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SUMMARY 

Flight tests were  conducted to evaluate  the performance and 
feasibility of a fluidic yaw damper  system that was fabricated 
by Honeywell,   Inc.     A standard UH-1C helicopter was  used as  a 
test vehicle. 

Tests encompassed 8.5 flight hours and 2.9 hours  of ground 
and hangar tests.     Operation of  the system was normal at all 
timas,   and a significant increase  in yaw damping was measured. 
None of  the  tests  revealed any factors  that might limit  the 
application of fluidic systems  in a helicopter environment. 
The performance and  reliability of the  "feasibility" package 
were much better than expected and helped to create a favor- 
able impression of  the concept.    Pilot  acceptance of the 
system was good,   considering that  only  simple rate damping 
was provided without  the benefit  of pilot  loops,  quickening, 
and other sophisticated features  of current electronic 
Stability and Control Augmentation Systems  (SCAS).     If fluidic 
stabilization systems were to be  incorporated into a produc- 
tion helicopter,   these additional features would have to be 
present to obtain pilot ratings equivalent to those generated 
by electronic SCAS. 
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INTRODUCT: ON 

Under the terms of Contract DAAJ02-67-C-0057,  the Bell 
Helicopter Company conducted flight tests to evaluate  the 
feasibility of a fluidic yaw damper system.    The fluidic 
yaw damper system was designed and constructed by Honeywell, 
Inc., under  the  terms  of Contract DAAJ02-67-C-0056.     The  tests 
were conducted on a UH-lC. 

The objectives  of  the evaluation of the feasibility hardware 
damper package were: 

1. To determine the magnitude of   the  installation 
and  conversion procedure. 

2. To  obtain quantitative  measures  of  the  system's 
performance. 

3. To obtain qualitative  evaluations  of  the  system 
by at  least  three pilots. 

k.    To recommend any necessary changes to the  system 
to enhance  its  serviceability and performance. 

The  objectives  of   the  evaluation were met  during  15  flights 
which totaled  8.5  flight hours.     The  tests were  conducted 
during  the  months   of  January and  February 1968 at  the   Bell 
Helicopter Company,  Flight  Research Center,  Fort Worth, 
Texas. 
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DISCUSSION 

DESCRIPTION OF THE TEST HARDWARE 

The test helicopter was a standard UH-1C, 6U-1'4L02, and was 
modified .only in those areas required to accept the fluidic 
damper installation and the instrumentation.  A detailed 
description of the test helicopter will not be presented 
here.  Precise definition of the configuration is provided 
by Reference 3. 

The fluidic yaw damper system that was tested provided a 
pressure signal output proportional to 3'iw rate. The required 
system performance was defined by USAAVLABS Technical Report 
66-87, "Fluid State Hydraulic Damper," dated February 1967. 
Gain and response requirements for the damper system were 
taken from this report and are summarized in Figure 1. 

The fluidic portion of the yaw damper is shown in Figure 2. 
This damper consists of a vortex rate sensor, two fluid 
amplifier stages, two capacitors (bellows),  and an electrical 
trim valve. Transducers for measuring the performance of the 
various fluidic components are also integrated into this 
package. 

The system, as packaged for installation in the test heli- 
copter, is shown in Figure 3. The package included a self- 
contained low-pressure hydraulic power supply for the fluidic 
damper system. This hydraulic unit controlled system flow 
and temperature. A temperature-controlled bypass valve and a 
heat exchanger maintained fluid temperature at approximately 
110oF,  Flow was controlled by four valves connected in 
parallel with the fluidic control. 

Details of the series servo actuator are provided in USAAVLABS 
Technical Report 66-87.  This servo actuator, operating with 
a ISOO-psi supply, provided a displacement proportional to the 
low-pressure hydraulic signals delivered by the fluidic con- 
trol.  This servo actuator was designed to prevent transfer of 
fluids between the low-pressure hydraulic system and the high- 
pressure aircraft system.  The servo actuator authority in the 
directional control system was ±12.5 percent of the total 
control travel. 

INSTALLATION AND CHECKOUT 

The fluidic yaw damper system was received at the Bell 
Helicopter Company on 17 January 1968.  Installation of 
system began immediately. 

the 



Si 
& 

:2   Ö 

o 

(U 
m 
C 
o 
a 
M 

c 

CO 

e 
•p 
CO 
>. 

CO 

u 

B 

& 

01 
u 

«DNIW 

S 
-r 
S 

-r 
o 

—i r- 

S S 

($33X930) 319NV 3SVMd 

Ä 

ML^k. 



§U CJ os D 
o2 D Q 
U M M 
(b 00 Z 
b* U < 

tJ 00 

k 





Since the fluidic yaw damper package included a self-contained 
hydraulic system, the installation in the helicopter was 
relatively simple.  After the attachment of the unit to the 
helicopter cabin floor at a convenient position, electrical 
power, control circuitry, and hydraulic lines to the yaw 
damper servo actuator were installed.  See Figure k.    The yaw 
damper servo actuator was located in the directional control 
system in the position shown in Figure 5 as item number eight. 

Few problems were encountered with the installation of the 
system in the helicopter. The most significant problem was a 
slight interference between the servo actuator and the air- 
frame at the junction of one of the 1/4-inch diameter hydrau- 
lic signal lines and the servo actuator. The final solution 
was to use a special fitting and a short section of 1/8-inch 
signal line in this area. 

After installation of the system, air was removed from the 
low-pressure hydraulic system by bleeding the fittings at the 
actuator and at the aircraft bulkhead (see Figure k).    The 
low-pressure hydraulic reservoir was maintained at 10 to 15 
psig during this bleeding procedure.  Since this is a closed 
hydraulic system, special care was used to remove all 
entrained air. This was accomplished by removing a sample of 
oil and by subjecting it to a partial vacuum to remove both 
entrained and dissolved air. The sample was injected back 
into the system, and the hydraulic pump was operated for 5 to 
10 minutes to mix the fluids thoroughly. This procedure was 
repeated three times. Further attention to the low-pressure 
hydraulic system, such as bleeding or the addition of hydrau- 
lic oil, was not required after the start of the flight 
testing. 

The trim valve, designed to provide signals which null the 
system output, was used as an electrical-to-fluid interface 
for instrumentation calibration.  This valve was wired to 
a switch located on the pilot's control panel as illustrated 
in Figure 6.  Hardover signals were introduced into the 
system during each preflight instrumentation calibration. 

Nulling valves shown in Figure 2 were used in place of the 
trim valve to obtain a minimum null offset at the original 
gain setting.  These valves are limited in authority to about 
±10 percent of actuator stroke.  System null offset did change 
when the system gain was changed.  However, no attempts were 
made to renull the system for each gain setting, since the 
engage transients were not objectionable. 

Gain was increased by increasing flow to the fluidic system. 
Toggle valves, shown in Figure 3, byppss flow through small 
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L. Interconnect Rod 
2. Force Gradient Assembly 
3. Control Tube 
'♦. Idler Arm 
5. Control Tube 
6. Boot 
7. Bellcrank 
8. SAS Servo Actuator 
9. Power Cylinder 

10. Bellcrank 
11. Control Tube 
12. Magnetic Brake 

Figure 5.  Directional Control System. 
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lines which are in parallel with the system.  Honeywell pre- 
shipment test data were used to estimate the gains shown in 
the following table. 

SYSTEM GAIN SETTINGS  AND VALVE CONFIGURATIONS 

Gain Setting 
Approximate Gain 
deg rotor/deg/sec Valve  Setting 

I 0.15 #1 & #U closed 
#2 & #3 open 

II 0.30 All  closed 

III 0.25 #1 & #2  open 
#3 & #4  closed 

The amount of checkout that could be considered was limited by 
the fact that there was no method for introducing rates into 
the damper system while it was installed in the aircraft. 
Plumbing connections between the actuator and the control were 
checked to determine if this polarity was correct.  The con- 
trol system hydraulic power was turned on, and the actuator 
was powered with a hydraulic ground cart. Actuator noise and 
engage transients were observed and judged to be satisfactory. 

Two items were checked before, and monitored during, each 
flight.  A reservoir pressure gage indirectly indicated the 
quantity of fluid in the system.  A temperature gage mounted 
on the pump indicated when the system had reached its design 
operating temperature.  Temperatures in excess of 120oF would 
indicate that the supply of ice in the heat exchanger had been 
depleted. 

TEST CENTER OF GRAVITY AND GROSS WEIGHT 

The test helicopter was weighed after the installation work 
was completed.  The helicopter was ballasted to provide a 
lift off gross weight of 8kk7   pounds and a e.g. at Station 
126.  This weight and forward e.g. location were selected to 
facilitate comparison of the test results with the data pre- 
sented in Reference 2. 
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HANGAR AND TIEDOJN TESTING 

After the  completion of  the   installation of  the  fluidic  damper 
system and  the  flight  test   instrumentation,   the  system was 
operated  in  the  hangar with the helicopter rotor static  and 
also during  a  tiedown  run. 

The  hangar testing  consisted  of  1   hour  22  minutes  of   system 
operation.     During this  time,   hydraulic  and electrical   power 
were  provided  for the  helicopter by ground  power units.     All 
of  the helicopter controls were  cycled periodically,   and 
oscillograph  records were taken to  provide  a record   of   system 
operation.     Full  throw  "hardovers" were  introduced   into  the 
system by means   of the  console  switches.     The system was 
cycled  on a^d  off  by  removing  and  applying  both electrical 
and high-pressure hydraulic  power.     Additionally,   the  heli- 
copter was  yawed  slightly by  shaking  the  ship manually with 
the tail skid. 

The system operation was  completely  stable  throughout   the 
hangar test.     No change  in system noise level or in  system 
operation was  recorded.    The self-contained low-pressure 
hydraulic system in the fluidic package maintained a sta- 
bilized fluid  temperature of  1130F for 1  hour of  the  1-hour 
22-minute  test.     At  the end  of   the  test,   the  system temper- 
ature was  120oF. 

A ground tiedown  test  followed  the  completion of  the  hangar 
tests and the  review of  the  records.     The helicopter  and the 
fluidic damper system were  operated for 1  hour 29 minutes. 
Oscillograph  records were taken at   intervals  to  record  system 
steady-state  performance and  the  response  of  the  system to 
various test   conditions.    The test  conditions that were 
checked  included  rudder pedal  reversals,   hardovers,   rotor  rpm, 
engine  power  sweeps,   and engagements  and disengagements   of   the 
fluidic system by all methods. 

As with the  hangar tests,  no adverse  system characteristics 
were noted,   and  operation was  as  expected. 

FLIGHT TEST   PROCEDURES 

Flight  evaluation of  the damper system began on 5 February, 
and initial  tests  to  check system and   instrumentation opera- 
tion were  performed. 

The  same basic   tests were used  for  each flight  throughout   the 
program.     The   items  listed  on the  flight  test  card consisted 
of  step  inputs   into the directional  control  system while  the 
helicopter was  stabilized in hovering flight and at  level 
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flight  speeds  of  60,   90,   and  110 knots   IAS.     Other  tests, 
defined  in Reference  1,  were performed  to complete  the data 
requirements. 

The   initial flights   established  that   "Gain  Setting   I"  (see 
table  on  Page 10),   that   is,   the  system response  per unit  of 
yaw  rate  that was  provided,  was   so low that   the   test  pilot 
had difficulty  in evaluating  the  system operation  in hover- 
ing  flight.     In forward  flight with Gain  Setting  I,   the  system 
operation was definite,   but  higher system response was desir- 
able.     Accordingly,   it  was  decided to  take  advantage  of  the 
variable  gain provisions   in the  package   to establish a more 
optimum gain setting. 

Gain Setting  II   (see  table   on  page 10)  provided   approximately 
twice  the   response  per unit  of  yaw rate  that  had  been pro- 
grammed by Gain Setting   I.     This  proved  to be  too high  in  both 
hovering  and forward  flight.     In hovering  flight,   due  to  the 
absence  of  a pilot  control  loop to differentiate  between 
external disturbances   and  pilot   inputs,   the  yaw damper system 
subtracted  control  from the  pilot  inputs   to  a degree  that was 
excessive.     This  characteristic made  control  of  yaw rate 
difficult  and  recovery from hovering  turns  frequently re- 
quired full  opposite  control.     In forward  flight,   the high 
system response  caused  objectionably high yaw angular accel- 
erations during  conditions   of  moderate  atmospheric  turbulence. 

Gain Setting  III   (see   table  on  page 10) was  selected as  a 
compromise  that  could be  easily achieved with the   existing 
hardware.     Operation of  the  system was definite  enough that 
the  test  pilots had no difficulty in detecting  a change  in 
airframe  response under all flight conditions.    The  subtrac- 
tion of  pilot  coiitrol  during  hovering  flight was  objection- 
able  but was   judged  to  be  an adequate  characteristic for 
evaluation of  the  conceptual test hardware. 

HOVERING FLIGHT 

Figures  7  through 10  in Appendix I show the  results  of  control 
response tests conducted on the basic airframe and  repeated 
with the fluidic system at  various  gain  settings.     The degree 
of   increased damping  provided by the fluidic system is  indi- 
cated by the differences  in the  time  required to achieve peak 
yaw rates.    The simple   "hardware concept" system did not pro- 
vide a pilot loop and was not  optimized for hovering flight. 
Even   \t the compromise  setting  of  "Gain III",   the test pilots 
generally felt that  the  system's  subtracting from the pilot 
control was  objectionable.     See Appendix II,   pages   34,  37f 
and 39. 
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Figure   15   is  a  time  history  of  the  transient   response  during 
engagement   of  the  damper system during  hovering  flight.     All 
transients  due  to null position  errors were   insignificant 
during  this   program,  and no null   shifts were  encountered. 

FORWARD  FLIGHT 

Figures   7  through  10 also  present   control  response  data  in 
forward   flight.     The additional   damping  provided  by  the 
fluidic  system is  again apparent  from the differences   in time 
required  to  achieve  peak yaw  rates  and  the differences   in 
response  per unit   of  control   input. 

Figures   13  and  Ik show the  differences   in yaw damping  and 
yawing natural response frequency.     The effects   of   the  fluidic 
system are  apparent. 

MANEUVERING  FLIGHT 

The operation of   the system during  pedal-fixed  rolling maneu- 
vers was   recorded.     The  UH-1C,   however,  has  generally  good 
flight  characteristics during  this  type  of maneuver without 
the benefit   of  yaw stabilization.     For this   reason,   the 
differences   in flight  characteristics with the damper  on were 
within flight test measurement  accuracy and did  not  contribute 
significantly to this evaluation. 

LEVEL FLIGHT  DIRECTIONAL DAMPING   (TURBULENT  AIR) 

Figures   11  and 12  are  time  histories   of  level  flight   in tur- 
bulent  air  at  indicated airspeeds   of   110 knots  with  the 
fluidic  system on and off.     The  reduction in yaw rate  excur- 
sions   is   indicative  of  additional  stabilization  provided by 
the  system. 

AUTOROTATIONAL ENTRIES 

During  autorotational entries   (see Figure  17)  the  fluidic 
system reacted   in the proper direction to oppose the  yaw rate 
resulting  from the  rapid reduction  in main rotor torque.     The 
system reduced,   to a degree,   the  amount  of  pedal control  re- 
quired  to maintain heading during  the maneuver. The  reaction 
of  the  system was  typical  of  the  characteristics defined by 
the control  response tests. 

QUALITATIVE   EVALUATION 

The pilot  reports  generated during this  program by  four 
different  pilots  are included  in Appendix II of  this  report. 
Their  comments  are brief  because  the  system performed  in the 
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manner intended.    There were no  in-flight  failures  such as 
hardovers  or equipment  malfunctions.    The absence  of  a pilot 
control loop precludes a direct  comparison with  present-day 
elect] ohydraulic damper systems.     The  test  hardware  did not 
demonstrate  any  inherent  characteristics  that might   limit  the 
application of fluidic  stabilization systems   in the helicopter 
environment. 

VIBRATION 

Sufficient vibration data were analyzed (see Figure 18) to 
establish that the vibration environment was typical of UH-1C 
helicopters.  During the test program, the fluidic system 
showed no response to these vibration levels. 

Ik 
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CONCLUSIONS 

As a result of the test program described in this report, the 
following conclusions have been reached: 

1. Installation of the pa-^age, a feasibility version 
representative of fluidic technology, was relatively 
simple due to the minimum interfaces between tne 
package and the aircraft systems.  Evaluation of the 
compatibility of a fluidic stabilization system and 
helicopter hydraulic systems was beyond the scope of 
this program. 

2. The package provided by Honeywell, Inc., functioned 
in general according to the performance requirements 
which had been previously defined by USAAVLABS 
Report 66-87 and by the direct contact between 
Honeywell, Inc., and BHC. 

3. System noise level (i.e., random motion) was well 
within tolerable levels and was not discernible in 
flight. 

k.    The system, as packaged, required a heat exchanger 
to control fluid temperature within the desired 
tolerances. While temperature control in this manner 
is a minimal problem for test hardware, an integrated 
system would have to be capable of providing good 
performance at any fluidic temperature that would be 
encountered under normal operating conditions. 

5. The ground adjustable gain provisions in the test 
hardware facilitated the conduct of the evaluation 
by allowing "compromise'* gain settings. 

6. The system maintained good null balance throughout 
the flight program without readjustment.  Engagement 
and disengagement transients were well within accept- 
able limits. 

7. The absence of a pilot loop caused the damper 
system to decrease the helicopter yaw response follow- 
ing small-amplitude step displacement of the direc- 
tional pedals. 

8. A significant increase in yaw damping was provided by 
the system. 

9. The system was effective in improving lateral- 
directional damping and in reducing pilot workload in 
forward flight under conditions of moderate turbulence. 
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10. The maneuvering  flight  characteristics   (i.e.  adverse 
yaw during  rolling maneuvers)  of  the  basic helicopter 
were  not measurably  changed  by  the  fluidic yaw damper. 
The basic  UH-1C  adverse yaw   characteristics are  good; 
therefore,   little   improvement   could  be  expected. 

11. The  system responded  properly during  autorotational 
entries   to assist  the  pilot with yaw  control  of  the 
helicopter heading within  the  limits   of  the authority 
of the  damper servo. 

12. No malfunctions  were  experienced during  the  8.5-hour 
flight  program. 

13. Pilot  acceptance   of   the system was  good,   based  on the 
consideration that   it was  a  simple  r-^te  damper without 
pilot   loops,   quickening,  and  other sophisticated 
features  of   current  electronic   SCAS  systems.     If  a 
fluidic  system were  to be   incorporated   into a produc- 
tion helicopter design,  the  additional  features would 
have to  be  present  to  obtain pilot  ratings  equivalent 
to those  provided  by current  electronic  SCAS. 

1^.    The vibration environment of  the fluidic system during 
the tests was  typical  of UH-1C helicopters.    No 
detectable system response  to the vibration environ- 
ment was encountered. 

15, None of  the test  results revealed any factors that 
might  limit  the application of fluidic  systems  in a 
helicopter environment.    The performance and reli- 
ability of  the  "feasibility" package were much better 
than expected and  helped to  create a favorable  overall 
impression of the  concept. 

16. Use of  the electrical  trim valve for  instrumentation 
calibration demonstrated the capability of  this  system 
to interface with an electronic  outer  loop control. 

I hi 
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APPENDIX I 
PLOTTED TEST DATA AND RESULTS 

Figure 7.  Directional Control Response with 
Fluidic Damper Off. 
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Figure 8.  Directional Control Response With 
Fluidic Damper On. 
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FLT NO.  221 C 

CONFIGURATION: 
--,—I—He 
..!_. L :£>   FLUIDIC  VAW  DAMPER ON 

AT GAIN SETTING:   II 
ESGW 8UU7   LB 
ESCC L26.U   IN. 
ROTOR SPEED     32k RPM  (M/R) 

^ l50  Ra I )30 ;l 120. j.ao i O.; jlO :!20 jiao'Hw.ijso-i;.; 

pij|i;!iii!,'Tr|i:.'|      PEDAL DISPLACEMEOT   -      IpXifewp 
lipJii'^fl ^ raoM TRIM    :.;■ i,:;!::: 'Ml 

rrr 

Figure  9. Directional Control Response 
With Fluidic  Damper On. 
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FLT  NO.   222-A & 223-A 
CONFIGURATION: 
FLU1DIC  YAW DAMPER ON 
AT  GAIN  SETTING:     III 

._;_.]   ESGW Skk7 LB 
ESCG  126.4  IN. 
ROTOR  SPEED 321*  RPM (M/R) 

Ttpk 

^MICFH 50" . ^0 I ^0 :|'20; MIO  j . 0   UIO 1120  | i30  ' IW ! .50-: :-' 

'■':;;.rl.-;. ' ! i, :]":";li ■       PEDAL DISPLACEMENT   -        [""fyi'i '■ U PEDAL DISPLACEMENT   - 
% FROM TRIM :x: 

iTlILri' .i 'i..:;l,^:'!':'ll..,l,Jl:J.;d:'r !•!;•■ I;-1',; -mr iM- -^f ^ 
ix 

Figure  10. Directional Control Response With 
Fluidic Damper On. 

21 



Figure   11.    Time History  of  110 Knots  Level 
Flight With Fluidic Damper On. 
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Figure  12.     Time History of  110 Knots Level 
Flight With Fluidic  Damper Off. 
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Figure  13.     Directional  Damping 
Gain Setting  I. 
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Figure Ik,     Directional Damping 
Gain Setting III. 
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Figure 15. Time History of Hover From 2.0 Seconds 
Before Engagement of Fluidic Yaw Damper, 

26 



Figure 16, Time History of Level Flight at  60 Knots 
IAS From 2.0 Seconds  Before Disengagement 
of Fluidic Yaw Damper. 
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Figure 17.  Time History of Throttle Chop at 110 
Knots IAS From 2.0 Seconds Before 
Engine Power Reduction - Fluidic Yaw 
Damper On. 
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Figure 18.    Fluidic  Package Vibration Environment. 
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APPENDIX  II 
PILOT REPORTS 

OATt 

T. C«rTd  ^-7-66 
C%ttftO 

Gerard 
l itiftr 

PILOT REPORT 

HOOlk 

UH-IC L 
HCLicorrm Huwiiii 

1226 (64-1U102) 
'LACt 

Cut« 

iltfüiS 
»so _ y ramm 
Pluldlc Yaw Dmpar Chack 

MIIIUM ALT. 

380* 

fLWMT MO. 
Arlington 

o.».f. 
6',C 

CKOUNO HUM NO. 

U3 2-3-68 
■INO 

S 6-12 K 

(MO. MCPOMT MO. 

nr PieB (T*. O. 

TIM« TAKI OP* TIM« LAHOIMa iDUMATIOM 
I 1.5 

TOTAL fCICMT TIM« TO OAT« TOTAL «Mal»« TIM« TO OAT« 

34.3 
CHAHOUtlMC« LAST fLWNT 

1. Daily inapactlon coaplatad. 
2. Removed all ballast. 
3. Pluldlc control syatem installed. 
4. Tail reter alip rin« instslled. 
5. Removed rat« «witching gyro S/N AF63-<«1»00 (use on AH-10 20004) 
6. Instslled instrumentation for fluidic control system per 

Engr, Requests (fluidic yaw damper system). 
7. Removed whip antenna and mount and stowed wiring. 
8. Removed XM-30 wiring baggage compartment. 
9. Installed the follcving in C/P panel: A/S indicator, S/M 2171, 

R/C ind. VSS7421, Alti. S/N 31208 and leak checked system 
after installation. 0 

10. Tail rotor rigging as follows: full left pedal 20-3/8 , full 
right « 6-l/8^«nd neutral pedal 6-1/2°. 

11. Installed tiedewn link. 

Ihe purpose of this run was to operate the fluidic yew damper 
for an extended period of time.    Records were taken of rudder 
inputs, engagements, disengagements and hardovers during the 
ground run,    Operstion wss sstisfactory on the ground. 

86tTOtbt-l07S7 
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• V 0»Tf 
T,  Q«r«rd 2-9-68 

CHURCD 

Gerard' 

■J* ' ft 

PILOT REPORT 

UH-IC 
'»Of 

I 
HILICOPTCH 

ifih' (6A-IU102) 

Arlington 
r Li^MT   NO. 

219    2-3-68 

360' 

caouHO «UM NO. 

■CATHCM 

CAVU 18  C 
• INO 

S 20-23 K 

Fluidlc Yaw Damper Evaluation 
l NO. HI'ONT  NO. TlM(  T»«t   Oft TIMC LANOINS ,OUN«tlON 

o.i 
co. mo* ji«. o. 

Aft 133 6800 Li 

TOT»L rLICxT   tint   TO OATI 

372.7 
TOTAL CMCIHt TIHt TO 0*TI 

CHANOtl IINCt LOT   »LIOMT 
At     1.    Removed tiedown link aasembly. 

The purpose of thi« flight waa to obtain in-flight data on tha 
fluidic yaw damper.    Recorda were taken in hover of angagementa, 
disengagement«,  rudder step inputs and power change«.     There was 
no apparent instability; in fact it was difficult to tell that it 
was working in hover.     The air was quit« gusty. 

86»T0:bt-l0756 

31 



ggn 

CMcm»   _A 

PILOT I 
.3 .i#l. 

■LOT 

Qulnlan 
PILOT REPORT 

ÜH-IC 
war 
1 

Mucema uttm*» 
HU «».mop 

»i.*ci 
Arltniton 

Rnsn mmn 
300' 

ruant ao. 

220    2»S.M 
• MOUMO •tM ■•. 

rrrr 
Tsfasr 

vfc ■ IS K 

Flttidle T«w PwBimr Eylu«tlen 
nrRFKrsc TBrnrersyy MMUTM« 

CT 
I2< 

137 
o.s 

TOTAL ntlSi fS8 T» BEfi TOTAL f LWMT TIMC TO OATI 

M*7 373.0 
CDAHOU MOCC LAST fLMMT 

1. Dally Inspection coopUtcd. 
2. XnatalUd ■•dieal attendant'« aaat. 
3. XnatalUd rata gjrre paekaga. 
*. tteishad ahip. 
5. InttaLUd rata avitchinf froa Ship #1092. 
6. Saa carry evar. 
7. iallaatad as folleuat 200« at Sta. 7.0. 600# at Sta. SS.O. 
Si 1.    Fualad to 1S00«. 

This flight waa 
ttm «valaation, 
wt. 

SSiWTQibt-10797 

in eonnaetlon with tha f luidic yaw daapar aya« 
was for tha purpoaa of inatrumentation chack 
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W. Qutnlw 
-Birr 

CHICKiO 

Quinlan         
PILOT REPORT 

UH-1C I 

1226 (6»-Htl02) 
^L»Ct 

Arlington 
cm« 

mnsa ALT. 
160* 

fLWHT MO. 

221    2-6-68 
•IATMI* 

CAVU 
fcrwa  
Fluidle T«v Pamper Evaluation 

120C 
WINP 

NU 5-10 K 

I»«, nvsn MO. 

TAT- 

rwd 

TiMi TARI orr TMM LANDIMO OUMATIO« 

A:.6-B:.6-Ct.7 
FiloB IT«, o. 

126.li 
TOTAL fLICMT   TIHC  TOOOTt 

8W»7 37U.9 
TOTAL INSIMt TIMt TO 0»Tl 

CHANCdtlNCt  L*|T  fLWMT 

1.    Daily inapection completed. 

Plight» A and B8    Theaa flighta war« mada for the purpoaa of 
evaluating tha fluidic jraw daapar ajratca. 

The firat configuration vaa evaluated In hover and at three 
forward apecda.     Quantitative data were recorded during pedal 
atep input« at three amplitude« and in rcleaaa from «teadjr atata 
aide «lip conditiona, 

Qualitatively,  tha ayatam wa« found to function aaaantially aa 
«MI« intended, however,  tha gain of tha ayatem vaa obvioualy toe 
lov. 

Flight C;    Prior to Flight C, the gain of the ayatem wa« doubled. 
Thia configuration vaa then evaluated in the aame manner and the 
aase data pointa recorded aa in the prcvioua configuration. 

Qualitatively,  the gain vaa too high in thia configuration, in 
that the ayatem vaa too tight in rough air, producing lateral 
accelerationa which ware uncomfortable. 

86tVTQtbt-10796 
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• '   2-9-68       0*T 

R.  Kjellander 
CHICICI»- 

h^. 
»not 

Kjellander 
PILOT REPORT 

UH-IC 1 
»ILlCO'Tt« NUM YJ^V (M-iiiioa) 
'L»CI 

Arlington 
rueMT NO. 

222    2-7-68 
eROuHO HUM «e. 

CAVU rsmn 
Fluidlc Yaw Diaper Evaluation 

170' 
o • 

8 C 
• INO 

15-20 K M 

CMO. at POUT MO. 

c<^ TOB tT*. e. 

Pwd. 116.U 

Tmt TAIII err TIMt  LAMOIMO iDURATIOM 

A:l.0-B:0.3 

8UU7    LM 

TOTAL  »LI6NT   TIHt TO 0»Tt 

376.2 
TOTAL IHOINC TIMt TODATI 

A:    1.     Daily inspection completed. 

The purpose of Plight* A and B wa»  to obtain dynamic directional 
stability data using the Honeywell Fluidic Yaw Damper System. 
Qualitatively, the system functioned as designed in this 
configuration; however,  in this writer's opinion,  the system 
was  too loose (low gain) during hover,  and too tight  (high gain) 
in forward flight, causing jarky movements in turbulent air. 
Dmnping after a 10 to IS    yaw input was good, as the system 
damped yaw oscillations after I or 2 cycles.    However, you can 
feel the system feeding back through the anti-torque pedals. 

Data is on file in Flight Test. 

86:RGK:bt-10762 
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• *       3-B*6B      o«Ti 
R.   KJell«nd«r 

CHfCKIO 0»II 

• •■   - r    ■■ ,   ■ 
► ILOT    • | 

KJellandcr 
PILOT REPORT 

PKIIIUMI  *LT. 

200* 

UH-IC L 
HCLICOPTC« NUHSI« 

1226 (6U-1U1S2) 
PL«Ct 

Arlington 
FLIGHT   NO. 

223    2-8-68 
..•O.'ND  HUN NO, 

CAVU 
0. *. T. 

♦I 
VIMO 

N   5 K 

Fluldic  Yaw Damper Evluatlon 
tNO    NIPONT   NO. 

CO. » «OX »f »,   O. 

Fwd       126.<» 

TIMf TAX  0»» 

8W»7    L„ 

A:.2-B!.l» 
TOT »l   FLlONT   TIHf   TOr«Tf 

376.8 
TOTtLINSlMI TiUI TOOOTf 

CMANOfldNCC   l»S"   H.I'iMT 

I.     Daily  inspection completed. 

The purpoee of this flight was to obtain data on the fluldic yaw 
damper a« installed in this aircraft. Data was taken at a hover 
while making step inpvts and pedal ravarsals. 

Data is on flit in Plight Test. 

86tRCKtbt-L09S5 
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• » D*ft 

W.   gulnlMt  2-26-68 
MOOtL« 

1 
CMCCHIO 

»11.0T 

^L 
PILOT REPOUT 

UH-1C 
xiucorrt« MuHatii 

1226  (6U-U102) 
'L*CI 

Arlington 
cot» 

Long 
»LIGHT   HO. 

22'*     2-9-68 
caotNo KUH «a 

• l»T Hi« 

c\vu 
Fluidlc Yaw Danper Evaluation 

260' 150C 
«(MO 

S 6-10 K 

INC. «I'OKT   NO. TiMt r»m of» ITIMI üTNöINS      JOüMTTöS 

A:.9-B:.6# 
c«. 
Fwd. 

»MOM IT*. 0. 

126.14 8^7 
TOTAL  H-lOxT   TIHI   TOO»TI 

378.3 
TOTAL IM&INt TIMt  TO OAT ( 

CHANCtltlNCI   LA»T  »LKJKT 

1,     Dally Inspection completed. 
Bt     1.     Fueled to 1500« indicated. 
C:     1.    Fueled to  1500* indicated. 

Thlt flight waa made for the purpose of continuing the evaluation 
of  the fluidic yaw daaper ayatem. 

Data were recorded in  the  sane maneuvers  is on previous  flights, 
?ualitativelyl  the system appeared to function essentially at 
ntcndcd. 

S6tUTQibt-10872 
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G.  Cplvtn 2-V^68 

SA      SüMm 
Colvin 

PILOT REPORT 

UH-IC 1 
Mf LICOrriK NUMCIM 

1226  (6U-IU102) 

A rlington  
fuoHT NO. 225 

and 226 
P^IliUKI OLT. 

OKOUNO MUM NO. 

2-12-13/68 

CAVU 

Fluldlc Yaw Damper Evaluation 
t.NO. «t'OKT   MO. TIU( T««C orr riM(   LANOIMO jOÜltATIOM 

iFlt.   225:.9;  Kit.226:.9 
rao« tr*. o. TOTAL  »LICMT   Tint   TOO'TI TOTAL (MSIMf TIMC  TO OATC 

C»»"<&t» »INCt   L«»T   »LIOMT 

Flight  225:     A:     1.     Installed new flight idle detent «top. 
4,     Daily inspection completed. 
I:     1.     FueJ-cd to 1500#. 
Fiitrht  226:     1.    Daily inspection completed. 

Flights  225A and 226A: 

The purpose of  these flights was  to quantitatively evaluate the 
directional response of  the  aircraft with the M/H Fluldlc Damper 
installed.     Since this systea is  a parallel system.   It doe«  take 
control away from the pilot which is undesirable.     The  system 
appeared to  function well;  however, no fim opinion can be made 
on gain,  settings, etc.,  since a mission using the damper has not 
been described. 

86:GLC:bt-1080S 
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w frypn—nrr 
L. Rohrbough 

""(?&% &ly 
Rohrbough 

PILOT REPORT 

«leTn 
UH-IC 

»or 
L 

MiLicePTia HUM««« 

 1226   (6^-14102) 
»i.*et 

Arlington 
C«i» 

TiTiBi" 
280' 

227    2-15-68 rrrr 
OMOUMO MIM MO. 

9IH|  

N 10 K 
fe wr 
Fluidlc Taw D—ptr Evaluation 
da«, nvsn as TlW<T«IIIO»* |TIM« LAKÖTÜä 

ix narmrc 
Pwd 12U.6 

IOUIU.TM« 
■ 

TOTAL »kMNT TIMC TO OATI 
380.4 

0.8 

8M7 
T0T«L IHCIHC TIM TOOATI 

Ai    1.    Dally Inspection cooplatad. 

Th« purpoa« of this flight wa« to dtnonatrata tha Fluidlc Tav 
Oaapar to Mr. Oaorg* Poadlck of Av-Laba. 

Tha raalaa of flight ahewn war« ataady atata crulaa with 
dlaplacamanta and ratum to trim with tha ayatcm on and off. 
Power changca fro« crulaa to cllnb and to low power wera alao 
ahewn.    Hovering Inputa and croaawlnd hovering wera damonatrated. 

Mr. Poadlck appeared to be Impreased with tha ay a tea In general 
and aatlaflad with th« function of the Fluidlc Yaw Da«p«r Spate« 
u*« inatalled in thia h«licopt«r. 

S6tLOtxbt-10S69 
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■v Bin— 
R.   Erh«rt 2-19-6« 

•ssar, 

CMC ^ 
PILOT      W 

Erh*rt 
*f- PILOT REPORT 

UH-iC 1 
MUCOPTI« HIMfl« • HUMfl« .      „ 

1226  (6U.l<4l02) 
PLACl 

Arlington 
fkWHT   MO. 

228    2-16-68 
raronn ALT. 

340' 
rrrr 

• nouMO MUD aOk 

«IMO 
S *»-6 K CAVÜ 

www 
Fluldlc Yaw Daaper Evaluation 

100C 

IN«. HtPODT HO. TM! TAH Off TIKI SSSMS       ;DUII«T)C« 

rr— 
Fwd 

0.7 
nras IT*, o. 

126.4 
• .a. TOTAL f LWNT TIMC TO e*Tf 

8M»7 381.1 
TOTAL IIMIHt TBIC TO DAT! 

CMAHCtt tIMCt LAST fkWMT 

At  1. Dally Inapectlon eoaplctad. 

Thia flight waa nadc to cvaluata and take data on the yaw dampen- 
ing. Varloua pedal atcp Inputa were put In at hover, 60 Knota, 
90 Knota and 110 Knota. 

Th« <•• dampencr greatly Incrcaaea yaw atabllity and la a greet 
r «inteinlng an exact heading auch aa would be dealrcd on e 

g. r.g run.     However,  the present syateia has no pilot control 
1'vV >, im ship  is very unresponsive  In yew.     In a hover,  the alow 
rett.onae  to pedal la particularly noticeable end greatly Unite 
the pilot'a authority over the elrcx »ft. 
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Unclassified 
Stcurtty CUniftcilion 

DOCUMENT CONTROL DATA -R&D 
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Bell Helicopter Company 
Fort Worth,   Texas 
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Unclassified 
16. amour 

>.   ««»OUT   TITLC 

FLIGHT TEST OF A HONEYWELL,   INC. ,   FLUIDIC YAW DAMPER 

Final Report 
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John C.   Kidwell 
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July 1968 
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U.   S.   Army Aviation Materiel Laboratorie 
Fort Eustis,  Virginia 

Flight tests were conducted to evaluate the performance and feasibility of a fluidic 
yaw damper system that was fabricated by Honeywell,  Inc.    A standard UH-1C 
helicopter was used as a test vehicle. 

Tests encompassed 8. 5 flight hours and 2. 9 hours of ground and hangar tests. 
Operation of the system was normal at all times,   and a significant increase in yaw 
damping was measured.    None of the tests revealed any factors that might limit 
the application of fluidic systems in a helicopter environment.    The performance 
and reliability of the "feasibility" package were much better than expected and 
helped to create a favorable impression of the concept.    Pilot acceptance of the 
system was good,   considering that only simple rate damping was provided without 
the benefit of pilot loops,  quirkening,   and other sophisticated features of current 
electronic Stability and Control Augmentation Systems (SCAS).     If fluidic stabili- 
zation systems were to be incorporated into a production helicopter, these 
additional features would have to be present to obtain pilot ratings equivalent to 
those generated by electronic SCAS. 
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