L
View metadata, citation and similar papers at core.ac.uk brought to you by:: CORE

provided by NASA Technical Reports Server

RM E51F19

} RS RN \ i

j Smmrtanantel
NACA r'gM ES51F19

RESEARCH MEMORANDUM

PRELIMINARY INVESTIGATION OF THE CONTROL OF A
GAS-TURBINE ENGINE FOR A HELICOPTER
By Richard P. Krebs

Lewis Flight Propulsion Laboratory
Cleveland, Ohio

CLASSIFICATION CANCELLED FOR REFERENCE
huthoriiy H A4 R T 26 T 4 Date_ !ﬂ%t—ﬁ—{@{— -

MOT T@ 3E 1AXKEN YROM THIS ROOM

e e e A o i e o

By }n)y"ﬁ- ![}J.«{__ ';’s-__-.___See R
- _‘:.' } CLASIFIEDDOGTKENI‘
information Aﬂncun;mmuml.l Da.nm !th. 'Uhihdsw.e-wiuxmth - : )
mrmmmmmmmma Its or the In any
ized persan is pre by law.
Morma.ﬂansodmmnd mmwmmmmmmmmmuotmum

States, oppropﬂmcmmnolacnmdomph:eel of the Federal who bave &
Lherein and o United States cltizens of known loyslty and discretion who of neceasity must be Informed thereof.

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

WASHINGTON e e
September 11, 1951~ ¥ meme = cbe 17

CONFIDENTIAL

St e . ronteht

UNCLASSIFIED


https://core.ac.uk/display/42799476?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

2222

WHE’HMNWWIHHHI ﬂfﬁlﬁlﬂl UNCLASSIFIED

NACA RM ES1F19 : 3 _117f_>‘__014

NATTONAT, ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

FRELIMINARY INVESTIGATION OF THE CONTROL OF A GAS-TURBINE
ENGINE FOR A HELTCOPTER

By Richard P. Krebs

SUMMARY

: A preliminary Investigation of the powsr plant comtrol problem for
the hellcopter was made. The results obtained from an analog indlcated
that current turbine-propeller, engine controls are suitable for the
helicopter. Rotor thrust or propeller torque could be increased fracm
one-half to rated value in less than 4 seconds. Control operation was
patisfactory up to an altitude of 15,000 feet. :

INTRODUCTION

Success in recent milltary operations has demonstrated the ubility
of the helilcopter and stimulated lnterest In new designs for the heli-
copter. Among these deslgns are several for a hellcopter with higher
gross welght than those hellcopbers now £lylng and powered by a gas-
turbine engine. The gas turbine drives either & 1lifting rotor or a
palr of forwerd-drliving propallers. When the propellers are commected
to the engine, the rotor 1s in autorotation,

Use of a single gas-turbine engine to power a hellcopter introduces
certain control problems because the rotor and propellers have greatly
different characteristics. The gquestion arises as to whether the same
type of control is sultsble for a power plant, the dynamics of which
change wilth a change In power absorber as well as with a changs in
altitude.

Accordingly, the NACA Lewls laboratory has made an Introductory
study of the powsr plant control problem for the hellcopter. The
dynamlics of a controlled gas-turbine engine with appropriate rotor and
propellers were studied with an electronic amalog. The dynsmic response
of the engine and control, which maintained engine speed by regulating
the fuel flow, was-determined for four different maneuvers. Bach of
these mansuvers involved power lncrease from one-half to full-rated
power., In one of these maneuvers, the Jump take-off, the rotor was
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connected to the engine and the flight altitude was sea level., In the
other three maneuvers, power was absorbed by the propellers at sea
level, by the rotor at an altitude of 15,000 feet, and by the
propellers at 15,000 feet. A secaond tn;e of control in which' the spesd
wes regulated by the variation of the blade angle wag investigated. for
the Jump teke-off mansuver,

FROCEDURE

The. anglog investigation was based on engine and propeller
characteristica obtalned from manufacturers' data., The englne was
agsumed to be similar to & T40. Because the manufacturer recommends
that this engine be run at rated speed whenever possible, only consgtant
gpeed controls were consldered., -The rotor characteristics were scaled
from data avallable on a typlcal helicopter rotor. Performance datas
on the engine, rotor, and propellers in the form of partial derivatives
among ‘the performance varlables evaluated at the rated power operating
point were inserted in the electronic anslog computer. The dynamic
performence of the hellcopter power plant was expressed as the response
of several of the performence varlables to a step change in the power-
getting lever.

RESULTS AND DISCUSSION

In the system for which the dynamlc response was flrst determined,
the englne speed was kept constant by controlling the fuel flow and the
power was determined by the blade angle actuated through the collective
pitch control. This system which 1is representative of current turbine-
propeller engine control is shown schematically in figure 1, The engine
speed N 1is compared to the desired set speed Ng, and the difference,
or speed error, serves as the input for the control. The nature of the
control is such that, except for an assumed lag in the fuel system
which has been included as part of the control, the change in fuel flow
is proportional to the sum of the speed error and. 1ts time integrsl.

The inclusion of the time integral feature in thé control assures the
absence of any steady-state error In engine speed. A lsg was also
included bebtween the collective plich comtrol and the rotor blades,

The response of rotor thrust F, exhaust gas temperature T,
engine speed” N, rotor blade angle B, and engine fuel flow VWr are
gshown for a Jump take-off in figure 2 The time bage for all traces is
20 seconds., For this sea-level maneuver the collective pitch confrol
wes ralsed instantansously from a position corresponding to 50 percent
power to a position corresponding to full power. Pertinent data for
the interpretation of figure 2 are as follaws- -
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AlBIbude. o« v v v e i bt e e e e s e e e s e x e e s e e o« o Sc8 level
PoOWer abSOYDEer .+ +. « ¢ « o« s o o a s o s s o s s s o « o o o « & rotor
Engine-rotor time constent. . . « « « .« .+ . ¢ . ¢ . .« . . 1.5 seconds
Fuel system 188 « + « o « o « a 2 o « « s o o« o s o o o o » 0.2 second
Blade system 1a8. « « o « o « o 2 o o 2 a o« « o « s o« o o « 1.0 second
Control integral time constant. . . « « ¢« + ¢« ¢« « ¢« + « « . 2.0 seconds
TIOOP BBIM o « o o .¢ s. 2 o o o o s o o o o o o s o o o o o o « o o 210.2

The loop galn is defined as the change in speed for & unit change in
speed error when the control loop is open. ’ :

The rotor thrust follows the change in blade angle almost
perfectly. Because of the lag in the blade actuasting mechanism, the
rotor blades execute 63 percent of their excursion in 1 second and
complete 98 percent of thelr excursion in 4 seconds. Likewise, the
rotor thrust mekes 98 percent of its change in 4 seconds.

Neither the exhsust gas temperature nor the fuel flow overshoot
their final value. The success of the system and the ability of the
rotor thrust to follow the change in blade angle arises from the very
nearly constant rotational speed of the power plant. The dip in speed
amounts to less than 1 percent of its rated value.

The response of the helicopter power plant at sea level when
driving the propellers is shown in figure 3. Agein the power change is
from one-half to full rated power. The time gbscissa for all itraces is
20 seconds. Thrust data for the propellers were not available, and so
propeller torque QP was substituted for the top trace. Pertinent data
for flgure 3 are:

Altitude. o o ¢ ¢ 4 ¢ 6 4 e 4 4 e e 4 o s s 4 s s e s s s « . Bea level
Power absorber. « « o « o ¢« ¢ ¢ ¢ o + ¢ s 4« s « 2« s« ¢« o« « « ©Propellers
Engine-propeller time comstant. . « « « ¢ ¢« ¢« ¢« ¢ ¢ ¢ « & « 0.67 second
Fuel system 188 + « ¢ « « » « o 5 5 o s o s o« « a s o« ¢« s« s« 0.2 second
Blade system 18- « « ¢ « ¢ ¢ ¢ ¢« ¢ ¢ « o ¢ ¢ « s s s &« » « 1.0 sBecond
Control integral time comstant. . « + ¢« ¢« ¢ ¢« ¢« ¢« ¢ ¢« o« « « 2.0 Beconds
LoOop 82IR ¢ v ¢ o v ¢ o o o o o o 2 s s o 2 s s s 8 e s «+ = « « o . G4

The responses shown in figure 3 are almost identical to those shown in
figure 2. The propeller torque follows the change in blade angle and
very nearly attains its final value in 4 seconds. Because the loop
geln remained practically unchenged, it is possible to compare the
results of figures 2 and 3 and observe that & two-to-one change in power
plant time constant has 1little effect on the responses. The engine
speed. deviated about 0.5 percent from its rated value.

The performance for the rotor drive and propelier drive at an alti-

tude of 15,000 feet is shown in figures 4 and 5, respectively. At alti-
tude the power plant time constant is increased by a factor of 1.68 and
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the loop galn is increased by a factor af. 1.78 over the respective
values at sea level. These changes in system parameters have little
spparent effect on the dynamic perfqrmance of the system.

The results illustrated in flgures 2 to 5 in which the control
constants were not changed indicate that a control system similar to
the one illustrated in figure 1.is satisfactory for controlling a gas-
turbine engine when driving either a lifting rotor or a pailr of forward-
driving propellers at altitudes up to 15, 000 feet.

Should it be possible to increase the speed of response of-the
blade actuating mechanism, faster thrust response can be obtalned. The
results illustrated 1n figure 6 were obtained for a system similar to
the one for which results are showh in figure Z2 except that the blade
system lag has been reduced to 0.5 second. The rotor thrust reaches
98 percent of its final value in 2 seconds, but the speed change has
increased to almost 1.9 percent of itas rated value. Any further attempie
to incresse the speed of response of the thrust would probably initiate
temperature overshoots.

An investigation was also made of the performance of the helicopter
power plant in which constant speed was maintained by regulating the
blade angle and power was set by the fuel flow throttle. Such a control
is similar to the one recommended by the engine manufacturer for turbine-
propeller service. The control system 1s shown schematically 1in figure 7.
A speed error is determined as in the first control by taking the differ-
ence between the engine speed and s set speed. The nature of the control
is such that, except for the assumed lag in the blade actuating mechanism
which has been included as part of the control, the change 1n blade angle
is proportional to the sum of the speed error aend its time integral. The
fuel system lag has been included between the throttle and the engipe.

Dynamic response of the gas-turbine engine driving a 1lifting rotor

at sea level and being regulated by a blade-angle - speed control la shown

in figure 8. Pertinent data for the power plant and control are:

Altitude o« ¢« ¢« @ ¢« @ v 4 6 e « o e 6 s e s e e e s s s o « « Bea level
Power 8bsSorDer v « « « o s o ¢ o « 4+ o o« o 2 o s s s o s s « » « rotor
Engine-rotor time constant e e s s ¢ s o ¢« s s o e & s s ¢ 1.5 seconds
Blade BYStEmM 18E « « « « o« « o o s o« o o s 5 s o o ¢ o s o o« 1.0 second
Fuel system lag .« . « « « . e 4 s s s s+ o s a2 e s s s s o+ 0.2 gecond
Control integral time constant « 4 e e e s s & e e s s » B.0 seconds
Toop 88IMe ¢ 4 ¢ ¢ ¢ s o ¢ o o 4 o & o 4 s s sce a0 s e e s+ o 2D.2

For an increase in power from 50 percent to rated, the thrust reaches
its rated value in 1 second, overshoots by 21 percent of its rated
value, returns and remeins  constant after about 8 seconds, The
gpeed also exceeds lts rated value by 5 percent. Although the thrust
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overshoot may not be objectionable, the speed overshoot will endanger
the engine. It 1s considered that & speed overshoot accompanying a
Lower increase would be more detrimental to the engine than a speed
overshoot accompanying a power decrease. The loop gein and control
integral time constant were chosen to give what appeared to be the
most satisfactory speed and thrust response. Any further increase in
the gain of the control aimed at reducing the speed overshoot would
render the thrust even more osecillatory and would introduce overshoots
in the temperature response.

In the blade-angle - speed control system there are two lags of
about equal magnitude in the control loop: . a lag of 1.5 seconds for
the power plant 1tself, and a lag of 1.0 second for the blade actuating
mechanism. The presence of the two nearly equal lags in the system
illustrated by figures 7 and 8 makes this system more oscillatory with
a loop galn of 5.2 than the system illustrated in figures 1 and 2 with
8 loop gain of 10,2, The decreased loop gain results in an increased
speed error.

A further disadvantege of the blade-angle - speed control system for
helicopter service is a mechanical one. When the engine is switched
from rotor drive to propeller drive, it would be necessary to open the
control loop. Special provision would have to be made during the change-
over period to prevent the engine from making any radical change in
speed. o R . . .

SUMMARY OF RESULTS

A preliminary investigaetion of the control problem of a gas-turbine
powered helicopter indilcated that currently proposed turbine-
propeller engine controls are applliceble for eilther 1ifting rotor drive
or propeller drive. Power could be increased from one-half rated to
full power in less .than 4 seconds. Satisfactory operation wes indicated
for altitudes up to 15,000 feet. The results were obtained from an
electronic analog computer.

Lewis Flight Propulsion Laborstory,
National Advisory Committee for Aeronautics,
Cleveland, Ohio.
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Figure 1. - Schematic dizgram of fuel-flow - speed control system.
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power setting. Fuel-flow - speed control. FPower sbsorber, rotor;
altitude, sea level; blade system lag, 1.0 second. ’
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Figure 3. - Controlled engine response for a step increase in powexr
setting., TFuel-flow - speed control. Tower Bbsorber, ;pro;pellerﬁ 3
altitude, sea level; blsade system lag, 1.0 secand.
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Figure 4. - Controlled engline response for a step increase in power
setting. Fuel-flow - speed control. Power sbsorber, rotor; altitude,
15,000 feet; blade system lag, 1.0 second. :
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Figure 5. ~ Controlled engine response for & step increase in power
setting. Fuel-flow - speed control. Fower absorbeér, propellers;
altitude, 15,000 feet; blade system lag, 1.0 second.
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Pigure 6. - Controlled engine response for a step increase in
power setting. Puel-flow - speed control. Power absorber, rotor;

altitude, sea level) blade system lasg, 0.5 second.
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Figure 7. - Schemgtic dlagrem of blade-angle - speed control systeam.
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Controlled engine response for & step incresse in power .
Blade-angle - speed control. FPower ebsorber, rotor;
sea level; blade system lag, 1.0 second. :






