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1. HELICOPTER HISTORY 

Note. This section is under construction 

In our game you can carry out performances missions on model UH-1H. 
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2. GENERAL DESIGN AND MISSION OVERVIEW  

2.1.  General Description and mission overview  
The UH-1H is a single engine, single rotor helicopter. Primary mission capability 
of the helicopter is air movement of supplies and personnel. Secondary missions 
include SASO1, air assault, and C22 operations under day, night, visual, and 
instrument conditions.  

In DCS: UH-1H Huey, the helicopter can be operated in the following variants:  

a) Combat transport ï delivery of troops and/or materiel . Up to 11 
combat troops can be transported and deployed. 

b) Air assault ï armed air assault employing a variety of weapon 
systems (see chapter 8). 

The helicopter can be employed either from prepared airfields or Forward Area 
Rearming/Refueling Point (FARP) helipads. 

The crew includes the pilot in the right -hand seat, copilot in the left -hand seat 
and one or two door gunners. 

 

 

  

                                                 
1
 SASO ï stability and support operations ï military activities during peacetime and conflict that do not 

necessarily involve armed clashes between two organized forces. 
2
 C

2
 ï command and control 
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2.2.  Primary specifications UH-1H 

2.2.1.  Specifications table  

A. AIRCRAFT  UNIT  UH-1H 

Ȩ. NORMAL CREW per acft 2 

C. OPERATIONAL CHARACTERISTICS    

(1) Max allowable gross lbs /  kg 9.500 /  4.309 

(2) Basic weight lbs /  kg 5.914 /  2.683 

(3) Useful load lbs /  kg 4.368 /  1.981 

(4) Payload/Normal mission lbs /  kg 2.900 /  1.315 

(5) Fuel capacity internal/external  lbs/gal //  kg/l  1.358/209 // 633/791 

(6) Fuel consumption rate 
lbs/gal/h  // 
kg/l/h  

550/84 // 250/318 

(7) Normal cruise speed kts /  km/h 90ï120 / 160ï220 

(8) Endurance at cruise (Plus 30 min 
reserve) 

hrs+min  2+15 

(9) Grade of fuel  octane JP 4/5 

D. PASSENGER CAPACITY   

(1) Troops seats ea 11 

(2) Total capacity w ith crew ea 13 

(3) Litters and ambulatory  ea 13 

E. EXTERNAL CARGO  6 

(1) Maximum recommended lbs / kg  4.000 /  1.814 

(2) Rescue hoist capacity lbs / kg  300 /  136 

F. DIMENSIONS    

(1) Length ð fuselage ft-in / m  40'7" / 12,38  

(2) Length ð blades unfolded ft-in / m  57'1" / 17,41 

(3) Length ð blades folded ft-in / m  NA 

(4) Width  ð blades folded ft-in / m  8'7" / 2,62 

(5) Width  ð tread ft-in / m  8'7" / 2,62 

(6) Height  ð extreme ft-in / m  14'6" / 4,42 

(7) Diameter ð main rotor  ft-in / m  48'3" / 14,71 

(8) Diameter ð tail rotor  ft-in / m  8'6" / 2,59 

(9) Wing span ft-in / m  NA 

G. CARGO DOOR   

(1) Dimensions ð width x height  ft-in / m  74"x48" / 1,88x1,22 

(2) Location ð side of fuselage side of fus. left & right  

H. CARGO COMPARTMENT   

(1) Floor ð above ground in / m  24 / 0,61  

(2) Usable length in / m  92 / 2,34  

(3) Floor width  in / m  96 / 2,44  

(4) Height (clear of obstructions)  in / m  49 / 1,24  

(5) Maximum cargo space cu ft  /  cu m 220 / 6,24  

I. WEAPONS   M21 
Note. The composite rotor blades provide a 6% improvement in the UH -1H's hovering capability 
and a 5 to 8 percent reduction in fuel flow in forward flight.  



 

DIGITAL COMBAT SIMULATOR UH-1H HUEY 

12 

 
Figure 2.1. UH-1H helicopter  dimensions . 
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2.3.  General Assembly  Diagram  

 

 

1. Radio compartment and fwd battery 
location access door 
2. Wire-Strike Protection System (WSPS) 
upper cutter 
3. VHF/UHF antenna 
4. Transmission fairing 
5. Engine intake fairing 
6. Engine cowling 
7. Tailpipe fairing 
8. Driveshaft covers 
9. 90 degree gearbox 
10. FM communications antenna No.1 
11. Aft position light (NVG) 
12. Tail skid  

13. 42 degree gearbox 
14. Synchronized elevator 
15. Tail boom 
16. Electrical compartment access door 
17. Aft radio compartment access doors 
18. M21 armament sub-system 
19. Position light (NVG) 
20. Sliding cargo door 
21. Position light (Red) 
22. Landing gear 
23. Copilot door 
24. WSPS windshield deflector 

 

Figure 2.2. General assembly of the  UH-1H (top - left - front) .  
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Figure 2.3. General assembly of the UH -1H (top -right -front).  

 

1. VHF navigation (Omni) antenna 
2. Synchronized elevator 
3. Anti-collision light 
4. FM homing antenna No.1 
5. Loop (ADF) antenna 
6. Position light (White) 
7. Position light (Red) 
8. FM communications antenna No.2 
(mission antenna) 

9. VHF/UHF antenna 
10. Pitot tube 
11. Pilot door 
12. M21 Armament subsystem  
13. Position lights (Green upper and 
lower) 
14. Heater compartment access door 
15. Oil cooler fan access door 
16. Stabilizer bar 
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Figure 2.4. General assembly of the UH -1H (below -left -behind).  

 

 

2.4.  Engine and Related Systems  

2.4.1.  Description of the engine   

The power system of the UH-1H consists of a single Textron Lycoming T53-L-
13B turboshaft engine with a maximum output power of 1100  kW/1400 hp. 

1. Radar warning antenna, FWD 
2. FM communications antenna No.2 
(mission antenna) 
3. IR exhaust suppressor 
4. Radar warning antenna, AFT  
5. Radar altimeter antennas (optional) 
 

6. Oil cooler IR shield 
7. DC external plug 
8. Cargo suspension hook 
9. WSPS lower cutter 
10. Position lights (NVG) 
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Figure 2.5. The T53 -L-13B engine.  

 

 

1. Rotation of output gearshaft 
2. Air inlet 
3. Air inlet section 
4. Rotation of compressor rotor 
5. Hot air solenoid valve 
6. Rotation of gas producer turbine rotors 

7. Rotation of power turbine rotors 
8. Accessory drive gearbox 
9. Compressor section 
10. Diffuser section 
11. Combustion section 
12. Exhaust section 
13. Rear exhaust 

Figure 2.6. Internal layout of the T53 -L-13B engine (1 of 2).  
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Figure 2.7. Internal layout of the T53 -L-13B engine (2 of 2).  

Lycoming T53-L-13B specifications:  

Power Rating, shp  1400 

Air consumption,   
 lbs/s  
    
 kg/s 

13 
6 

Compression Ratio  7,2:1 @ 25,600 rpm  

Specific Fuel Consumption,  lbs/shp/h 
    
 kg/shp/h  

0.58 
0,263 

Burner: reverse flow annular, fuel 
nozzles  

22 

Dimensions Engine, inch / mm 
 

 diameter  22.99 / 584 

 length  47.6 / 1209 

Weight lbs / kg 549 / 249 

Rated revolutions power turbine, /min 22.000 

Rated revolutions driveshaft, /min 6600 

Rated Torque Output at full power 
1,200 lb/ft @ 6,640 

rpm 

Peak Torque Output 
1,700 lb/ft @ 1,800 

rpm 

Turbine entry temperature, ÁC 938 

Compressor 
 

 axial  5 stage  

 centrifugal  1 stage 

2.4.2.  Engine Fuel Control System  

A .  E n g i n e  M o u n t e d  C o m p o n e n t s   

The fuel control assembly is mounted on the engine. It consists of a  metering 
section, a computer section and an overspeed governor. 

(1)  The METERING SECTION (#4 in Figure 2.8) is driven at a speed 
proportional to N1 speed. It pumps fuel to the engine  through 



 

DIGITAL COMBAT SIMULATOR UH-1H HUEY 

18 

the main metering valve or if the main system  falls through 
the emergency metering valve which is positioned directly by 
the twist grip throttle.  

 
Figure 2.8. Engine Mounted Components.  

1. Droop Compensator 
2. Governor Actuator 
3. Overspeed Governor 
4. Metering and Computer Section (Fuel Control Unit or 
FCU) 

 

(2)  The COMPUTER SECTION (also #4 in Figure 2.8) determines the 
rate of main fuel delivery by biasing main metering valve 
opening for N1 speed, inlet air temperature and pressure, and 
throttle position. It also controls the operation of the 
compressor air bleed and operation of the variable inlet guide 
vanes.  

(3)  The OVERSPEED GOVERNOR (#3 in Figure 2.8) is driven at a speed 
proportional to N2 speed. It biases the main metering valve 
opening to maintain a constant selected N2 rpm.  
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B .  P o w e r  C o n t r o l s  ( T h r o t t l e s )   

Rotating the pilot or copilot twist grip -type throttle to the full open positio n 
(Figure 2.9) allows the overspeed governor to maintain a constant rpm.  

  
Figure 2.9. FCU. Throttle  full open position . 

 

Figure 2.10 . FCU. Throttle closed position  (idle).  

 

Rotating the throttle toward the closed position (Figure 2.10) will cause the rpm 
to be manually selected instead of automatically selected by the overspeed 
governor. Rotating the throttle to the fully closed position  (Figure 2.11) shuts 
off the fuel  (Now implemented in DCS: UH-1H).  

 
Figure 2.11 . FCU. Throttle  full closed  position . 

An idle stop is incorporated in the throttle to prevent inadvertent throttle 
closure. To bypass the idle detent, press the IDLE REL switch and close the 
throttle  (NOW implemented in DCS: UH-1H).  

C .  G o v e r n o r  s w i t c h   

The GOV switch is located on the ENGINE control panel. AUTO position permits 
the overspeed governor to automatically control the engine rpm with the 
throttle in the full open position. The EMER position permits the pilot or copilot 
to manually control the rpm. Because automatic acceleration, deceleration, and 
overspeed control are not provided with the GOV switch in the EMER position, 
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control movements must be smooth to prevent compressor stall, overspeed, 
over-temperature, or engine failure.   

Note. I f GOV switch is in EMER position and throttle is full opened, main rotor rpm can exceed 
the limit, so pilot should control engine and rotor rpm manually  by rotating the throttle twist 

grip.  

2.4.3.  Engine Oil Supply System   

The system consists of an engine oil tank with deaeration provisions, 
thermostatically controlled oil cooler with bypass valve, pressure transmitter and 
pressure indicator, low pressure warning switch and indicator  (see Caution 
Lights Panel), sight gauges and oil supply return vent and breather lines. 
Pressure for engine lubrication and scavenging of return oil are provided by the 
engine mounted and engine driven oil pump.  

2.4.4.  Governor  RPM Switch   

The pilot and copilot GOV RPM INCR/DECR switches are mounted on a switch 
box attached to the end of the collective pitch control lever (Figure 4.6). The 
switches are a three-position momentary type and are held in INCR (up) 
position to increase the power turbine (N2) speed or DECR (down) position to 
decrease the power turbine (N2) speed. Electrical power for the circuit is 
supplied from the 28 VDC essential bus and is protected by a circuit breaker 
marked GOV CONT.  

2.4.5.  Droop Compensator  

A droop compensator (# 1 in Figure 2.8) maintains engine rpm (N2) as power 
demand is increased by the pilot. The compensator is a direct mechanical 
linkage between the collective stick and the speed selector lever on the N2 
governor. No crew controls are provided or required. The compensator will hold 
N2 rpm to 6600 rpm when properly rigged. Droop is defined as the speed 
change in engine rpm (N2) as power is increased from a no-load condition. It is 
an inherent characteristic designed into the governor system. Without this 
characteristic instability would develop as engine output is increased resulting in 
N1 speed overshooting or hunting the value necessary to satisfy the new power 
condition. 

2.4.6.  Engine Instrument and Indicators  

All engine instruments and indicators are mounted in the instrument panel and 
the pedestal.  

a) Torquemeter Indicator . The torquemeter indicator is located in the 
center area of the instrument panel and is marked TORQUE PRESS.  

b) Exhaust Gas Temperature Indicator. The exhaust gas temperature 
indicator is located in the center area of the instrument panel and is 
marked EXH TEMP.  

c) Dual Tachometer. The dual tachometer is located in the center area 
of the instrument panel and indicates both the engine and main rotor 
rpm.  
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d) Gas Producer Tachometer. The gas producer indicator is located in 
the right center area of the instr ument panel and is marked 
PERCENT.  

e) Oil Temperature Indicator. The engine oil temperature indicator is 
located in the center area of the instrument panel and is marked 
ENGINE OIL.  

f)  Oil Pressure Indicator. The engine oil pressure indicator is located in 
the center area of the instrument panel and is marked OIL .  

g) Oil Pressure Caution Light. The ENGINE OIL PRESS caution light is 
located in the pedestal mounted CAUTION panel. The light is 
connected to a low pressure switch. When pressure drops below 
approximately 25 psi, the switch closes an electrical circuit causing 
the caution light to illuminate. The circuit receives power fro m the 28 
VDC essential bus and is protected by the circuit breaker marked 
CAUTION LIGHTS. 

h) Engine Chip Detector Caution Light. A magnetic plug is installed in 
the engine. When sufficient metal particles accumulate on the 
magnetic plug to complete the circuit , the ENGINE CHIP DET 
segment illuminates. The circuit receives power from the 28 VDC 
essential bus and is protected by the circuit breaker marked 
CAUTION LIGHTS. On helicopters equipped with ODDS, the chip 
detector which is connected to the caution light is part of the 
external oil separator. 

i) Engine Ice Detector. The ice detector system (ENGINE ICE DET 
caution light) is not connected.  

j)  Engine Icing Caution Light. The ENGINE ICING segment of the 
caution panel.  

k) Engine Inlet Air Caution Light. The ENGINE INLET AIR segment of 
the caution panel will illuminate when the inlet air filter becomes 
clogged. Power is supplied from the 28 VDC bus and protection is 
provided by the CAUTION LIGHT circuit breaker. (Not implemented 
in DCS: UH-1H) 

l) Failure of either fuel pump element will close an electrical circuit 
illuminating the caution light. The system receives power from the 
28 VDC essential bus and is protected by a circuit breaker marked 
CAUTION LIGHTS. One type of switch used on some aircraft will 
illuminate the caut ion light until normal operating pressure is 
reached. This momentary lighting does not indicate a pump element 
failure.  

m) Emergency Fuel Control Caution Light. The emergency fuel control 
caution light is located in the pedestal-mounted caution panel. The 
illumination of the worded segment GOV EMER is a reminder to the 
pilot that the GOV switch is in the EMER position. Electrical power for 
the circuit is supplied from the 28 VDC bus and is protected by a 
circuit breaker marked CAUTION LIGHTS.  
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n) Fuel Filter Caution Light. The FUEL FILTER caution light is located in 
the pedestal-mounted caution panel or a press to test light is located 
on the instrument panel. A differential pressure switch is mounted  in 
the fuel line across the filter. When the filter becomes clogged, the 
pressure switch senses this and closes contacts to energize the 
caution light circuit. If clogging continues, the fuel bypass opens to 
allow fuel to flow around the filter. The circuit receives power from 
the 28 VDC essential bus and is protected by a circuit breaker 
marked CAUTION LIGHTS. (Not implemented in DCS: UH-1H) 

2.5.  Power Train System  
The power train is a system of shafts and gearboxes through which the engine 
drives the main rotor, tail rotor, and accessories, such as the DC generator and 
the hydraulic pump. The system consists of (Figure 2.12) a main driveshaft, a 
main transmission, which includes input and output drives , and the main rotor 
mast, and a series of driveshafts with two gearboxes through which the tail 
rotor is driven.  

A .  T r a n s m i s s i o n   

The main transmission is mounted forward of the engine and coupled to the 
power turbine shaft at the cool end of the engine by the main driveshaft. The 
transmission is basically a reduction gearbox, used to transmit engine power at 
a reduced rpm to the rotor system. A freewheeling unit is incorporated in the 
transmission to provide a quick-disconnect from the engine if a power failure 
occurs. This permits the main rotor and tail rotor to rotate in order to 
accomplish a safe auto-rotational landing. The tail rotor drive is on the lower aft 
section of the transmission. Power is transmitted to the tail rotor through a 
series of driveshaft and gearboxes. The rotor tachometer generator, hydraulic 
pump, and main DC generator are mounted on and driven  by the transmission. 
A self-contained pressure oil system is incorporated in the transmission. The oil 
is cooled by an oil cooler and turbine fan. The engine and transmission oil 
coolers use the same fan. The oil system has a thermal bypass capability. An oil 
level sight glass, filler cap, and magnetic chip detector are provided. A 
transmission oil filter is mounted in a pocket in the upper right aft corner of 
sump case, with inlet and outlet ports through internal passages. The filter 
incorporates a bypass valve for continued oil flow if screens become clogged. 
The transmission external oil filter is located in the cargo -sling compartment on 
the right side wall, and is connected into the external oil line. On helicopters 
equipped with ODDS1, a full flow de bris monitor with integral chip detector 
replaces the integral oil filter.  A bypass valve is incorporated, set to open at a 
set differential pressure to assure oil flow if filter element should become 
clogged. 

Normal revolution (min -1): main rotor (mast) : 324, tail rotor : 1782. 

 

                                                 
1
 ODDS ï  Oil Debris Detection System ï ODDS improves oil filtration and reduces nuisance chip 

indications caused by normal wear particles on detector gaps. When a chip gap is bridged by conductive 

particles, a power module provides an electrical pulse which burns away normal wear particles.  
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Figure 2.12 . Power Train Diagram  

1. Engine 
2. Main Driveshaft (6600 RPM) 
3. Transmission  
4. Mast (324 RPM) 
 

5. Tail Rotor Driveshafts 
6. Intermediate Gearbox (42Á) 
7. Tail Rotor Gearbox (90Á, 1782 RPM) 



 

DIGITAL COMBAT SIMULATOR UH-1H HUEY 

24 

B .  G e a r b o x e s  

INTERMEDIATE GEARBOX 42 DEGREE. The 42 degree gearbox is located at the base 
of the vertical fin.  It provides 42 degree change of direction of the tail rotor  
driveshaft. The gearbox has a self-contained wet sump oil system. An oil level 
sight glass, filler cap, vent and magnetic chip detector are provided.  

TAIL ROTOR GEARBOX 90 DEGREE. The 90 degree gearbox is located at the top of 
the vertical fin. It  provides a 90 degree change of direction and gear reduction 
of the tail rotor driveshaft. The gearbox has a  self-contained wet sump oil 
system. An oil level sight glass, vented filler cap and magnetic chip detector are 
provided. 

C .  D r i v e s h a f t s  

MAIN DRIVESHAFT. The main driveshaft connects the engine output shaft to the 
transmission input drive quill. 

TAIL ROTOR DRIVESHAFT. The tail rotor driveshaft consists of six driveshaft and 
four hanger bearing assemblies. The assemblies and the 42 degree and 90 
degree gearboxes connect the transmission tail rotor drive quill to the tail rotor . 
To Figure 2.12. Power Train Diagram  

D .  I n d i c a t o r s  a n d  C a u t i o n  L i g h t s  

a) Transmission Oil Pressure Indicator. The TRANS OIL pressure 
indicator is located in the center  area of the instrument panel. It 
displays the transmission oil pressure in psi. Electrical power for the  
circuit is supplied from the 28 VAC bus and is protected by the XMSN 
circuit breaker in the  AC circuit breaker panel. 

b) Transmission Oil Pressure Low Caution Light. The XMSN OIL PRESS 
segment in the CAUTION panel will illuminate when the transmission 
oil pressure drops below about 30 psi. The circuit receives power 
from the essential bus. Circuit protection is supplied by the CAUTION 
LIGHTS circuit breaker. 

c) Transmission Oil Temperature Indicator. The transmission oil 
temperature indicator is located in the  center area of the instrument 
panel. The indicator displays the temperature of the transmission oil  
in degrees Celsius. The electrical circuit receives power from the 
essential bus and is protected by the TEMP IND ENG XMSN circuit 
breaker in the DC breaker panel. This is a wet bulb system 
dependent on fluid for valid  indication. 

d) Transmission Oil Hot Caution Light. The XMSN OIL HOT segment in 
the CAUTION panel will illuminate when the transmission oil 
temperature is above 110ÁC (230ÁF). The circuit receives power 
from the essential bus and is protected by the CAUTION LIGHTS 
circuit breaker. This is a wet bulb system dependent on fluid  for valid 
indication. 

e) Transmission and Gearbox Chip Detector: 
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(1)  Chip Detector Caution Light. Magnetic inserts are installed in 
the drain plugs of the tran smission sump, 42 degree gearbox 
and the 90 degree gearbox. On helicopters equipped with 
ODDS, the transmission chip gap is integral to a full -flow 
debris monitor. When sufficient metal particles collect on the 
plugs to close the electrical circuit, the CHIP DETECTOR 
segment in the CAUTION panel will illuminate. A self-closing, 
spring-loaded valve in the chip detectors permits the magnetic 
probes to be removed without the loss of oil . The circuit is 
powered by the essential bus and protected by the CAUTION 
LIGHTS circuit breaker. 

(2)  Chip Detector Switch. A CHIP DET switch is installed on a 
pedestal mounted panel. The switch is labeled BOTH, XMSN, 
and TAIL ROTOR and is spring-loaded to the BOTH position. 
When the CHIP DETECTOR segment in the CAUTION panel 
lights up, position the switch to XMSN, then TAIL ROTOR to 
determine the trouble area. CHIP DET caution light will remain 
on when a contaminated component is selected. The light will 
go out if the non-contaminated component is selected. 

2.6.  Cockpit  layout  

 
Figure 2.13 . UH-1H cockpit  layout.  

1. Overhead Console 
2. Standby Compass 
3. Instrument Panel  
4. Cyclic Control System 

5. Tail Rotor Control System 
6. Collective Control System 
7. Pedestal Panel 
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Figure 3.2. Helicopter Controls  

  

  

 

3. HELICOPTER AERODYNAMICS 

3.1.1.  The Forces That Act On a Helicopter  

Weight (G) and drag (Q) act on a helicopter as they do on any aircraft; 
however, lift (T y) and thrust (T x) for a helicopter are obtained from the main 
rotor (T rotor). In a very basic sense, the helicopter's main rotor does w hat wings 
and a propeller do for a fixed -wing aircraft. Moreover, by tilting the main rotor, 
the pilot can make the helicopter fly to either side, forward, or backwards.  

 
Figure 3.1. Forces Acting on a Helicopter  

 

3.1.2.  Controls  

The sketch in Figure 3.2 shows the main 
rotor, cyclic and collectives, anti-torque 
pedals, and anti-torque rotor. Basically, the 
cyclic control is a mechanical linkage used 
to change the pitch of the main rotor 
blades. Pitch change is accomplished at a 
specific point in the plane of rotation to tilt 
the main rotor dis c. Most current military 
helicopters now have hydraulic assistance 
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in addition to the mechanical linkages. The collective changes the pitch of all 
the main rotor blades equally and simultaneously. The anti -torque pedals are 
used to adjust the pitch in the anti -torque rotor blades to compensate for main 
rotor torque.  

3.1.3.  Velocity  

A helicopter's main rotor blades must move through  the air at a relatively high 
speed in order to produce enough lift to raise the helicopter and keep it in the 
air. When the main rotor reaches required takeoff speed and generates a great 
deal of torque, the anti -torque rotor can negate fuselage rotation.  

The helicopter can fly forward, backward, and sideways according to pilot 
control inputs. It can also remain stationary in the air (hover) with the main 
rotor blades developing enough lift to hover the helicopter.  

3.1.4.  Torque  

The torque problem is related to a helicopter's single-main-rotor design. The 
reason for this is that the helicopter's main rotor turns in one direction while the 
fuselage wants to turn in the opposite direction. This effect is based on 
Newton's third law that states "To every action there  is an opposite and equal 
reaction." The torque problem on single -rotor helicopters is counteracted and 
controlled by an anti -torque (tail) rotor.  

On coaxial helicopters, the main rotors turn in opposite directions and thereby 
eliminate the torque effect.  

3.1.5.  Anti - torque Rotor  

Figure 3.3 shows the direction of travel of 
the main rotor, the direction of torque of the 
fuselage, and the location of the anti -torque 
(tail) rotor.  

An anti-torque rotor located on the end of a 
tail boom provides torque compensation for 
single-main-rotor helicopters. The tail rotor, 
driven by the engine at a constant speed, 
produces thrust in a horizontal plane 
opposite to the torque reaction developed 
by the main rotor.  

 

 

 

Figure 3.3. T ail rotor  and thrust  

  

Figure 3.3.  Tail Rotor Thrust 
to Compensate for Torque  
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3.1.6.  Gyroscopic  Precession  

The result of applying force against a rotating body occurs at 90Á in the 
direction of rotation from where the force is applied. This effect is called 
gyroscopic precession and it is illustrated in Figure 3.4. For example: if a 
downward force is applied at the 9 o'clock position in the diagram, then the 
result appears at the 6 o'clock position as shown. This will result in the 12 
o'clock position tilting up an equal amount in the opposite direction.  

Figure 3.5 illustrates the offset control 
linkage needed to tilt the main rotor 
disc in the direction the pilot inputs with 
the cyclic. If such a linkage were not 
used, the pilot would have to move the 
cyclic 90Á to the right of the desired 
direction. The offset control linkage is 
attached to a lever extending 90Á in the 

direction of rotation from the main rotor blade.  

 
Figure 3.5.  Offset Control Linkage  

3.1.7.  Dissymmetry of Lift  

The area within the circle made by the rotating blade tips of a helicopter is 
known as the disc area or rotor disc. When hovering in still air, lift generated by 
the rotor blades is equal within all parts of the dis c. Dissymmetry of lift is the 
difference in lift that exists between the advancing half of the disc and the 
retreating half; this is created by horizontal flight and/or wind.  

When a helicopter is hovering in still air, t he tip speed of the advancing blade is 
approximately 600 feet per second (~ 183 m/s) and the tip speed of the 
retreating blade is the same. Dissymmetry of lift is created by the movement of 
the helicopter in forward flight.  The advancing blade has the combination of 
blade speed velocity and that of the helicopter 's forward airspeed. The 
retreating blade however loses speed in proportion to the forward speed of the 
helicopter. 

Figure 3.6 illustrates dissymmetry of lift and shows the arithmetic involved in 
calculating the differences between the velocities of the advancing and 
retreating blades. In the figure, the helicopter is moving forward at a speed of 
50 m/s, the velocity of the rotor d isc is equal to approximately 180 m/s, and the 

Figure 3.4. Gyroscopic Precession  
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advancing blade speed is 230 m/s. The speed of the retreating blade is 130 
m/s. This speed is obtained by subtracting the speed of the helicopter (50 m/s) 
from the tip speed of 180 m/ s. As can be seen from the difference between the 
advancing and retreating blade velocities, a large speed and lift variation exists. 

 

Cyclic pitch control, a design feature that permits changes in the angle of attack 
during each revolution of the rotor, compensates for the dissymmetry of lift. As 
the forward speed of the helicopter is increased, the pi lot must apply more and 
more cyclic to hold a given rotor disc attitude. The mechanical addition of more 
pitch to the retreating blade and less to the advancing blade is continued 
throughout the helicopter's range.  

3.1.8.  Retreating Blade Stall  

Figure 3.7 illustrates the tendency of a helicopter's retreating blades to stall in 
forward flight. This is a major factor in  limiting a helicopter' s maximum forward 
airspeed. Just as the stall of a fixed wing aircraft wing limits the low -airspeed 
flight envelope, the stall of a rotor blade limits the high -speed potential of a 
helicopter. The airspeed of a retreating blade slows down as forward airspeed is 
increased. The retreating blade must produce an amount of lift equal to that of 
the advancing blade, as shown in Figure 3.8. As the airspeed of the retreating 
blade is decreased with forward airspeed, the blade angle of attack must be 
increased to equalize lift throughout the rotor disc are a. As this angle of attack 
is increased, the blade will eventually stall at some high, forward airspeed as 
shown in Figure 3.9.  

Figure 3.6. Dissymmetry of Lift. (ROTATIONAL VELOCITY) Ñ (HEL 
FORWARD SPEED) = (AIRSPEED OF BLAD E). 
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Upon entry into a retreating blade stall, the first noticeable effect is vibration of 
the helicopter. This vibration is followed by the helicopter's nose lifting with a 
rolling tendency. If the cyclic is held forward and  the collective is not reduced, 
the stall will become aggravated and the vibration will increase greatly. Soon 
thereafter, the helicopter may become uncontrollable.  

3.1.9.  Settling With Power (Vortex Ring State)  

Settling with power  is a condition of powered fligh t when the helicopter settles 
into its own main rotor downwash; this is also known as Vortex Ring State.  

Conditions conducive to settling with power include a vertical, or nearly vertical, 
descent of at least 300 feet per minute with low forward airspeed.  The rotor 
system must also be using some of the available engine power (from 20 to 
100%) with insufficient power available to retard the sink rate. These conditions 
occur during approaches with a tailwind or during formation approaches when 
some aircraft are flying in the downwash of other aircraft.  

Under the conditions described above, the helicopter may descend at a high 
rate that exceeds the normal downward induced flow rate of the inner blade 

Figure 3.9. Lift Pattern at Critical Airspeed  
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Figure 3.8. Normal Cruise Lift Pattern  
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sections. As a result, the airflow of the inner blade secti ons is upward relative to 
the disk. This produces a secondary vortex ring in addition to the normal tip 
vortex. The secondary vortex ring is generated at about the point on the blade 
where airflow changes from up to down. The result is an unsteady turbulen t 
flow over a large area of the disk that causes loss of rotor efficiency, even 
though power is still applied.  

This graphic shows induced flow along the blade span during normal hovering 
flight:  

 

The downward velocity is highest at the blade tip where blade airspeed is 
highest. As blade airspeed decreases towards the center of the disk, downward 
velocity is less. Figure 3.11 shows the induced airflow velocity pattern along the 
blade span during a descent conducive to settling with power:  

 

The descent is so rapid that induced flow at the inner portion of the blades is 
upward rather than downward.  The upward flow caused by the descent can 
overcome the downward flow produced by blade rotation.  If the helicopter 
descends under these conditions, with insufficient power to slow or stop the 
descent, it will enter a vortex ring state:  

 

During a vortex ring state, roughness and loss of control is experienced because 
of the turbulent rotational flow on the blades and the unsteady shifting of the 
flow along the blade span. 

Power settling is an unstable condition, and if allowed to continue, the sink rate 
will reach sufficient proportions for the flow to be entirely up through the rotors. 
This can result in very high descent rates. Recovery may be initiated during the 

Figure 3.12 . Vortex Ring State  

Figure 3.11 .  Induced Flow Velocity During Vortex Ring State  

Figure 3.10 . Induced Flow Velocity During Hovering Flight  
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early stages of power settling by putting on a large amount of excess power. 
This excess power may be sufficient to overcome the upward flow near the 
center of the rotor disc. If the sink rate reaches a higher rate, power will not be 
available to break this upward flow and thus alter the vo rtex ring state of flow.  

Normal tendency is for pilots to recover from a descent by application of 
collective pitch and power. If insufficient power is available for recovery, this 
action may aggravate power settling and result in more turbulence and a hi gher 
rate of descent. Recovery can be accomplished by lowering collective pitch and 
increasing forward speed (pushing the cyclic forward). Both of these methods of 
recovery require sufficient altitude to be successful. 

3.1.10.  Hovering  

A helicopter hovers when it maintains a constant position over a point on the 
ground, usually a few feet above the ground. To hover, a helicopter 's main 
rotor must supply lift equal to the total weight of the helicopter, including crew, 
fuel, and if applicable, passengers, cargo, and armaments. The necessary lift is 
generated by rotating the blades at high velocity and increasing the blade angle 
of attack.  

When hovering, the rotor system requires a large volume of air upon which to 
work. This air must be pulled from the surrounding ai r mass; this is an 
expensive maneuver that takes a great deal of engine horsepower. The air 
delivered through the rotating blades is pulled from above at a relatively high 
velocity, forcing the rotor system to work in a descending column of air.  

The main rotor vortex and the recirculation of turbulent air add resistance to 
the helicopter while hovering. Such an undesirable air supply requires higher 
blade angles of attack and an expenditure of more engine power and fuel. 
Additionally, the main rotor is ofte n operating in air filled with abrasive materials 
that cause heavy wear on helicopter parts while hovering in the ground effect.  

3.1.11.  Ground  Effect  

 

Ground effect is a condition of improved performance found when hovering 
near the ground. The best height is approximately one -half the main rotor 
diameter. Figure 3.13 shows "out of ground effect " and 3.14 shows "in ground 
effect". 

The improved lift and airfoil efficiency while operating in ground effect is due to 
the following effects:  

Figure 3.13 . Airflow When Out of Ground 
Effect  
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First, and most importantly, the main rotor -tip vortex is reduced. When 
operating in the ground effect, the downward and outward airflow reduces  the 
vortex. A vortex is an air flow rotating around an axis or center.  

 

This makes the outward portion of the main rotor blade more efficient. 
Reducing the vortex also reduces the turbulence caused by recirculation of the 
vortex.  

Second, the airflow angle is reduced as it leaves the airfoil. When the airfoil 
angle is reduced, the resultant lift is rotated slightly forward; this makes the 
angle more vertical. Reduction of induced drag permits lower angles of attack 
for the same amount of lift and it reduces the power required to rotate the 
blades. 

3.1.12.  Translational Lift  

The efficiency of the hovering rotor system is improved by each knot of 
incoming wind gained by forward motion of the helicopter or by a surface 
headwind. As the helicopter moves forward, fresh air enters in an amount 
sufficient to  relieve the hovering air-supply problem and improve performance. 
At approximately 40 km/h, the rotor system receives enough free, undisturbed 
air to eliminate the air supply problem. At this time, lift noticeably improves. 
This distinct change is referred to as translational lift. At the instant of 
translational lift, and as the hovering air supply pattern is broken, dissymmetry 
of lift is created. As airspeed increases, translational lift continues to improve up 
to the speed that is used for best climb.  

 

In forward flight, air passing through the rear portion of the rotor disc has a 
higher downwash velocity than the air passing through the forward portion. 
This is known as transverse flow effect and is illustrated in figure 3.15. This 
effect, in combination with gyroscopic precession, causes the rotor to tilt 

Figure 3.15 . Translational lift  

 

Figure 3.14 .  Airflow When In Ground Effect  

Increased pressure zone 

Reduced rotor tip vortex 
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sideward and results in vibration that is most noticeable on entry into effective 
translation. 

3.1.13.  Autorotation  

If engine power fails, or other emergencies occur, autorotation is a means of 
safely landing a helicopter. The transmission in a helicopter is designed to allow 
the main rotor to turn freely in its original directio n when the engine stops. 
Figure 3.16 illustrates how the helicopter is allowed to glide to earth and by 
using the main rotor rpm, make a soft landing.  

 

The rotor blade autorotative driving region is the portion of the blade between 
25 to 70 percent radius, as shown in Figure 3.17, blade element B. Because this 
region operates at a comparatively high angle of attack, the result is a slight but 
important forward inclination of aerodynamic forces. This inclination supplies 
thrust slightly ahead of the rotating axis and tends to speed up this portion of 

the blade during autorotation.  

The blade area outboard of the 70 
percent circle is known as the 
propeller or driven region. Analysis 
of blade element A: the 
aerodynamic force inclines slightly 
behind the rotating axis. This 
inclination causes a small drag force 
that tends to slow the ti p portion of 
the blade. Rotor rpm stabilizes, or 
achieves equilibrium, when 
autorotative force and 
antiautorotative force are equal.  

The blade area inboard of the 25% circle is known as the stall region because it 
operates above its maximum angle of attack. This region contributes 
considerable drag that tends to slow the blade.  

Figure 3.16 .  Approach to Landing, Power Off  

3. COLLECTIVE PITCH CONTROL ï 
Adjust to maintain required 
autorotational RPM 
4. FLARE ï Execute flare as 
necessary to reduce forward speed 

and land in a near level attitude. 1. COLLECTIVE PITCH CONTROL ï Reduce 
as required to establish autorotational RPM 
2. AUTOROTATIVE GLIDE ï Establish at an 
IAS to 120-140 km/h (65-77 knots) for normal 
rate of descent. Greater IAS up to 170 km/h 

(95 knots) will extend the gliding distance. 

Figure 3.17 .  The Rotor Blade Autorotative Regions  

Driven region 

Driving region 

Stall region 
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All helicopters carry an operator's manual that has an airspeed versus altitude 
chart similar to the one shown in Figure 3.19. The shaded areas on this chart 
must be avoided. This area is referred to as the "dead man' s curve" and "avoid 
curve". The proper maneuvers for a safe landing during engine failure cannot 
be accomplished in these areas. 

 

3.1.14.  Summary  

Weight, lift, thrust, and drag are the four forces acting on a helicopter. The 
cyclic for directional control, the collective pitch for alti tude control, and the 
anti-torque pedals to compensate for main rotor torque are the three main 
controls used in a helicopter. 

Torque is an inherent problem with single -main-rotor helicopters. Gyroscopic 
precession occurs at approximately 90Á in the direction of rotation from the 
point where the force is applied. Dissymmetry of lift is the difference in lift that 
exists between the advancing and retreating halves of the rotor disc.  

Settling with power can occur when the main rotor system is using from 20 to  
100 percent of the available engine power, and the horizontal velocity is under 
10 knots. At a hover, the rotor system requires a great volume of air upon 

Figure 3.19 .  Height -Velocity Diagram  

Speed [km/h] 

Height [m] 

NOTE 
Avoid continuous operation in indicated 
areas. however, if the aircraft is operated in 
the indicated areas, emergency procedures 
relating to engine failures ï low altitude, 

low airspeed should be observed. 

Figure 3.18 .  Autorotation Blade Forces  
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which to generate lift. This air must be pulled from the surrounding air mass. 
This is a costly maneuver that takes a great amount of engine power.  

Ground effect provides improved performance when hovering near the ground 
at a height of no more than approximately one -half the main rotor diameter. 
Translational lift is achieved at approximately 18 knots, and the rotor system 
receives enough free, undisturbed air to improve performance. At the instant 
translational lift is in effect and the hovering air -supply pattern is broken, 
dissymmetry of lift is created. Autorotation is a means of safely landing a 
helicopter after engine failure or other emergencies. A helicopter transmission is 
designed to allow the main rotor to turn freely in its original direction if the 
engine fails. 

 

 

 

 



 

FLIGHT CONTROL SYSTEM 4 
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4. FLIGHT CONTROL SYSTEM  

The flight control system is a hydraulically-assisted positive mechanical type, 
actuated by conventional helicopter controls. Complete controls are provided for 
both pilot and copilot.  The system includes a cyclic system, collective control 
system, tail rotor system, force trim system, synchronized elevator, and a 
stabilizer bar. 

4.1.  Cyclic Control System  
The system is operated by movement of the cyclic control stick (Figure 4.1). 

 

1. Force trim switch 
2. Radio ICS switch 
3. Armament fire control 
switch 
4. Cargo release switch 
5. Hoist switch  

Figure 4.1. Cyclic Control stick.  

Moving the stick in any direction will produce a corresponding movement of the 
helicopter which is a result of a change in the plane of  rotation of the main 
rotor.  The pilot cyclic contains the force trim switch , radio ICS switch, 
armament fire control switch , cargo release switch and the hoist switch. Desired 
operating friction can be induced into the control stick by hand tightening the  
friction adjuster.  

A. SYNCHRONIZED ELEVATOR. The synchronized elevator is located on the tail 
boom. It is connected by control tubes and mechanical linkage to the fore -and-
aft cyclic system. Fore-and-aft movement of the cyclic control stick will produce 
a change in the synchronized elevator attitude. This improves controllability 
within the center of gravity ( cg) range (Figure 4.2..Figure 4.4).  

 

Cyclic  
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Figure 4.2. Position of the synchronized elevator when  cyclic is fully forward ( angle +5.40 degrees 
regarding the construction line of helicopter).  

 
Figure 4.3. Position of the synchronized elevator when  cyclic is neutral (angle -4.7 0 degrees ) . 

 
Figure 4.4. Position of the synchronized elevator when  cyclic is fully back ( angle +1.28  degrees ).  

Position of the synchronized elevator with respect to the longitudinal axis of the 
fuselage: 

Cyclic Position  Angle  

mm rad degree 

-163,8 (fully back)  0,0224 1,28 

-152,5 0,0174 1,00 

-127,0 0,0 0,00 

-101,6 -
0,0192 

-1,10 

-76,2 -
0,0384 

-2,20 

-50,8 -
0,0541 

-3,10 

-25,4 -0,069 -3,95 

0,0 -
0,0820 

-4,70 

25,4 -
0,0850 

-4,87 

50,8 -
0,0803 

-4,60 

76,2 -
0,0628 

-3,60 

101,6 -0,03 -1,72 

127,0 0,0035 0,20 

152,5 0,0593 3,40 

163,8 (fully 
forward) 

0,0942 5,40 

 

B. STABILIZER BAR. The stabilizer bar is mounted on the main rotor hub trunnion 
assembly in a parallel plane, above and at 90 degrees to the main rotor blades 
(Figure 4.5).  
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Figure 4.5. Stabilizer bar.  

The gyroscopic and inertial effect of the stabilizer bar will produce a damping 
force in the rotor rotating control system and thus the rotor.  When an angular 
displacement of the helicopter/mast occurs, the bar tends to remain in its trim 
plane. The rate at which the bar rotational plane tends to return to a posi tion 
perpendicular to the mast is controlled by the hydraulic dampers. By adjusting 
the dampers, positive dynamic stability can be achieved, and still allow the pilot 
complete responsive control of the helicopter.  

4.2.  Collective Control System  
The collective pitch control lever controls vertical flight ( Figure 4.6).  

 

1. Searchlight switch 
2. Governor RPM switch 
3. Throttle friction adjuster 
4. Throttle 
5. Landing light ON/OFF switch 
6. Landing light extend/retract 
switch 
7. Engine idle stop release 
pushbutton switch  

Figure 4.6. Collective Control stick.  

The amount of lever movement de termines the angle of attack and lift 
developed by the main rotor, and results in ascent or descent of the helicopter : 
When the lever is in the full down position, the main rotor is at minimum pitch. 
When the lever is in the full up position, the main rotor is at maximum pitch. 
Desired operating friction can be induced into the control lever by hand -
tightening the friction adjuster . A grip-type th rottle and a switch box assembly 
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are located on the upper end of the c ollective pitch control lever. The pilot 
switch box contains the starter switch, governor rpm switch, engine idle stop 
release switch, and landing light/searchlight switches. A collective lever down 
lock is located on the floor below the collective lever. The copilot collective lever 
contains only the grip-type throttle, governor rpm switch, and starter switch 
when installed. The collective pitch control system has built-in breakaway 
(fri ction) force to move the stick up from the neutral (center of travel) position 
of eight to ten pounds with hydraulic boost ON.  

4.3.  Tail Rotor Control System  
The tail rotor control system is operated by pilot/copilot anti -torque pedals. 
Pushing a pedal will change the pitch of the tail rotor blades , resulting in 
directional control. Pedal adjusters are provided to adjust the pedal distance for 
individual comfort. A force trim system is connected to the directional controls. 

 
Figure 4.7. Anti -torque pedals . 

4.4.  Force Trim System   
Force centering devices are incorporated in the cyclic controls and directional 
pedal controls. These devices are installed between the cyclic stick and the 
hydraulic servo cylinders, and between the anti -torque pedals and the hydraulic 
servo cylinder. The devices furnish a force gradient or "feelò to the cyclic control 
stick and anti-torque pedals. A FORCE TRIM ON/OFF switch is installed on the 
miscellaneous control panel to turn the s ystem on or off.   
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Figure 4.8. FORCE TRIM ON/OFF switch . 

These forces can be reduced to zero by pressing and holding the force trim 
push-button switch on the cyclic stick grip (Figure 4.9) or moving the force trim 
switch to OFF. 

 
Figure 4.9. Force trim push -button switch on the cyclic stick grip . 


































































































































































































































































