the ext(>n· 
sion or retraction ofthe landing gear in flight. The 
landing gear is designed for landing at the design 
normal gross weight of 19,500 pounds, with 
ground contact at a sinking speed of 480 feet per 
minute. Caution should be used in taxiing the air­
craft in the most critical condition of a braked roll, 
pivoting and clockwise turning (nose glial' only). 

A hard landing will be entered in the 
Form 781, if the limits of figure 5-4 are 
exceeded, or if any reasonable doubt 
exists as to the firmness of a landing. 

EQUIPMENT LIMITATIONS. 

1. Aft ramp shall not be operated in flight at 
airspeeds above 115 knots. In no .case shall 
the ramp be opened below the horizontal 
position in flight. 

Ramp safety cables must be installed at 
all times during flight. 

2. The personnel door shouli!l not be opened 
or closed during flight at airspeeds above 
115 knots. 

3. Use of the cargo slings is limited to maxi­
mum weights as follows: 

a. External cargo sling (cable suspended) 
6000 pounds. 



b. 

4. 

5. 

6. 

a. 

b. 

500 

MAXIMUM SINK RATE 
ON LANDING 
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GROSS WEIGHT 1000 LBS 

Figure 5·4. Maximum Sink Rate on Landing Chart (R.rrsctebl. Landing Gear) 

External cargo sling (low response) c. Below 600 lbs of fuel per timk 
8000 pounds. 

d. Whenever a fuel filter bypass caution 
Rescue hoists that have a letter Z stamped light is illuminated. 
on the nameplate are limited to a maximum 
of 550 pounds when raising a load and 300 e. Whenever a fuel low pressure warning 
pounds when lowering a load. light Is illuminated. 

The helicopter will not be flown In known 
I WARNING , 

icing conditions or visible moisture when Engine flameout can be eJl:pected in 
temperatures are at or below plus 50 C, flight if the aircraft is operated without a 
without a foreign object deflector installed. boost pump functioning under any of 

the above conditions. -' 

One fuel boost pump per engine must be 7. Do not change altitude more than 200 feet 

on and functioning during flight to ensure with BAR ALT engaged without depressing 

continuous fuel supply to the engine the BAR REL switch or completely dlsen-

driven fuel pumps while engines are opera- gaging the BAR ALT. Damage to the alti· 

ting under any of the following conditions: tude controller will result If altitude is 
changed more than 500 feet with BAR 

Above 5000 feet P A ALT engaged. 

8. Hoist operations using the winch Installa-
Above 250 C tion (CH-3E prior to serial No. 66·18285 
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not modified by T.O. 1H-3(C)C-661) is 
limited to use in actual emergency rescue 
or for training purposes using a dummy. 

9. The cabin jettisonable windows should not 
be removed or installed above 70 knots. 

SLOPE LANDING LIMITATIONS. 

1. To achieve a hovering condition with at 
least one wheel on a slope, the following 
limits apply: 

CONDITION 

Noseup Slope 
Nosedown Slope 
Cross Slope 

5·12 

SLOPE LIMIT 

30 degrees 
8 degrees 
26 degrees 

2. To achieve a landing and rotor shutdown, 
the following limits apply: (CG listed is the 
most critical which would apply for each 
slope condition.) 

SLOPE MOST 
CONDITION LIMIT CRITICALCG 

Noseup Slope 8 degrees 280 inches 
Nosedown Slope 8 degrees 264 inches 
Cross Slope 10 degrees 264 to 280 

inches 

NOTE 

A 20 knot downslope wind condition will 
reduce noseup and cross slope capability 
by approximately 1 degree. Effects of a 
moderate upslope or cross wind slope will 
be negligible. 

,.;, 

'-", 

~ 
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SECTION VI 

FLIGHT CHARACTERISTICS 

TABLE OF CONTENTS 

Page 

INTRODUCTION ....................... 6·1 

LEVEL FLIGHT CHARACTERISTICS ...... 6·1 

STALLS .............................. 6·3 

BLADE STALL ......................... 6·3 

SETTLING WITH POWER ................ 6·4 

~ FLIGHT CONTROLS ..................... 6.4 

INTRODUCTION. 

~ The helicopter is capable of flight over a speed 
range extending from approximately 30 knots rear· 
ward to approximately 142 knots forward and 
sideward flight up to 35 knots. 

~ The helicopter has an automatic flight control sys· 
tem (AFCS) which improves its basic flying quali· 
ties. The rotor of this helicopter can be safely en· 
gaged'and stopped in winds up to 60 knots. Cyclic 
and tail rotor. pitch control provide taxi capability, 
in winds from any direction. The tricycle landing' 
gear gives good ground handling characteristics and 
minimum radius turns are easily accomplished .. ' 
Water maneuvers in any direction while floating in 
a level attitude are accomplished with minimum 
power expenditure. The hel~copter lifts into a t hover in a generally level attitude; however, this is . 
a function of center of gravity location; aft CG giv· 
ing a slightly nose high attitude, and forward CG a 
slight nosed.own attitude. Two control system char· 

.. acteristics ar.e 'incorporated which simplity coord';' 
, nation of controls when lifting off to a hover. As 

increasing collective pitch results in an increase in 
main rotor torque, anincrease.intail rotor thrust 
wW 'i)e requirjld to offset the yawing moment in· 

~ duced. This is accomplished automatically by an. 

Page 

HELICOPTER VIBRATION ............... 6·5 

MANEUVERING FLIGHT ................ 6·8 

DIVING ........................ '.' ..... 6·8 

FLIGHT WITH EXTERNAL LOADS .....• '" 6·8. 

TAIL ROTOR EFFECTIVENESS ........... 6.8 

integral mechanical coupling within the control 
system which ~ltettl taU rntgr pitcQ as ~ ryipctjQb Of , 
collectjye pit~h. Therefore, pedal applications reo 
quired by the pilot to hold his headi,ng as power is 
applied to hover will be very small. .The §ecru:ld. 
mode of mechanical. coupling, also provided during 
a collective c,bllpge, imparts a proportional 1.1 
tilfto the rQtor cone. to counterad the rolling im·. 
balance and latera! drjft induced. by the Change iT\ 
tail rotor .thrust. Rpm control during all ranges of 
flight is simplified with the,turbineellgipe instal\a: 
tion. Once a.rotor speed is selecte'd, tneenginefuel" 
control will autom~tically m\lint!lil)- tpe selected .. 
rpm. Only .small adjustments to eng}.n.e trim speeds 
will be. require<;l to Compel1$~te fora~Hghfdroop 
which occursafterpo~er~hang~s: 

LEVEi.L.F!I.d~GiHTCHARACTER ISTICS. 
.-, II' i -;), 

Coawoj.<i1:ispIMement .whil<l moying away frOm a 
ho¥er. i/;'PQsjtivein'all directions.;. h.owever, .initial 
reSPll,nse t\!l.R cydic input will' b.e slightly greater 
wj,~h.the AFCS operating. Any oscillation induc.ed 
by an·.a!,rodynamic .disturbance, while hovering, 
will he dampened within one cycle with the AFCS 
operating .. With the AFCS off, the oscillations are 
mildly divergent but are easily controlled by the 

6·1 



T.0.1H·3(C)E·l 

pilot. While transitioning from hovering into for· 
ward flight, without AFCS at high weights, mom­
entary application of aft cyclic to maintain desired 
pitch attitude after the basic applications offor­
ward cyclic may be noted, but control is easily 
maintained. During climb, control is positive about 
all axes and no difficulty is encountered in main­
taining best rate-of-climb speed. The heading will 
be maintained at all flight conditions with yaw 
channel of the AFCS operating, and the helicopter 
will return to original heading without oscillation 
if disturbed by a gust. Without the yaw channel 
operating, any disturbance in yaw will be.dampen­
ed in a few cycles. When entering sideslips, control 
positions will always be in the proper direction, 
(right lateral cyclic with left pedal) and no control 
reversals will be encountered throughout the range 
of sideslip angles. There is adequate tail rotor pow­
er available to accomplish any .desired directional 
maneuvering. In the speed range from 50 knots to 
Vmax, a forward cyclic increment will be required 
to increase airspeeds. The helicopter will always ex­
hibit a tendency to return to trim following a dis­
turbance in pitch or roll with AFCS engaged. With 
the AFCS off, any oscillations in pitch and roll will 
be dampened in a few cycles. At high rotor speeds, 
disturbances in pitch and roll will be dampened 
best. At higher rotor speeds, control margins are 
greater. No violent helicopter motions are encount­
ered when entering autorotation in forward flight; 
however, some trim change will be noticed. The 
amount of cyclic trim change required is a function 
of airspeed at the time of autorotational entry. At 
high forward speeds, some right lateral and aft lon­
gitudinal trim changes aie required. 'The amount of 
trim change on autorotational entry will decrease 
with airspeed. Rpm decay rate after a: sudden re­
duction of power is high if collective pitch is not 
lowered rapidly; however, rotor rpm bUilds up 
again on reduction of collective pitch; 'Adequate 
tail rotor power is available during aurorotation to . 
accomplish all maneuvering and directional cotitroI 
is positive in sideslip. Flare is effective in reducing 
airspeed and rate-of-descent, if recommended rotor 
speed is maintained in autorotation and there is 
adequate rotor inertia for an effective flaie. Power 
off touchdown is made in a slightly nose high atti­
tude, but the helicopter is capable of low autorota. 
tion touchdown speeds when desired, power on 
approach atid vertical landing is accomplished using 
normal technh!jwe. Run-on landings are easily ac­
complished on properly prepared surfaces with 
final approaches and touchdowns made in a near 

. level attitude. The tricycle landing gear affords 
good control after touchdown. 
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LEVf;L FLIGHT CHARACTERISTICS UNDER· 
VARIOUS SPEED CONDITIONS. 

For hovering or low speed flight, high rotor rpm is 
required because of the high power and control 
necessary. When hovering or flying at low speed 
and increased forward speed is desired, the cyclic ~ 
stick is moved forward. A momentary settling may 
occur with rapid acceleration, and then the heli­
copter will begin to climb because the main rotor 
blades encounter an increased flow of air due to 
the forward movement of the helicopter. As the 
helicopter accelerates to approximately 50 KIAS, 
collective pitch should be steadily decreased to 
maintain a constant altitude. To maintain the same 
altitude above approximately 60 KIAS, an increase 
in collective pitch is necessary until maximum 
speed is reached. At maximum speed, a higher col­
lective pitch setting is required than for hovering 
and power turbine speed should be between 100 
and 103%, depending where it is smoothest. As for­
ward speed is increased, the helicopter will assume 
an increasing nosedown attitude. This is caused by 
the rotor blade flapping hinges that are located at a 
distance from the center of the rotor hub. When 
the main rotor blade tip-path plane is tilted for-
ward to increase forward speed, the centrifugal 
force of the blades will tend to align the plane of ~ 
the rotor hub, and consequently the fuselage, with ~ 
the forward tilted tip-path plane. The automatic 
stabilization equipmept introduces fore-and-aft 
cyclic control corrections to maintain a given fuse­
lage pitch attitude thus providing automatic cruis-
ing speed control. As the helicopter is decelerated 
from cruise condition, power required decreases 
until 50 - 80 knots is attained. Below this airspeed, 
power reqUired increases as 'airsp~ed decreases. 
(Figure 6:1 portrays ,only unacqeletated level flight 
conditions.) During conditi9ns' of light gross 
weights, low altitude$ and terllpel'litures, power re­
quiredwillnoll!\aI1y*e I~ss;thll'n power avaiIa:ble 
allowlti~a margfuf,or rilaneuvtir. At heavy gross 
welglltl!', high ~~itUa~$ &,rid'temperatures, 'the 
powe~reqiiiied!ll'a~ Elxbell4'thepower available; 
there~y;l:lreVerltin~ \ev'et nrght'a:t ~Iower speeds. 
Flgurir.e2lil1i!simitls ~8ridlti@iis' where power re­
quited ;excee(o;\iIlpd1verav~tia,ble resulting in des­
cenditig'flik!lt'l1n~illnciiEiasea 'tbrward'airspeed is 
attained.'WMh t\ie lleJicdiM:I!t ill decelerating, des- ~ 
cendingoi' rowr r~m'has decayed and the condi- ~ 
tion 1sto be reversed, power required will be even 
greater. Even if there issufficien t power available 
to reverse the rate of descent or deceleration, the 
engines may not fully accelerate before the speed 
or rpm has decayed below the point where level 
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Figure 6·1. Forward Ai~peed Unaccelerated 
Level Flight 

flight is possible. When operating in conditions 
where OGE hover is not possible, level flight below 
50 KIAS and less than 103% Nr should be avoided.' 

STALLS. 

Stalls, as applied to a fixed-wing aircraft, will not 
occur in a helicopter. However, the helicopter may 
encounter a stall condition referred to as blade stall 
described in this section. 

BLADE STALL. 

Blade stall, the tendency of the retreating blade to 
stan in forward flight, limits tlie high ~peed poten­
tial of the helicopter, increases stress, and de.creases 
component life. The retreating bbide (the IJlade 
moving away from the directionofflight)hasa 
tendency to stan because the. blade tip is traveling 
at the rotational velocity minus the forw;lrd speed 
of the helicopter. As the velocity of the retreating 
blade decreases, the blade angle of attack must be 
increased to equalize lift to provide stabilized 
flight. As the angle of attack increases),with the 
highest blade angles being at the tip, the blade will 
stan (lose lift and increase drag). The increased 
drag will cause loss of rotor speed unless power is . 
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increased. The advancing blade (the blade moving 
into the direction of flight) on the other hand is 
traveling at a substantially higher speed and has 
relatively uniform low angles of attack and is not 
subject to blade stall. Blad.e stall will first occur at 
the blade tip and is most likely to occur when 
operating at high values of airspeed, gross weight, 
density altitude, and power and especially with low 
rotor rpm. Maneuvers, acceleration, or turbulent 
air, all of which increase g load factors, will induce 
blade stall by reducing the airspeed at which blade 
stall will occur. The blade stall chart as presented 
in figure A-36 portrays the airspeeds at various 
pressure altitudes, temperatures, gross weights, 
rotor speeds, and load factors (angle of bank) as 
limited by blade stall. This blade stall chart estab­
lishes maximum recommended airspeeds to allow 
for turbulence, mild maneuvers, and necessary .. 
control inputs to maintain the desired flight atti­
tude. At these speeds roughness, encountered by 
reasonable maneuvers or mild turbulence, can be 
tolerated. Severe turbulence or abrupt control 
maneuvers at this point will increase .the severity of 
the stall and the helicopter wi1l bec0me more diffi­
cult to control. IN the blade stan condition, each 
main rotor blade will. stan as it passes through the 
stal\ region and create vibrations per revolution 
equal to thenumb.er of blades. If s.tall is allowed to 
ful\y develop (speeds in excess of those shown in 
figure A-36), loss of control will be experienced 
and the helicopter will pitch upward and to the 
left. The use of forward cyclic stick to control this 
pitch up is ineffective and may aggravate the stall 
as it increases the blade angle of attack of the re­
treating blade. 

METHODS OF ELIMINATING ROUGHNESS 
CAUSED BY BLADE STALL. 

If blade stall iscausingroughNess.in the helicopter 
duringhigh.speet!i'iflight,·or when maneuvering at 
10werspeeC!ls,the!roul!hnesS may be elimiNated by 
accompll'hlngione ofiatily,c(!)mbination of the 
folloWing:' . Ii II .. 

1. Decrease d.p~l"ctivepitch. 

2. Pecrease, the severity of the maneuver. 

3. Graduaily decrease airspeed. 

4. IlIlcreRse rotor rpm. 

.'", 
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SETTLING WITH POWER. 

At high altitudes, at high gross weights, or when 
operating with reduced power, it may not be pos· 
sible to maintain level flight due to a lack of power 
that will cause settling to occur. Settling with pow· 
er can occur at any airspeed or altitude combina· 
tion whenever power required exceeds power avail­
able, thus preventing level flight at slower speeds. 
This settling is of minor consequence except at 
certain rates of descent and low forward airspeed 
where it is extremely critical since vortex ring state 
may develop. 

VORTEX RING STATE. 

Sometimes referred to as power settling, this ex· 
tremely critical situation may develop at any alti· 
tude or gross weight when the airspeed is below 
translational lift and rate of descent is high. Under 
certain power and rate of descent combinations, 
the down wash from the rotor begins to recirculate 
up, around, and back down through the effective 
outer portion of the rotor disc. The helicopter 
sinks into the air mass it has just displaced in trying 
to obtain lift and the main rotor blades work con· 
tinually in their own turbulent airstream. The velo­
city of the recirculating air mass may become so 
high that full up collective pitch lever may not pro­
duce sufficient lift to control rate of descent. In­
creasing collective normally has an adverse effect 
since this antagonizes the turbulent airflow. The 
possibility of entering vortex ring state is further 
increased during conditions of low airspeed and 
high rates of descent when compounded with tail­
winds or large or rapid applications of aft cyclic or 
collective. When vortex ring state develops, rough­
ness and partial loss of control may occur, indicated 
by ineffectiveness of controls. To recover from the 
condition, increase forward airspeed, decrease col­
lective pitch, or enter auto rotation if altitude per­
mits. A considerable loss of altitude may occur 
before the condition is recognized and recovery is 
completed. During approach for landing, the con­
ditions causing vortex ring state should be avoided. 

When operating below translational lift, 
avoid rates of descent in excess of 500 
feet per minute for normal operations, 
and 300 feet per minute when operating 
in conditions of high density altitude/ 
high gross weights. 
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DYNAMIC ROLLOVER CHARACTE­

RISTICS. 

WARNING' 

The helicopter may roll over on its side 
if the bank angle (roll angle) reaches 15 
degrees when one landing gear is on the 
ground and the thrust of the rotor sys-
tem is approximately equal to the weight 
of the helicopter. Reduce collective to 
stop the roll and correct the bank angle 
to a wings-level attitude. 

Landings and takeoffs in a skid or side drift can 
cause the helicopter to roll, pivoting about one 
landing gear which is in contact with the ground. If 
the angle of roll (or bank) exceeds 15 degrees with 
the landing gear on the ground, then the helicop­
ter may continue to the rolling movement which 
cannot be stopped with full cyclic, opposite to the 
direction of roll. The degrees of roll angle, beyond 
which recovery is not possible, will become less 
than stated above if any of the following condi-
tions exist: there is a crosswind; the right landing 4 
gear is the pivot point; the helicopter's c.g. is dis-
placed laterally; left pedal input is increased. When 
performing maneuvers with one wheel on the 
ground (e.g., cross-slope landings and takeoffs and 
one wheel landing on uneven ground), maintaining a 4 
trimmed, wings-level attitude will preclude this con-
dition from developing. When the helicopter is in a 
banked attitude with one wheel on the ground, la-
teral cyclic control response becomes sluggish and 
less effective. Collective pitch is more effective 
than lateral cyclic in controlling the rolling. Increas-
ing collective will increase and accelerate the rolling 
movement. When cross-slope landings and takeoffs 
are performed, the "one wheel on-the-ground" 
maneuver is 'mavoidable because the up-slope 
wheel touchdown first and lift off last. If the heli-
copter starts to roll toward the up slope side (5° - jj 

SO bank angle) reduce the collective pitch to cor- ~ 
rect this situation. Return to a wings-level attitude 
before continuing the take-off or landing. Do not 
increase collective pitch suddenly to get airborne 4 
in attempting to recover from the banked condi-
tion. The angle of roll will increase and the roll 
rate will accelerate before the wheel will lift off 
the ground. The angle of roll may increase beyond 
the critical roll angle and the helicopter will roll 4 
over on its side. 



I WARNING \ 

Use smooth, moderate collective move­
ments when recovering from a banked 
attitude with one wheel on the ground. 
Rapid reduction of collective may cause 
fuselage-rotor contact or a high rate of 
roll in the opposite direction when on 
a slope. 

FLIGHT CONTROLS. 

FLIGHT CONTROL SERVOS. 

The primary servos at the rotor assembly and the 
auxiliary servos at the mixing unit are both in oper­
ation at all times. Because of the servo units, the 
control forces are virtually eliminated and are con­
stant throughout their full range. This may cause Ii 
tendency to over·control at first, because there is 

~
. very litt~e fe~l in ~perating t~e. cyclic st!ck .unle~s 

the cyclic stick tflm system IS In operatIOn. If eIther 
servo system should fail or malfunction, it may be 
turned off, provided there is hydraulic pressure in 

I. 

the other system. Both servo systems may be 
turned off by the pilot; however, the switching pre­
vents both servos being turned off ai the. same 
time. If the primary boost, which physically con­
trols the lower swashplate is turned off; movement 
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of the lower controls and swash plate is accomp­
lished through the auxiliary boost which is located 
near the cockpit controls. In this instance, feel of 
the pilot's control remains almost unchanged 
except for small differences due to friction and lost 
motion in the control system. If the auxiliary 
boost is turned off, the pilot physically moves the 
push-pull rods and bellcranks up to the primary 
boost. In this instance, a friction force of several 
pounds is noticeable and stability augmentation 
through the AFCS is lost. In addition, if the aux­
iliary servos are inoperative, the tail rotor control 
forces will be transmitted to the tail rotor pedals 
since the tail rotor does not have a separate servo. 

COORDINATION OF FLIGHTCONTROLS. 

The climb and descent of the helicopter is control­
led primarily by raising or lowering the collective 
pitch lever; however,coordinated movements of 
the tail rotor pedals and cyclic stick are necessary 
to maintain a constant heading. When collective 
pitch is increased to ascend, additional torque is 
developed by the main rotor. This torque can be 
compensated for by use of the tail rotor pedals. 
However, minor changes are accomplished by the 
yaw compensator, which is a mechanical coupling 
within the flight control system that changes tail 
rotor pitch proportionately with a change in the 
main rotor collective pitch. The torque-compen­
sating tail rotor pitch changes are accomplished 
automatically when the automatic flight control 
system is engaged. Sideward flight from hovering is 
accomplished primarily by lateral displacement of 
the cyclic stick; however, it is necessary to use tail 
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rotor control tID prevent the nose from swinging to-I ward the direction of flight. When flying sidewards 
to the right, the cyclic stick i~ displaced to the 
right and the left tail rotor pedal is used, to keep 
the nose of the helicopter in the original direction. 

t 
For sideward flight to the left, the cyclic stick is 
displaced to the left and the right tail rotor pedal 
is used. In hovering with no wind no appreciable , 
movement of the cyclic stick is necessary: however, 
with a wind condition the cyclic stick shoulQ be 

III held into the wind to maintain , the same relative 
• position above the ground. Turns while hovering 

are accomplished primarily by depressing the right 
pedal for a right turn and the left pedal fOr a left 
turn. During forward flight at low speeds, coordi­
nated movement" of the cyclic stick an,d tail rotor 
pedals are necessary to accomplish turns. In high 
speed flights, lesS pedal displacell\ent is ,necessary 
to accomplish turns. 

HELICOPTER VIBRATION. 

t The inherel)t vibrations ip any helicopter are those 
created by the mechanical ,fullctions qf ,the, engines 
and transmission systems, dynamic action of the , 
mainand tail rotors, and aero,Qynamic effects on" 

• tl)e fuselage. The overall vibl"lltion leve,U,s ,i,nfluenc-
• ed by the many individual frequencies of vibration 

and combinations thereof. Many mUltiples of a 
basic frequency are felt, and often two or more 

1
- different sl-IP~rimposed frequenciescrea~e be,ats. 

The overall magnitude is the resultant of the ampli­
, tudes of all the frequencies. It would be difficult .. 
for the pilot to completely separate an the types of 

• 

vibrations encountered. Generally, these are . 
divided into three categories: namely, (1) low (2) 
medium,and (3) high frequenchis. Varying magrii­
tudes of all three'types of vibrations are 'often pre' 
sent in an individual helkopter. Only through ' 
experience will the pilot be able to judge 'Wlla~ is 
normal to the model and what is abnormal ahd 
correctable. 

LOW FREOUENCY VIBRATIONS. 

One Times Main Rotor Speed (One Per t ReVOlution)., ", 

This vibration emanates from the main rotor'sys­
tem and is genetally caused by main rotor head or 
blade imbalances. Thisvibtation produces a rotary 

• excitation of the fuselage which'feels' like ~ lateral 
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oscillatory roll or wallow to the pilot. If this vibra­
tion is present in all regimes of flight, it should be 
noted in Form 781. The most probable causes are: 

1. Main rotor blades out of track. A blade 
track adjustment is not warranted even 
though the blades appear to be slightly out 
of track, if a one per revolution vibration 

, is not present. Out of track condition could 
be caused by: 

a. Damaged main rotor blade trBlling edges. 

b. Main rotor blade static balance beyond 
tolerances. 

2. Worn or loose control rod end bearings. 

If the vibration is present in a hover only, 
the cause could be the same as item 1. as 
well as: 

a. Main rotor blade dynamic balance 
beyondtol1lrances. 

Ground Roll. 

Ground roll is a, one per revolution lateral roll of 
the helicopter which often occurs during rotor en­
gagement, and is due to the in-plane misalignment 
of thell\ain rotor blades,causing an out-of-balanc,e 
condition in the main rotor system. When therQtor 
attains flying speed, centrifugal force normally 
aligns the blades and the vibration disappel\rB. If 
the vibration continues with the rotor up to speed 
at flat pit<;h, but di~a,ppeafs, when the helicopter is 
lifted into a hc,>ver. tl)elj the ,C9,USe could be as, 
follp\V~: '" '" ,',,', ,,' , , 

, ' _:', I . ,-, _ .' , '~""', 

1. "S,tatic i)alance o{'\I)ain rotor blaQes. 

2, ". The lai><llng ~ear, stl'llts:needservjcing. 

2j3Tlmes Maii1RotorS~eild (2y~perRevolution). . , - . '. . . . . (. ~ .:- . \. ; .: . , . . . 

In flight conditions that result in high main rotor 
blade flapping angles, a conditien of negative pitch 
lag coupling can occur in whidh"-tlhe dapabilityof 
rotor system damping is exceeded. This condition, 
called pitch lag tnstabillWt"l$ifel~'8:s'a heavy'iateral 
rotary oscilllttlio1'l',which'6al'1,·.,e'ecMhe 'lfiCi!e~ingly' 
violent if airspeel!li,f$'lilli!md'td1hIMllhlp,l!>r'Nrls , ... 
further decreasetn ; l'ti,!Y 'Ii bl;"l!I39ira'l:111e,t"o'1't!l11airt'in ' " ' 

,.;',:" '1,', ;j1";~frv·~,,'!.,"''>L'i'':'" ". 
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this condition. Immediate corrective action is to 
lower the collective, increase rotor speed, and 
reduce airspeed and/or the severity of the 
maneuver. 

Flight conditions under which pitch lag instability 
may be encountered are as follows: 

1. At forward CG loadings. 

a. High forward speeds. 

b. Right sideward flight or hovering in a 
right crosswind. 

2. At any CG loading. 

a. Exceeding allowable forward speed. 

b. High gross weight. 

c. Low rotor speed. 

d. Steep turns, level or climbing. 

e. Gusty wind conditions. 

f. Abrupt pull up from a dive. 

If 2/3 per revolution vibrations should be experi­
enced during the above conditions, it should be 
noted in Form 781. 

Tail Shake. 

Tail shake, sometimes erroneously referred to as 
two per revolution vibration, is an aerodynamic 
effect of the tail rotor passing through the disturb­
ed air of the main rotor system in certain flight 
regimes. This vibration will be ffllt as a random im­
pulse around the yaw axis. The trailing position of 
the tail rotor relative to the main rotor head, re~ 
suiting from flying the helicopter in a right slip, 
can induce this vibration in the speed range of 60-
80 knots, especially with an aft center of gravity 
loading. 

TAIL ROTOR BUZZ. 

Under certain flight conditions, a medium frequ­
ency tail rotor vibrl\tion may occur. The pilot can 
identify this condition, commonly referred to as 
tail rotor buzz, by a 10)ld buzzing sound and simul­
taneous airframe vibration originating in the tail 

rotor area. Buzz has not been encountered in for-
ward flight. Buzz can occur in hovering flight 4 
regimlls in which the relative wind is from the 
right. Susceptibility to buzz increases with in-
creases in tail rotor blade pitch, relative wind velo-
city, helicopter gross weight, main rotor rpm, 4 
and relative wind direction (increasing from 020 to 
060, diminishing after 100 degrees). 

Critical relative wind directions result from several 
flight regimes. Some examples are listed: 

a. Crosswind hover, wind from right, front 
quarter. 

b. Right sideward flight while headed into the 
wind, the combined velocities producing a 
resultant wind from the right front quarter. 

Recovery from buzz may be achieved by reducing 
the tail rotor blade pitch or changing the relative 
wind direction. Applying 'Timt tail rotor pedal pro­
duces the most rapid reCOYerY, as it simultaneously 4 
reduces tail rotor pitch and brings the relative wind 
direction toward the nose of the helicopter. Lower­
ing the collective pitch decreases the buzz vibration 
and might be employed when external clearance 
precludes turning right and when altitude permits a ~ 
descent and/or landing. ~ 

MEDIUM FREQUENCY VIBRATIONS. 

Five Times Main Rotor Speed (Five Per 
Revolution). 

The five per revolution vibration is caused by the 
dynamic response of the main rotor blades to 
asymmet,ical aerodynamic blade l<;>ading. Its inten­
sitl1. isgreatllst at \ligh forward speeds, at low gross 
weig\l~, apd during transition to a hover at high 
gross weights; It is felt in transition to a hover as a 
steady vertical shake caused by the main rotor ~ 
blades traversing the down wash of preceding , 
blades. This is nOrmal to. the,helioopter when felt 
at the point where the collective pitch is increased 
to sustain the hover, or when hover taxiing the 
helicopter into and out of translational lift. The. ~ 
effect can be reduced in transition to a hover by ,. 
leveling the helicopter jUst prior. to applying collec­
tive pitch, and by planning the approach so that 
final pitch application at a slow rate will be suffi-· 
cient to attain the hover. At high speeds, the differ- .l1li 
ence in the lift distribution between the advancing • 



and retreating main rotor blades results in heavy 
vibratory loads on the rotor head as the spanwise 
center of lift of each blade moves in and out. It is 
felt as a combination of vertical and lateral shake 
at the same frequency. The bifilar absorber assem­
bly is designed to counteract the four per revolu­
tion inplane force (in the plane of rotation of the 
rotor head). The five per revolution vibration levels 
in the cockpit and cabin have been SUbstantially 
reduced in the vertical as well as IateraUevels by 
the reduction of the airframe torsional response 
obtained by reducing the four per revolution in 
plane force. Once properly tuned the bifilar absorb­
er assembly.will remain in a tuned cOlldition over a 
wide range of rotational speeds. The lateral portion 
of the vibration is often reflected in the left tail 
rotor pedal or the copilot's collective pitch stick. 
Lateral vibration will usually decrease as Nr is in­
creased. If five per revolution vibration is excessive 
at high forward speeds, an attempt should be made 
to distinguish between vertical and lateral vibra­
tion. Fly the helicopter to maximum speed to see 
if the visual cues of lateral vibration are noticed. A 
possible cause c6uld be improper torque of the 
main gear box iiedown bdlts. The type of vibration 
felt should be noted in Form 781. If visual cues of 
lateral vibration are noticed, beginning at some rur­
speed above 100 KIAS, and worsen as airspeed in­
creases, the rampmay be at fault. Reduce aU:speed 
below 100 KIAS, lower the aft ramp to the extent 
of the safety cables, and then fly the helicopter to 
maximum speed. If the vibration is noticeably re­
duced, then the cause is the raJ;llp interfering with 
normal fuselage motion. Note the type and cause 
of vibrations in Form 781. If lowering the aft ramp 
in flight does not reduce the vibration sufficiently, 
and the vibration is encountered randomly in 
various flight regimes, the tail rotor may be the 
cause. 

One Times Tail Rotor Speed; 

Vibration (caused at 1243 cycles per minute at 
100% Nr ) is usually due to tail rotor blade pattern 
dissymmetries and is not easily identifiable by the 
pilot because of its proximity to five times main 
rotor frequency. It is evidenced by an increase in 
overall helicopter vibration. Since this frequency is 
close to five per revolution (1015 cycles per min­
ute) the two frequencies sometimes modulate 
(beat) at a frequency of 228 cycles per minute, 

T.O. lH-3(C)E-1 

which is felt as a shudder throughout the heli­
copter and is hard to distinguish· from one per re­
volution (203 cycles per minute). When excessive 
vibration is suspected in all regimes of. flight, it 
should be noted in Form 781. 

HIGH FREQUENCY VIBRATIONS. 

High frequency vibrations may be felt as a tingling 
sensation in the soles of the feet or a tickling in the 
nose. In extreme cases, the instrument pointers will 
appear to be fuzzy. High frequency vibrations will 
normally emanate from the engine, main gear box 
input section, or tail rotor drive system, and are 
often equally apparent in a ground run as in flight. 
The most important cue, by far, to high frequency 
vibration will be the associated sounds. If a crew­
member is available in the cabin area, he can assist 
in locating and defining vibrations as well as vis- . 
ually monitoring the tail rotor tip path plane. 

Tail Rotor Drive Shaft Vibrations. 

Generally, these vibrations are caused by an im­
balanced drive shaft or bad bearings. These vibra­
tions can be identified during ground run by 
feeling the fuselage. 

Main Gear Box Vibrations. 

The main gear box contains many possible· sources 
of high frequency vibrations such as the various 
gear box mounted accessories, the accessory gear 
train,the APU and APU clutch, oil cooler blower, 
and the input bevel gear and freewheeling units ... 
These vibrations are generally heard rather than 
felt in the airframe, Combinations of these high 
frequency vibrations in. exj;reme cases could result 
in the pilot sensing low or medium frequency vib­
rations. These would be detected as vibrations 
which are affected· only by variation in main rotor 
speed, and may be just as apparent in a ground 
run as in flight. There are also numerous gear clash 
sounds that occur under various conditions, the 
acceptability of which can only be determined by 
experience or measurements by instrumentation. 

Engine Vibrations. 

The engine gas generator and power turbine will 
normally beat together at various Ng and Nf com­
binations, or with Nf split off from Nr. To the 
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pilot, the only obvious evidence of excess vibra­
tions will be greatly increased high pitch noise 
levels. If the magnitude appears abnormal, it is well 
to check alignment of the power turbine or high 
speed main gear box input shaft and conditions of 
engine mounts. It is often possible to reduce this 
vibration by rotating the engine main drive shaft in 
relation to the main gear box in pu t shaft in 900 

increments until in a ground run the vibration is 
diminished. If the noise level of one engine seems 
excessive compared to the other engine at the same 
power condition, and if the excessive noise varies, 
with Ng or Nf changes and is perhaps accompanied 
by a tingling vibration in the engine control levers, 
then a had engine bearing or rubbing compressor· 
blades may be indicated. Listen carefully to the 
engine during normal shutdown. Any unusual 
noises during coastdown after the speed control 
has been shut off might require an engine change. 
Note any engine vibrations in Form 781. 

MANEUVERING FLIGHT. 

The high degree of maneuverability makes it pos­
sible to execute many maneuvers such as hovering, 
vertical takeoffs, and vertical landings which per­
mit operations from extremely small areas. 

DIVING. 

Blade stall limitations are especially critical during 
recovery when G load factors are increased. The 
recovery from a dive should be made very shallow 
to prevent the occurrence of blade stall. 

FLIGHT WITH EXTERNAL 
LOADS. 
The helicopter has no unusual characteristics when 
carrying an external load, except in strong or gusty 
winds when the cargo may tend to swing. 
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WARNING 

External loads which have aerodynamic 
characteristics may cause oscillations to 
the extent that the load may osoillate 
into the rotor blades and/or fuselage. 
Oscillations can usually be controlled by 
slowing the forward speed of the heli­
copter or entering a coordinated tum 
so that centrifugal force will aid in ra-­
centering the external sling load. 

TAIL ROTOR EFFECTIVENESS. 

Exceptional circumstances may sometimes lead to 
power-on operation between 98 and 100% Nr. Be­
low 98% Nr, a number of factors may work in 
combination to cause a reduction in yaw control 
authority available to the pilot. Yaw control 
authority (Tail Rotor Thrust Available) is directly 
influenced by main rotor rpm, cyclic, collective 
and rudder pedal inputs, power settings, flight 
path, wind, and density altitude. Generally, the 
most important factor affecting yaw control 
authority will be main rotor rpm. ConSE!quently, 
when at or near maXimum engine power settings, 
at high density altitudes, yaw control authority 
will be lost at some point as main rotor rpm is pro­
gressively decreased below 98% and the aircraft 
will yaw to the right. (The point at which yaw con­
trol authority is lost is variable and dependent 
upon the factors listed previously. Loss of yaw 
control authority is insidious in nature because of 
rudder pedal inputs made by the AFCS.) 

When the engine is operating at or near topping,. 
the application of any control requiring an in­
crease in torque will cause the main.rotor rpm to 
decrease. Control applications that cause this effect 
are increasing collective, left tail rotor pedal and 
rapid aft cyclic.· . 


