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INTRODUCTION

BACKGROUND

1. The XM-139 Multiple Mine Dispensing System (VOLCANO) is a rapid deployment
system for launching a mix of antitank and antipersonnel mines from both helicopters and
ground vehicles. The airborne system was developed by the Army Aviation Research
Development and Engineering Center in conjunction with the Project Manager for Mines,
Countermines and Demolition in response to an urgent requirement of the High
Technology Light Division for a helicopter mine dispensing system. Prime contractor is
Honeywell, Inc. The U.S. Army Armament, Munitions, and Chemical Command was
tasked with system production and has requested support for airborne qualification of the
system from the U.S. Army Aviation Systems Command (AVSCOM). At the request of
AVSCOM, a Preliminary Airworthiness Evaluation of the UH-60A/ VOLCANO
configuration was conducted by the U.S. Army Aviation Engineering Flight Activity
(AEFA) under Project No. 86-10 (ref 1, app A). AVSCOM later requested the AEFA
to conduct a limited airworthiness and flight characteristics (A&FC) test of the UH-60A
helicopter with VOLCANO installed (ref 2).

TEST OBJECTIVE

2. The objective of this test was to determine the effects of the VOLCANO configuration
on UH-60A performance and handling qualities.

DESCRIPTION

3. The UH-60A, Black Hawk, is a twin-turbine, single-main rotor helicopter capable of
transporting cargo, I I combat troops and weapons during day, night, visual
meteorological conditions and instrument meteorological conditions. The helicopter is
equipped with conventional wheel-type landing gear. The main and tail rotors are both
four-bladed. Manual main rotor blade and tail pylon folding capabilities are provided for
air transportability. A movable horizontal stabilator is located on the lower portion of the
tail rotor pylon. The helicopter is powered by two T7OO-GE-700 turboshaft engines
having an uninstalled thermodynamic rating (30 minute) of 1553 shaft horsepower (01p)
(power turbine speed of 20.900 rpm) each at sea level, standard day static conditions.
Installed dual engine power is tran.mussion limited to 2828 shp.

4. The UH-60A helicopter (USA SIN 82-23748) used for this evaluation was a
sixth-year production flbek Hawk which incorplorates the External Stores Support
System fixed provisions and fairings. the reociented production airspeed probes and the
modified pruduction stabitator schedule. A detailed description of the UH-60A is
available in the Prine Item Development Specification (ref 3. app A) and the operator's
manual (ref 4). The test helicopter configured with the VOLCANO system, is depicted in
figure I.

S. The VOLCANO weapons system with related equipment is produced by Honeywell,
Inc. The VOLCANO is an automated. scatterabic mine detiverCy system capable of
launchilAn mines from host ground and air vehicles (5 ton dump and cargo trucks and the
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UH-60A helicopter). The mine dispenser system is modular and consists of four major
components: (1) mounting hardware kits, (2) four launcher racks, (3) 160 mine
canisters, and (4) a dispenser control unit (DCU). The mounting hardware is the only
application-uniqua component and allows mounting to the Black Hawk fixed provision
mounting points without any aircraft modifications. This hardware accepts up to four
launcher racks (two per side), with each rack holding up to 40 individual XM-87 Mine
Canisters. Each canister contains six mines giving the system a total delivery capability of
960 mines. For this test the VOLCANO system consisted of four launching racks loaded
with 160 empty mine canisters, and fully operational rack jettison mechanisms. The
Interface Control Panel (ICP) was installed to control emergency jettison, however, the
DCU was not installed. A detailed description of the VOLCANO system is contained in
the VOLCANO operator's manual (ref 5) and appendix B.

TEST SCOPE

6. The A&FC was conducted by AEFA personnel at Edwards AFB (elevation 2302 feet)
and Coyote Flat (elevation 9980 feet), California. A total of 59 productive flight hours
were flown during the period I September to 28 January 1988. Tests were conducted to
determine the performance and handling qualities of the UH-60A with the VOLCANO
mine dispensing system installed at average mission gross weights of 16.500 and 22,500
pounds at both forward and aft longitudinal center of gravity (cg) locations. Results were
compared with previous test results (refs 1, 6, 7, 8 and 9. app A). Flight restrictions and
operating limitations observed throughout the test are contained in the operator's manual
(ref 4) and the airworthiness release (ref 10). Testing was conducted in accordance with
the approved test plan (ref 11) at the ctxditions presented in tables I and 2.

TEST METHODOLOGY

7. The flight test data were recorJed by hand from test instrumentation displayed in the
cockpit. by on-board magnetic tape recording equipmen! and vin telknetrv i, !.he Remote
Data Acquisition and Processing System. A detailed listing of test instrumentation is
contained in appendix C. Flight tea techniques and data analysi- procedures are
described in appendix D.

3



Table 1. Performance Test Conditions'

Average
Average Longitudinal AverageGross Center of Density TrimGro s C nte of A ltitude A irspeed

Type of Weight Gravity Configuration
Test (Ib) (FS)2 (ft) (KTAS) 3

14,850 to 1260 to
Hlover 20,570 354.0 (mid) 9840 0 Normal Utility

10 ft IGE and
100 ft OGE 17,730 to

20.120 354.0 (mid) 2600 0 VOLCANO

Climb 20,150 347.0 (fwd) 5750 64 (KCAS 4) VOLCANO

17.750 to 3530 to 45 to
20.190 346.7 (fwd) 9770 132 VOLCANO

Level Flight 16,320 to 5430 to 46 to
20,170 357.7 6450 130 VOLCANO

17,530 to 3320 46 to
17.970 347.0 (fwd) 9900 160 Normal Utility

19,330 to 55 (KCAS4)
Autorotation 19,700 347.0 (fwd) 5200 to 112 VOLCANO

NOTES:

'Tests conducted with doors and windows closed, Automatic Flight Control System ON,
Pitch Bias Actuator centered and electrically disconnected, bleed air system OFF. and
mid lateral center of gravity.

21FS: Fusleage station.
3 KTAS: Knots true airspeed.
"4 KCAS: Knots caibrated airspeed.
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Table 2. Handling Qualities Test Conditions
1

Average
Average Average Average Trim

Gross Longitudinal Density Calibrated
Weight Center of Altitude Airspeed External

"rest (Ib) Gravity (It) (knots) Configuraiton Remarks

17,530 to 3320 to 46 to In conjunction w i.b level flight per-
17,970 347.1 (fwd) 9900 160 Normal Utility formscne R/ approximately

258

17,750 to 3530 to 45 to

20,190 346.7 (fwd) 9770 132 In conjunctioit wi0h level flight per-

Control formance NI/q O s:pproximalrly
Positions in 16,320 to 5430 to 46 to 249, 258. 26b-

Trimmed Forward 20.170 357.7 (aft) 6450 130 VOLCANO Installed
t

Flight In conjunction with climb pcrlorminvc.
20.150 347.0 (fwd) 5750 64

55 to In conjunction with autorotational
19-840 34•7-0 ((wd) `5200 112 _Mrformance

16.710 and 5810 and 66 and
20,610 359.2 (aft) 511 0 91 Level flight

Static
Longitudinal 16.800 and 5590 and 82 and IRP

3 
climb

Stability- 20,490 359.3 (aft) 6850 96 VOLCANO Installed'
16.680 4950 and
20.190 358.6 (aft) 3640 77 _Aulorntption

16.660 358.6 6060 116

16.910 359.5 6040 66
Level flight

19.900 357.4 4990 67

20.230 358.5 (aft) 4900 114
Static Lateral-

Directional 16,690 358.8 (aft) 6000 95 VOLCANO Installed
2

Stability IRP climb
20.480 359.0 (aft) 6160 81

16,.500 358.1 6190 78
Autorotatlon

20.070 357.8 (aft) 5900 77

46. 68, 86
16,555 358.2 6110 96, 116

18.290 256.9 (mid) 9320 106 VOLCANO Installed
2  

Level flight

Maneuvering Stability
20,480 359.0 (aft) 6255 44 and 86

19.955 357.3 (mid) 5520 69 and 85 IRP climb

16,740 and 54, 92 and
20,330 359.2 (aft) 6080 119 Level flight

Dynamic Stability 16,610 and
20,3.0 359.1 (.aft) 5530 56 and 91 VOLCANO Installed* IRP climb

16.540 and
20.260 359.1 (aft) 5390 49 and 90 Autorotation

16,360 and 5700 and 39, 77 and
20.440 359.1 (aft) 5830 117 Level flight

Controllability VOLCANO Installed
8

16.480 and 3730 aad
18.860 358.8 (aft) 3980 0 Iover

0 to 40 Azimuth: 0, 90. 180 and 270 degrees.

16.50C 354 (mid) 2490 (KTAS) V Edwards AFS, 25 ft IGE4
Low Speed Nlight VOLCANO Installed

8

0 to 45 Azimuth: 0. 90, 180 and 270 degrees.

16,380 355 (mid) 10.000 (KTAS) Coyote Flat. 23 ft le..

91, 110. and Level flight fdual-engine to tingle-

Simulated Engine 20,370 346.3 (fwd) 5760 115 VOLCANO Installed* engine)

Failure tIt" climbs tdual-eaginc to simtgie-

20.390 346.2 (fwd) 5450 83 enginle)

NOTES:
t
Tesling was conducted at 2:4 rpm, mid-laleral center of gravity, the Automatic Flight Control System ON, all doors closedl,
and the pitch bias actuator centered and electrically disconnected, except as noted otherwise.

aEmply canlslers.
3IRP: Intermediate rated power.
41GE: In-ground effect.

GKTAS: Knots true airspeed.
5



RESULTS AND DISCUSSION

G E'.N E'RA L

8. An Airworthiness and Flight Char, cteristics (A&FC) test of the UII-60A with the
XM-139 (VOLCANO) mine dispensing system installed was conducted at Edwards AFB
and Coyote Flat, California. The VOLCANO system installation significantly reduced the
UH-60A performance while only slightly degrading the handling qualities. Seven
shortcomings, similar to those previously reported, were noted in this configuration: (1)
the large position error for the ship's airspeed system: (2) the negative longitudinal static
stability at 100 KCAS during level flight (3) the neutral static longitudinal stability during
intermediate rated power (IRP) climbs; (4) the neutral to slightly negative maneuver
stability above a load factor of 1.4 at 116 KCAS (5) the excessive sensitivity of rotor
speed to collective movement during autorotative descent; (6) the excessive 4 per
revolution vibration amplitude; (7) the excessive magnitude of tail shake with the
VOLCANO installed. The UH-60A helicopter with the VOLCANO system installed
failed to meet the following requirements: Military Specification MIL-I-6115A, paragraph
4.2.6.3 in that the position error exceeded maximum allowable; the Prime Item
Development Specification (PIDS) (ref 3) paragraph 10.3.3.1.3 in that the static
longitudinal stability was negative at 100 KCAS during level flight and neutral during IRP
climbs. PIDS paragraph 10.3.3.1.4.1 in that the stick-fixed maneuvering stability was
neutral to negative in steady turning flight. The intermittent lateral tail pulse "tail shake"
previously reported (ref 1) was still evident at conditions of high gross weights and high
airspeeds. The maximum airspeed during, the test was limited to 120 knots indicated
airspeed on the ships airspeed system in accordance with the requirements of the
airworthiness release (ref 6).

PERFORMANCE

Hover Performance

9. Hover tests were conducted utilizing the tethered hover method at the conditions
presented in table 1. The 10-foot main wheel height in-ground effect (IGE) and
100-foot main wheel height out-of-ground effect (OGE) tests were conducted at test sites
with FPeld elevations of 2302 and 9980 feet. A calibrated load cell was used to measure
the tension in the tether cable and cable angle indicator were used to measure cable angle
from vertical during the hover tests. Variations in thrust coefficient (C7) were attained
by varying tension in the cable while maintaining vertical cable alignment.

10. The nondimensional results of the hover test are presented in figure E-I through
E-4, appendix E. The standard day, sea level IGE and OGE hover capability of the
U'I-60A with the VOLCANO system installed was determined to be 23,709 and 20,855
pounds (lb), respectively using the transmission limit power of 2828 shp. The increased
vertical drag caused by the VOLCANO system reduces the OGE hover capability of the
Black Hawk by approximately 520 lb at sea level standard day conditions.

Climb Performance

11. Climb performance tests were conducted at the conditions presented in table 1. The
airspeed for maximum rate of climb was determined by climbing at intermediate rated
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power (IRP) at various airspeeds. Power was then varied in increments while climbing at

the airspeed for maximum rate of climb to determine the power correction factor (Kp).
Three data are presented in figures E-5 and E-6. The airspeed for maximum rate of
climb was determined to be 64.5 knots calibrated airspeed (KCAS). The Kp was
determined to be 0.75.

Level Flight Performance

12. Limited performance flight testing was conducted to determine the performance
difference between the UH-60A in the normal utility configuration (fixed provision
fairings installed) and the UH-60A configured with the VOLCANO system. Level flight
performance tests were conducted at the conditions presented in table 1 to determine the
power required at various airspeeds. Each test was flown in ball-centered flight.
Nondimensional level flight test results in the VOLCANO configuration are presented in
figures E-7 through E-9, appendix E. The results of each individual test are presented
in figures E-10 through E-18. The normal utility configuration test results are presented
in figures E-19 and E-20. With the VOLCANO system installed on the UH-60A

helicopter, the change in equivalent flat plate area (AFe) varied as a function of CT and

airspeed from approximately 36 sq ft at a CT of 0.0070 to approximately 50 sq ft at a CT
of 0.010. Inherent sideslip during level flight with the VOLCANO system installed, was
essentially the same as the UH-60A in the clean configuration reported rel 8.

Autorotational Descent Performance

13. Autorotational descent performance tests were conducted at the conditions
presented in table 1, to determine the airspeed for minimum rate of descent and
maximum glide ratio. At these two airspeeds the rotor spvted for minimum rate of descent
was determ-ned. Test results are presented in figures E-21 and E-22.

14. The minimum rate of descent at 19,500 lb gross weight and a rotor speed of 258.0
revolutions per minute (rpm) was 2270 ft/min at an airspeed of 74.5 KCAS. At the same
gross weight and rotor speed, airspeed for maximum glide distance was 93 KCAS with a
corresponding rate of descent of 2560 ft/min. At constant airspeeds of 73 and 93 KCAS,
rotor speed was varied incrementally from approximately 232 rpm to 274 rpm. The data
shows that the rpm for minimum rate of descent was 242 rpm.

15. Rotor speed control during entry into autorotational flight as well as during steady
state auturotation required moderate pilot compensation to maintain the desired rotor
speed ± (HQRS 5), as previously reported (ref 7). The sensitivity of rotor speed to
collective movement during autorotative descent which detracts from the pilot's ability to
maintain visual contact outside the cockpit and remains a shortcoming.

HANDLING QUALITIES

General

16. A handling qualities evaluation of the UH-60A configured with the VOLCANO
mine dispensing system was conducted to determine any changes caused by the

7



VOLCANO system installation. Handling qualities of the Ut4-60A with the VOLCANO
system installed were qualitatively and quantitatively evaluated ai;d found to be
essentially the same as the UH-60A ir the normal utility configuration. A previously
reported shortcoming during IRP climbs (ref 1) was still evident.

Control Positions in Trimmed Forward Flight

17. Control positions in trimmed, ball-centered, forward flight were obtained in
conjunction with level flight performance testing and during IRP climbs and autorotational
descents at the conditions presented in table 2. Representative level flight data are
presented in figures E-23 through E-27. In level flight, above 60 KCAS, the variation of
longitudinal control position with airspeed during trimmed level flight generally required
increased forward cyclic control with increased airspeed. Below 60 KCAS, the
longitudinal control position with airspeed gradient was essentially neutral, as previously
reported In references 1 and 6, appendix A. A lateral cyclic control trim change of
approximately 3/4 inch to the right was evident as airspeed increased from 60 KCAS to
VH, but was not objectionable. Installation of the VOLCANO system caused an increase
in 20 nose down pitch attitude at 80 KCAS and approximately 5.5* at 120 KCAS.

18. Representative data taken during IRP climbs and autorotational descents at two
mission gross weigh" are presented in figures E-28 and E-29, appendix E. During IRP
climbs, there was r - p .tiable change in longitudinal control position with airspeed. An
increase of 1/4 in,.a ,ight lateral cyclic position was required with a 30 knot speed
increase. Pitch attitude increased from 00 at 70 knots to 6V nose-down at 100 knots.
During autorotational descents, more forward longitudinal control was required with
increasing airspeed, providing excellent control position versus airspeed cues to the pilot.
Lateral control position varibtion with airspeed was noticeable to the pilot, (increased
airspeed over a 35 knot speed range required one inch of right lateral cyclic control
change), but was not considered objectionable. The flight control position during
trimmed IRP climbs and autorotational descents with the VOLCANO system installed are
essentially the same as the UH-60A in the normal utility configuration and are
satisfactory.

Static Longitudinal Stability

19. The static longitudinal stability characteristics of the UH-60A configured with the
VOLCANO system were evaluated at two mission gross weights during level flight. IRP
climbs, and autorotational descents at the conditions presented in table 2. The helicopter
was stabilized in ball-centered flight at the desired trim airspeed and flight condition.
The collective control was held fixed while airspeed was varied approximatel. 120 knots
about trim in 5 knot increments. Representative level flight data are presented in figures
E-30 and E-31. During level flight, the static longitudinal stability (as indicted by the
variation of longitudinal cyclic control position with airspeed) of the U11f60A configured
with the VOLCANO, was slightly degraded from that in the normal utility configuration
and at approximately :00 KCAS was negative. The negative static longitudinal stability
cdtring level flight at approximately 100 KCAS of the UH-60A configured with the
VOLCANO is a shoncoming and failed the requirement of paragraph 10.3.3.1.3 of the
PIDS.

8



20. Representative data in IRP climbs are presented in figures E-32 and E-33. During
IRP climbs, the static longitudinal stability was essentially neutral (no longitudinal cyclic
control variation with airspeed), providing poor longitudinal cyclic position versus
airspeed cues to the pilot, similar to that previously reported in references 1 and 6.
Control force displacement cues about trim were also neutral. Maintaining airspeed
within 5 knots required moderate pilot compensation (HQRS 4), and was aggravated by
small, continuous longitudinal pitch oscillations. During IRP climbs, the neutral static
longitudinal stability of the UH-60A configured with the VOLCANO system was
essentially the same as the UH-60A in the normal utility configuration (ref 6) and
remains a shortcoming. Neutral static longitudinal stability during IRP climbs failed the
requirements of paragraph 10.3.3.1.3 of the PIDS.

21. Representative autorotational descent data are presented in figures E-34 and E-35.
During autorotational descents, the static longitudinal stability was positive with a
moderate gradient, providing good longitudinal cyclic control position cues to the pilot.
Airspeed was easily maintained within ±2 knots (HQRS 2). Longitudinal control force
displacement cues about trim were adequate. During autorotational descent, the static
longitudinal stability of the UH-60A configured with .he VOLCANO system was
essentially the same as the UH-60A in the normal utility configuration, is satisfactory,
and met the requircments of the PIDS.

Static Lateral-Directional Stability

22. The static lateral-directional stability characteristics of the UH-60A configured with
the VOLCANO system were evaluated at two mission gross weights during level flight, IRP
climbs and autorotational descents at the conditions presented in table 2. The helicopter
was stabilized in ball-centered flight at the desired trim airspeed and flight condition.
With the collective control held fixed, the aircraft was then stabilized at incremental
sideslips up to limit sideslip angle (specified in ref 10) both left and right of trim while
maintaining a zero turn rate at the trim airspeed. Autorotational descent flight was
approximated with engine condition levels in the fly detent and minimum indicated
torque (S-8%) applied to maintain 100% (258 rpm) rotor speed. Representative data are
presented in figures E-36 through E-41.

23. Static directional stability (as indicated by the variation of direction~al control
position with sideslip angle) was positive (increased left directional control required with
increased right sideslip) at all test conditions. The directional control variation with
sideslip was similar to findings reported in relerences I and 6. The direction;i stability
characteristics of the Ul-60A configured with the VOLCANO system were essentially
the same as the UH-60A in the normal utility configuration, and are satisfactory.

24. Effective dihedral (as indicated by the variation of lateral cyclic control position
with sideslip angle) was positive (increased right cyclic control with increased right
sideslip) and essentially linear at all test conditions. The gradient of lateral cyclic control
versus sideslip increased slightly at the higher airspeeds and gross weightz. but the
difference was not perceptible to the pilot. There were no discontinuities in force or
position cues and good out-of-trim cues were evident. Similar results were rreviously
reported in references I and 6. The effective dihedral of the UH-60A configured with

9



the VOLCANO system was essentially the same as the UH-60A in the normal utility
configuration, and is satisfactory.

25. S;deiorce characteristics (as indicated by the variation in bank angle with sideslip)
were positive (increased right bank angle with increased right sideslip) at all test
coy~ditioi;s. Weak proprioceptive cues to out-of-trim conditions were evident during
autorotational descent, but were considered adequate. The sideforce characteristics of the
UH-60A configured with the VOLCANO system were essentially the same as the
UH-60A in the normal utility configuration, and are satisfactory.

26. A longitudinal to directional coupling was evident at all test conditions. Generally,
the, longitud'aal cyclic position versus sideslip required increased forward longitudinal
cyclic control with increased right sideslip. The longitudinal to directional coupling
exhibited was not considered objectionable and was similar to that previously reported in
references 1 and 6.

27. Inherent sidislip 41.1ring IrtP climbs with the VOLCANO system installed was 50
rig.it at 95 KCA' ind was essentially the same as the UH-60A in the clean configuration
reported in rtferences 7 and 8, appendix A. During autorotative descent (see para 22)
the inherent sideslip was appro/vmately 150 left at 78 KCAS. Level flight inherent sideslip
was essentially uncharted with the VOLCANO system installed as noted in paragraph 12.

Maneuvering Stability

28. Maneuvering stability was evatu3teo at two mission gross weights in collective-fixed
steady-state Lurns at the test conuitior., presented in table 2. The tests were
accomplished by initially stabilizing the helicopter in ball-cemered level flight at the trim
airspeed and then inLrementally increasing ,he normal acceleration (g) by increasing the
bank angle ir. left and right turns. The test vwas repeated with the aircraft stabilized in
ball-centered IRP climb flight. Cullective control oositLon -,,as held fixed and constant
airspeed maintained during the maneuvers. Test resL..s are presented in figures E-42
through E-49 for level flight and figures E-S0 and E-51 ror IRP climbs.

29. The stick-fixed mnaneuvering stability, as indicated by the variation of longitudinal
control poiitien with load factor was evaluated at the c-nditions of tib&. 2. A comparison
of the UH-6CA maneuvering stability in thi VOLCANO atid NORMAL UTILITY
configurations shows slightly degradd maneuvering k..ihLty with the VGLCANO system
installed. At 16,50C pounds gross weight, load factors above 1.4 and airspeeds of
116 KCAS, the maneuvering stability was neutral .o negative exhibiting a 'dig in"
charactczrstic. This "dig in" (bank ansles abovy- 45 degrees) makes it difficult to maintain
de.:ired bank angle ±5 degrees and a;:speea ±5 knots requiring frequent small
longituai.al control inputs (HORS 6). This characteristic is aggravated by increasing gross
weight or airspeed. The neutral to negative maneuvering stahility above a load factor of
1.4 at 116 KCAS is a shortcoming similar to that previoisly reported (ref 9). The neut -I

to negative stick-fixed maneuvering stability in steady turning flight faihkd the
requirements of paragraph 10.3.3.1.4.1 of the PIDS.
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Dynamic Stability

30. The dynamic stability characteristics of tile Uti-60A configured with tile VOLCANO
system (stability augmentation system (SAS) ON) were evaluated at two :nission gross
weights at the conditions presented in table 2. The short-term response was excited in all
control axes by making single-axis, 1 inch control pulse inputs which were held for
approximately 0.5 second and by control releases from limit sideslip values. Long-term
longitudinal dynamic stability characteristics were evaluated by displacing the aircraft from
trim airspeed approximately 10 to 15 knots, smoothly returning the longitudinal control to
the trim position, and observing/recording the resultant response. Meteorological
conditions during testirg varied from calm to lightly turbulent as defined in the Flight
Information Handbook (ref 13). Representative time history data are presented in figures
E-52 through E-80.

31. The long short-term response was heavily damped. The short-term response of the
UH-60A configured with the VOLCANO system was essentially the same as the UH-60A
in the normal utility configuration and is satisfactory.

32. The lateral-directional oscillatory response resulting from steady heading sideslip
releases were heavily damped. The lateral-directional oscillatory response of the
UH-60A configured with the VOLCANO system was essentially the same as the UH-60A
in the normal utility configuration and is satisfactory.

33. The long long-term response was heavily damped, returning to within 1 knot of trim
after only two small overshoots. The long-term response of the UH-60A configured with
the VOLCANO system was essentially the same as the UH-60A in the normal utility
configuration and is satisfactory.

Controllability

34. Controllability tests were conducted during hover and forward flight at tile conditions
presented in table 2. Controllability was measured in terms of control power (pitch
attitude change within one second), control response (maximum angular velocity attained
in one second) and control sensitivity (maximum angular acceleration attained in
one second) about an aircraft axis following a control step input of a measured size.
Following the input, all controls were held fixed until a maximum rate was established or
until recovery was necessary. The magnitude of inputs was varied by using an adjustable
rigid control fixture on the cyclic control and by the copilot physically blocking the

- directional pedals. Real time telemetry monitoring was utilized to confirm the desired
input size and shape.

35. Longitudinal controllability characteristics are presented in figures E-81 through
E-88. Longitudinal control power and response similar in both the forward and aft
directions. The rates and accelerations were linear with respect to control input
magnitude. The longitudinal control response was predictable. Pilot overcontrol was not a
problem. The longitudinal controllability characteristics of the UH-60A during hover and
forward flight with the VOLCANO system installed are satisfactory.

36. Lateral controllability characteristics are presented in figures E-89 through E-92.
The lateral control power, response, and sensitivity did not change with the direction of
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input. The lateral controllability characteristics of the UH-60A during hover and forward
flight with the VOLCANO system installed are satisfactory.

37. Directional controllability characteristics are presented in figures E-93 through
E-99. Pilot overcontrol was not a problem. The rates and acceleration were linear with
respect to control input magnitude. The directional controllability characteristics of the
UH-60A during hover and forward flight with the VOLCANO system installed are
satisfactory.

Low-Speed Flight Characteristics

38. The low-speed flight characteristics were evaluated at the conditions presented in
table 2. Tests were conducted at true airspeeds up to 45 knots in forward, rearward (0
and 18%j degrees relative azimuths) and sideward (090 and 270 degrees relative
azimuths) flight at a wheel height of 20 feet, as measured by the radar altimeter. Surface
winds were 5 knots or less and a ground pace vehicle was used as a speed reference. The
low speed flight test data are presented in figures E-100 through E-103.

39. Pilot workload (frequency and magnitude of inputs) required to maintain speed,
altitude, and heading control during forward and rearward flight required minimal pilot
compensation between 0 and 20 knots true airspeed (KTAS). Above 20 KTAS, in both
forward and rearward flight, the frequency of inputs noticeably decreased, but the overall
pilot workload. Adequate control margins remained throughout the tested airspeed range
during both forward and rearward flight and no significant altitude effects were noted.
During forward and rearward flight, the low speed flight characteristics of the UH-60A
with the VOLCANO system installed were essentially the same as the UH-60A in the
normal utility configuration and are satisfactory.

40. During left sideward flight, the lateral cyclic position gradient with airspeed was less
than during right sideward flight. Additionally, during left sideward flight a small band of
essentially neutral lateral cyclic control position versus airspeed was present between 10
and 30 KTAS. This anomaly was not perceived by the pilot and was not considered
objectionable. Stabilator trailing edge up programming began to occur at approximately
20 KTAS during left sideward flight, while the stabilator remained in the full trailing edge
down (40 degrees) position during right sideward flight. Pilot workload was higher in left
"sideward flight as compared to right sideward flight for all control axes. Adequate control
margins remained throughout this evaluation and no significant altitude effects were
noted. During left and right sideward flight, the low speed flight characteristics of the
UH-60A with the VOLCANO system installed were essentially the same as the UH-60A
in the normal utility configuration and are satisfactory.

Simulated Single-Engine Failure

41. Simulated single engine failures were evaluated at two mission gross weights at the
conditions presented in table 2. Representative time histories of the simulated engine
failures during level flight and IRP climb are presented in figures E-104 through E-109.
The engine failures were simulated by pulling one engine power control lever from the
flight position to the idle position and delaying pilot reaction for a minimum of 2 seconds
or until the low rotor speed warning sounded. The simulated engine failures were
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detected by an audible warning tone, the ENG OUT master caution light, a difference in
cockpit engine parameters, and a noticeable 2 to 4 deg left yaw. Other than the yaw
excursion, no unusual attitude changes or control forces were observed during the
simulated engine failures and the subsequent transition to single-engine flight. There were
no differences (handling qualities or failure cues) noted between a "failed" left engine or
a "failed" right engine. At high collective pitch settings, main rotor speed decreased
rapidly, but normal operating rotor speed was easily restored by reducing the collective
pitch control. The simulated single-engine failure characteristics are satisfactory.

VIBRATION

42. Vibration characteristics of the UH-60A configured with the VOLCANO were
qualitatively evaluated concurrently with other test. An increase in 4 per revolution
(4/rev) vibration amplitude above 100 KCAS was observed. The vibration amplitude
above 100 KCAS with the VOLCANO was noticeably higher than in the normal utility
configuration. Vibration levels were assessed using the Vibration Rating Scale (VRS)
shown in figure D-3. The increased pitch down attitude associated with the VOLCANO,
discussed in paragraph 17, appeared to aggravate the 4/rev vibration. The excessive
4/rev vibration amplitude remains a shortcoming as previously reported in reference 6.

43. Stabilator vertical vibration was observed by the chase aircraft during level flight
testing. Peak to peak stabilator tip vertical displacements observed were reported to be
approximately two to three inches at conditions of high gross weight (20,000 Ib) and high
airspeed (above 100 knots). Stabilator mount bushing wear was monitored throughout
testing and no significant increase in wear was noted during the limited flying hours.

44. The intermittent lateral tail pulse described as "tail shake" in reference I, was still
evident at high gross weight at airspeeds above 115 KIAS and at high speed descents in a
left turn. Tail shake was aggravated in a left sideslip. The excessive magnitude of the tail
shake with the VOLCANO installed remains a shortcoming. The following note should be
incorporated into the aircraft operator's manual.

NOTE

When operating the UH-60A configured with the
VOLCANO system at high gross weight and high
airspeeds, the pilot may encounter intermittent lateral
tail pulses "Tail Shake". The intensity of the tail shake
is further aggravated by left sideslip.

AIRSPEED CALIBRATION

45. Airspeed calibration tests were conducted to determine the position error of the
UH-60A airspeed system with the VOLCANO system installed. The aircraft pilot-static
system was calibrated during level flight up to Ill KCAS by use of a calibrated trailing
b)omb). Data are presented in figure E- 110. *Te position error was I I knots at 30 KIAS,
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8 knots at 85 KIAS and 9 knots at 111 KIAS. The position error with the VOLCANO
installed was greater by approximately 2 knots at 40 KIAS and 9 knots at 100 KIAS
when compared to the normal utility configuration of the same aircraft reported in
reference 8, appendix A. This large position error associated with the VOLCANO system
installation will result in a discrepancy between the desired mine dispensing airspeed and
the actual dispensing airspeed, affecting the mine field density, and is a shortcoming. The
position error data presented in figure E-1 10, should be incorporated into the applicable
VOLCANO mine dispensing system operator's manual and the aircraft operator's
manual. The UH-60A with VOLCANO system failed the requirements of Military
Specification MIL-I-6115A paragraph 4.2.6.3 in that the position error exceeded the
maximum allowable by at least 4 knots throughout the range of airspeeds tested.

MISCELLANEOUS

46. Two miscellaneous observations were made regarding the installation of the
VOLCANO system.

a. Cabin entry/exit is greatly restricted by the installation of the VOLCANO system,
making the loading and unloading of passengers and cargo more difficult. Additionally,
to open the cabin door, the person must first reach between the mounting rack and cargo
door from the front of the VOLCANO system to release the door handle and then move
to the rear of the VOLCANO system to finish opening the door. The following NOTE
should be incorporated into the aircraft operator's manual.

NOTE

The forward two-thirds of the cabin entry/ exit doors are
restricted by the VOLCANO system making the loading
and unloading of passengers and cargo more difficult.
Internal loads should be planned accordingly.

b. Manual installation of the VOLCANO side panel was attempted but abandoned in
favor of using a fork lift and sling arrangement. Installation procedures and/or equipment
should be developed to improve manual installation of VOLCANO side panels.
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CONCLUSIONS

GENERAL

47. Based on this evaluation, the installation of the XM-139 Multiple Mine Dispensing
System (VOLCANO) caused a significant reduction in performance. The handling
qualities of the UH-60A aircraft configured with the VOLCANO were slightly degraded.
The following specific conclusions were reached (para 8).

Specific

a. With the VOLCANO system installed on the UH-60A helicopter, the change in
flat plate area (AF.) varied as a function of coefficient of thrust (CT) from approximately
36 sq ft at a CT of 0.007 to approximately 50 sq ft at a CT of 0.010 (para 12).

b. An increase of 2 degree nose down pitch attitude at 80 KCAS and 5.5 degrees at
120 KCAS was attributable to the VOLCANO installation, was noted (para 17).

c. The standard day, sea level OGE hovering capability of the UH-60A with the
VOLCANO system installed was determined to be 20,855 lb using intermediate rated
power (para 10).

d. The standard day, sea level IGE hovering capability of the UH-60A with the
VOLCANO system installed was determined to be 23,709 lb using intermediate rated
power (para 10).

SHORTCOMINGS

48. The following shortcomings associated with the VOLCANO installation were
identified and are listed in decreasing order of importance.

a. The large airspeed system position error (para 45).

b. The negative longitudinal static stability during level flight at approximately
100 KCAS (para t9)_

c. The neutral static longitudinal stability during climbs at intermediate rated power
(para 20).

d. The neutral to slightly negative stick-fixed maneuvering stability of the UH-60A
above a load factor of 1.4 at 116 KCAS (para 29).

e. The excessive sensitivity of rotor speed to collective movement during
autorotatlonal descent (para 15)

f. The excessive 4 per revolution vibration amplitude (para 42).

g. The excessive magnitude of tail shake with the VOLCANO installed (para 44).
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SPECIFICATION COMPLIANCE

49. The UH-60A helicopter with VOLCANO system inbialled failed to meet the
following requirements of Military Specification MIL-1-6115A (ref 12):
Paragraph 4.2.6.3. - The position error exceeded the maximum allowable by at least 4
knots throughout the range of airspeeds tested (para 45).

50. The UH-60A helicopter with the VOLCANO system installed failed to meet the
following requirement of the PIDS (ref 3): Paragraph 10.3.3.1.3 - The static longitudinal
stability was negative at 100 KCAS during level flight (para 19). Paragraph 10.3.3.1.3 -
The static longitudinal stability was neutral during climbs at intermediate rated power
(para 20). Paragraph 10.3.3.1.4.1 - The stick-fixed maneuvering stability in steady
turning flight was neutral to negative (para 29).
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RECOMMENDATIONS

51. The following recommendations are made.

a. Thf. position error data presented in figure E-110, appendix E should be

incorporated into the applicable VOLCANO mine dispensing system operator's manual
(para 45).

b. The following NOTE should be incorporated into chapter 5 of the aircraft

operator's manual (para 44):

NOTE

When operating the UH-60A configured with the VOLCANO
system at high gross weight and high airspeeds, the pilot may
encounter intermittent lateral tail pulses "Tail Shake". The
intensity of the tail shake is further aggravated by left sideslip.

c. The following NOTE should be incorporated into chapter 5 of the aircraft
operatores manual (para 46).

NOTE

The forward two-thirds of the cabin entry/ exit doors are
restricted by the VOLCANO system making the loading and
unloading of passengers and cargo more difficult. Internal
loads should be planned accordingly.

d. Installation procedures and or equipment should be developed to improve manual

installation of VOLCANO side panels (para 46b).
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APPENDIX B. DESCRIPTION

GENERAL

1. The UH-60A (Black Hawk) is a twin turbine engine, single main rotor helicopter with
nonretractable wheel-type landing gear. A movable horizontal stabilator is located on the
lower portion of the tail rotor pylon. The main and tail rotor are both four bladed, the
main rotor blades can be manually folded and two hinges on the tail boom provide for tail
pylon folding. The cross-beam tail rotor with composite blades is attached to the right
side of the pylon. The tail rotor shaft is canted 20 degrees upward from the horizontal.
Primary mission gross weight is 16,324 pounds and maximum alternate gross weight is
20,250 pounds. The proposed maximum gross weight is 22,000 pounds and the
VOLCANO configured helicopter design gross weight is 20,572 pounds. The UH-60A is
powered by two General Electric T700-GE-700 turboshaft engines having an installed
thermodynamic rating (30 minute) of 1553 shaft horsepower (shp) (power turbine speed
of 20,900 revolutions per minute) each at sea level, standard-day static conditions.
Installed dual-engine power is transmission limited to 2828 shp. The aircraft also has an
automatic flight control system and a command instrument system. The test helicopter,
UH-60A U.S. Army SIN 82-23748, was manufactured by Sikorsky Aircraft Division of
United Technologies Corporation and is a production Black Hawk equipped with the
external stores support system fixed provision mounting points. These points provide the
mounting for the VOLCANO system hardware. The main differences between the test
aircraft and a normal UH-60A are the addition of an external nose-mounted airspeed
boom and special test instrumentation (app C), and the mounting of the VOLCANO
system (figs. F-1 through F-5). A more complete description of the UH-60A helicopter
can be found in reference 4, appendix A.

XM-139 MULTIPLE MINE DISPENSING SYSTEM (VOLCANO)

2. The VOLCANO weapons system with related equipment is produced by Honeywell.
Inc. The VOLCANO is an automated. scatterable mine delivery system capable of
launching mines from host ground and air vehicles (5 ton dump and cargo trucks and the
UH-60A helicopter). The mine dispenser system is modular and consists of four majar
components: (1) mounting hardware kits. (2) four launcher racks, (3) 160 mine
canisters, and (4) a Dispenser Control Unit (DCU). Dimenuons and weights of t.hese
componetits are sunmmarized in table B-I and aircraft mounting locations are shown in
figure B-I.
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Table B-1. XM-139 Component Dimensions

Dimensions Weight
_(in.) (ib)

Component Height Length Width

UH-60A Side Panel (each) 58.5 57.25 6.25 238

Launcher Rack (each) 25.0 79.0 9.0 225
XM-87 Canisters (each) 24.0 5.0 (dia) 5
DCU 19 21.. 21 70

The mounting hardware (figs. F-6 through F-11) attaches directly to the Black Hawk
fixed provision mounting points without any aircraft modifications. This hardware accepts
up to four launcher racks (two per side) (fig. F-6), with each rack holding up to 40
individual XM-87 Mine Canisters (figs. F-8). Each canister contains a stack of five
BLU-91/B antitank mies and one BLU-92/B anti-personnel GATOR mine giving the
system a total delivery capability of 960 mines. A web assembly is interlaced between the
mines proviciing dispersion and mine arming during firing. Empty XM-87 mine canisters
capped with duct tape were used for this test. A irontal and side view of the completed
installation is shown in tigure F-/. The XM-139 DCU mounted in the cargo
compartment, is programmed by the operator with the selected dispensing speed and
mine self- destruct time. It is designed to control firing of one to four racks in a
prescribed sequence on alternating sides of the aircraft. The DCU was not installed on
the aircraft for this test. The interface control panel (fig. F-12), mounted on the center
instrument console, and the ,o-around switch, located on both pilot and copilot cyclic
controls, control the arming, firing and jettison of the launcher racks. The interface
Control panel also allows the pilot to conduct a continuity test of the jettison system. The
test aircraft was equipped with jettison, but not firing, capability. A more complete
descriptiun of the syste.:. can be found in reference 5, appendix A.

MODIFICATIONS

3. Several modifications were made to the test aircraft to accommodate ballast and
instrumentation, or for safety purposes. These modifications were not part of the
VOLCANO modifications or the standard UH-60A. Fixed ballast provisions were
mounted in the nose compartment, on either side of the engineer station, over the fuel
cells, and on the tail (figs. F-13 through F-16), A movable ballast cart (fig. F-17) was
installed to maintain constant longitudinal cg. An instrumentation package was installed in
the cargo compartment and can be seen in figures F-18 through F-22. Rotor head slip
ring assembly is shown in figures F-23 and F-24. Tail rotor slip ring assembly is shown in
figure F-25. The telemetry antenna mounted forward of the tail wheel strut is shown in
figure F-26 and the nose boom airspeed system installation is shown in figure F-27. For
safety purposes, idle stops were installed on the engine power controls as shown in figure
F-28. Drag estimates for the external items (figs. F-19, F-20. F-21 and F-22) totalled
0.883 square f-.et of equivalent flat plate area. Each item is listed below:
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Item

Medium size main rotor slip ring with cover
Nose boom
TM antennas
Main rotor instrumentation
Ambient air temperature sensor



APPENDIX C. INSTRUMENTATION

GENERAL

1. The test instrumentation was installed, calibrated and maintained by the U.S. Army
Aviation Engineering Flight Activity (AEFA) personnel. A test boom, with a swiveling
pitot-static tube and angle-of-attack and sideslip vanes, was installeu at the nose of the
aircraft (fig. F. -27, app F). Slip ring assemblies were installed on the main and tail rotor
shafts (figs. F-23 through F-25). All other instrumentation was installed inside the test
aircraft (figs. F-19 through F-22). Data were obtained from calibrated instrumentation
and displayed or recorded as indicated below.

Pilot Panel

Airspeed (boom system)
Pressure altitude (boom system)
Airspeed (ship system)
Altitude (ship system)
Altitude (radar)'
Rate of climb*
Rotor speed'
Engine torque' *
Engine turbine gas temperature (T4.5)'
Engine gas generator speed'
Control positions

Longitudinal
Lateral
Directional
Collective

Stabilator position'
Angle-of-sideslip
Center of gravity (cg) normal acceleration
CC lateral acceleration (sensitive)
Tether cable angles

Longitudinal
"Lateral

Tether cable tension

Copilot Panel

Airspeed'
Altitude'
Altitude (radar

"Ship's system
"�Both eno.2
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Rate of climb*
Rotor speed'
Engine torque*
Stabilator position*
Total air temperature*
Fuel remaining*
Ballast cart position
Event switch

Engineer Panel

Altitude
Ambient air pressure
Engine fuel flow"
Engine fuel used"
Auxiliary power unit (APU) fuel used
Total air temperature
Rotor speed (digital)
Time code display
Run number
Event switch
Instrumentation controls

2. Parameters recorded on board the aircraft in pulse code modulation format and
available for telemetry include the following:

Airspeed (boom system)
Altitude (boom system)
Airspeed (ship system)
Altitude (ship system)
Altitude (radar)
Total air temperature
Rotor speed
Engine torque"
Engine fuel flow"
Engine gas producer speed (N 1)
Engine turbine gas temperature'
Engine fuel used"
Engine fuel temperature (at fuel used transducer)"
APU fuel used
Main rotor shaft torque
Tall rotor drive shaft torque
Stabilator position
Ballast cart position
Tether cable angles

'Ship's system
"Both ef•hms
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Longitudinal
Lateral

Tether cable tension
Control positions

Longitudinal cyclic
Lateral cyclic
Directional pedal
Collective

Stability Augmentation System output positions
Longitudinal
Lateral
Directional

Control mixer input positions
Longitudinal
Lateral
Directional

Primary servo positions
Lateral
Forward
Aft

Angle of attack
Angle of sideslip
Aircraft heading
Aircraft attitudes

Pitch
Roll

Aircraft angular rates
Pitch
Roll
Yaw

Linear accelerations
CG normal
CG lateral
CG longitudinal

Time of day
Run number
Pilot event
Engineer event

3. Vibration was measured in the following locations and directions and recorded in

frequency modulation format onboard the aircraft:

Vertical pilot seat
Lateral pilot seat
Longitudinal pilot seat
Vertical copilot seat
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Lateral copilot seat
Lateral pilot floor
Vertical copilot floor
Vertical pilot instrument panel
Vertical copilot instrument panel
Center of gravity vertical
Center of gravity lateral
Center of gravity longitudinal
Horizontal stabilator

Fuselage attachment - vertical, left and right
- lateral, left and right

Tip - vertical, left and right
- longitudinal, left and right

TEST BOOM AIRSPEED SYSTEM

4. The test boom airspeed system mounted at the nose of the test aircraft provided
measurements of airspeed and altitude. Sensors for angles of attack and sideslip were
also mounted on the test boom (fig. F-27, app F). The tip of the swiveling pitot-static
tube was 68.5 inches forward of the nose of the aircraft (fuselage station 97), 26.0 inches
to the right of the aircraft reference buttline, and 5.75 inches below the forward avionics
bay floor, waterline 208.

S. The test boom airspeed system along with the ship's standard systems were calibrated
in level flight, climbs, and autorotational descents (normal utility configuration) using a
calibrated trailing bomb to determine the position error. The position error of the boom
airspeed system (normal utility configuration) is presented in figure C-1.

ENGINE CALIBRATION

6. Calibration of the engine torque sensor systems was conducted by the engine
manufacturer, General Electric. Figures C-3 and C-4 present the calibrations used to
determine engine power.

SPECIAL EQUIPMENT

Weather Station

7. A portable weather station consisting of an anemometer, sensitive temperature gauge,
relative humidity sensor and barometer, was used to record wind speed, wind direction,
ambient temperature and humidity and pressure altitude at 50 feet above ground level
during the hover performance and low airspeed handling qualities tests.
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FIGURE C-1
BOOM AIRSPEED CALIBRATION

UH-60A USA S/N 82-23748
AVG AVG AVG AVG AVG

GROSS CG LOCATION DENSITY OAT ROTC~R TEST
WEIGHT LONG LAT ALTITUDE SPEED METHOD

SYMBOL (LB) (FS) (BL) (FT) (DEG C) (RPM)
o 16860 353.5 (FWD) 0.2(LT) 7290 21.0 258 TRAILING BOMB
0 19080 361.3 ~AFT) O.2(LT) 6930 22.5 230 TRAILING BOMB

NOTE: 1. VOLCANO CONFIGURATION
2. LEVEL FLIGHT
3. BALL-CENTERED FLIGHT

o 20

J- : ......

........... . ... .. : 1....... .......

2 0 . .. ... : . .. .. .

240 4 08 0 24
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Ground .Pace Vehicle

8. Pace vehicle (provided by AEFA), with "fifth wheel" (calibrated ground speed
device) installed, was used to establish precise airspeed during low airspeed handling
qualities tests.

Load Cell

9. A load cell incorporated with the ship's cargo hook was used during tethered hover
tests. Indicators provided the copilot with cable angle and tension. Outside observers
were also used to assist in maintaining vertical alignment of the cable.
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APPENDIX D. TEST TECHNIQUES AND DATA ANALYIS METHODS

AIRCRAFT RIGGING

1. Prior to the start of testing, a flight controls rigging check was performed on the main
and tail rotors by the U.S. Army Aviation Engineering Flight Activity. The stabilator
control system was also checked to ensure compliance with the production stabilator
schedule. The rotor rigging data are presented in table D-1.

AIRCRAFT WEIGHT AND BALANCE

2. The test aircraft was weighed in both normal utility configuration and with the
VOLCANO system installed, with full oil and all fuel drained, all ballast removed, and
test instrumentation system and ballast mounting provisions installed. The initial weight of
the aircraft in normal utility configuration was 12,141 pounds with a longitudinal center
of gravity (cg) located at fuselage station (FS) 357.8 with the empty ballast cart at
FS 301. Installation of the XM-139 VOLCANO mine dispensing system side panels,
launcher racks, and 160 empty XM-88 mine canisters increased the empty weight of the
aircraft by 2200 lb to a w'eight of 14,341 lb with a longitudinal cg at FS 353.3. The fuel
weight for each performance test flight was determined by pre- and post-flight sight ga ~e
readings, fuel used instrumentation, and fuel specific gravity measurements. Aircraft cg
was controlled by a movable ballast system which was manually positioned to maintain a
constant cg while fuel was burned. The movable ballast system was a cart (2000 pound
capacity) attached to the cabin floor by rails and driven by an electrical screw jack with a
total longitudinal travel of 72.3 inches.

PERFORMANCE

General

3. Performance data were obtained using the basic methods described in Army Material
Command Pamphlet AMCP 706-204 (ref 13, app A). Level flight performance and
control positions in level flight were obtained in coordinated (ball-centered) flight.
Referred rotor speeds of 250, 258, and 265 rpm were maintained for performance tests.
Longitudinal cg was maintained nearly constant during each test flight by use of the
movable ballast cart. The data were analyzed to determine the power required difference
between the UH-60A in the normal utility configuration and the UH-60A configured with

the VOLCANO assembly in terms of charnge in equivalent flat plate area (AFe).

4. Helicopter performance was generalized through the use of non-dimensional
coefficients as follows using the 1976 U.S. Standard Atmosphere:

a. Coefficient of Power (Cp):

l = SHP(550) (1)
Q A(R)9
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Table D-1. Main and Tail Rotor Rigging Information

Main Rotor Rigging

Blade Angle1  Flight Control
Flight Control Position (deg) Position (deg)

Long Lat Coil
Coil Long Lat Pedal 0 90 180 270 Cont2  Cant3  Cont4

Dwn * * 0.8 10.0 -1.8 -9.8 -9.9 -1.3 8.8
Up 19.0 20.3 11.2 11.0 -4.6 -3.9 24.4

Dwn Aft Left * 7.0 10.0 -8.0 -9.8 -9.9 -7.5 8.8
Up Aft Left * 23.2 24.6 6.9 7.3 -8.6 -8.1 24.5

Dwn Fwd Right * -6.3 -10.5 -7.0 11.0 10.7 -0.35 5.8
Up Fwd Right 8.0 -1.5 21.4 31.8 16.6 6.7 23.9
Up Aft Left Left 22.6 26.4 7.1 4.5 10.9 7.7 24.2
• Aft Left * 14.8 19.7 -0.5 -4.5 -12.1 -7.6 16.4

Fwd Right 1.4 -9.0 13.9 24.8 16.9 6.2 16.8
10.8 1 15.2 4.9 1.0 -7.1 -2.9 17.0

Tail Rotor Rigging

Flight Control Position Blade Angle (deg)8

Collective Pedal

• Left 15.6
• Right -15.8
• * 1.0

Down * -8.0
Up 7.4
Up Left 15.0
Up Right -6.9

Down Right -16.7
Down Left 7.0

NOTES:
1Measured on the Black Blade at the cuff.
22700 blade reading minus 900 blade reading divided by 2.
31800 blade reading minus 00 blade reading divided by 2.
4Sum of all four readings divided by 4 plus 9.0 for blade root reading.
6, Indicates appropriate control was pinned at a rigged position.
WMeasured on the blue blade at the cuff.
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b. Coefficient of Thrust (CT).

GW
CT =A (2)

QA_(QR) 2

c. Advance ratio (A.):

VT(1.68781) (3)

Where:

SHP = Engine output shaft horsepower (both)

Q Ambient aft density (lb-sec 2/fr5 )
A Main rotor disc area = 2262.03 ft2

a1 = Main rotor aneular velocity (radians/sec)
R - Main rotor radius = 26.8333 ft
OW = Gross weight (lb)

VE
VT - True airspeed (kt) = 1.68781 o

550 - Conversion factor (ft-lb/sec)
1.68781 = Conversion factor (ft/sec-kt)

Qo o 0.002376892 (lb-sec2 /ftO)

5. The engine, output shaft torque was determined by use of engine torque sensors. Tile
power turbine shaft twists as a function of torque. A concentric reference shaft is secured
by a pin at the front end of the power turbine drive shaft and is free to rotate relative to
the power turbine shaft at the rear end. The relative rotation is due to transmitted
torque, and the resulting phase angle between the reference teeth on the two shafts is
picked up by the torque sensor. This torque sensor was calibrated in a test cell by the
engine manufacturer. The output from the engine torque sensor was recorded by the
on-board data recording system. The output shp was determined from the engine's
output shaft torque and rotational speed by the following equation:

SHP = 2XQ(Np) (4)

33,000

Where:

Q = Engine output shaft torque (ft-ib)
Np = Engine output shaft rotational speed (rpm)
33.000 = Conversion factor (ft-lb/min)
2X=Conversion factor (radian to revolution)

Shaft Horsepower
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6. The shp available for the T700-GE-700 engine installed in the UH-60A was obtained
from data received from U.S. Army Aviation Systems Command and presented in AEFA
Project No. 77-17 (ref 6, app A). This data was calculated using the General Electric
engine deck number 80024, dated 26 February 1981 with a power turbine shaft speed of
20,900 rpm. The Installation losses used were based on 0.25 degree Centigrade engine

inlet temperature rise in a hover, exhaust losses as obtained from the Sikorsky Aircraft
Document Number SER-70410, Revision 2, dated 8 March 1979, inlet ram pressure
recovery as obtained from the Sikorsky Prime Item Development Specification, and an
inlet temperature rise in forward flight assuming an adiabatic rise referenced to ambient.

Hover Performance

7. Hover performance was obtained by the tethered hover technique. All hover tests
were conducted in winds of less than 3 knots. Tethered hover consists of restraining the

helicopter to the ground by a cable in series with a load cell. An increase in cable
tension, measured by the load cell, is equivalent to increasing gross weight. Atmospheric

pressure, relative humidity, temperature, and wind velocity wei e recorded from a ground

weather station. All hovering data were reduced to nondimensional parameters Cp and

CT (equations 1 and 2, respectively), and grouped according to wheel height.

Climb Performance

8. A series of sawtooth climbs were flown to determine generalized climb performance.
The climb airspeed for maximum rate of climb was determined by conducting a series of

climbs at intermediate rated power and varying airspeed. The change in altitude with
time (dHp/dt), was corrected to standard temperature at the test pressure altitude by
using the following equation.

RdCrapia. d~p Tt (5)

dt -T,

Where:

drip = Slope of pressure altitude versus time curve at a given pressure

dt altitude (ft/min)

To = Test ambient air temperature at the pressure altitude at which the slope is
taken (*K)

Ts = Standard ambient air temperature at the pressure altitude at which the slope is
taken (*K)

9. Climb performance tests were conducted to determine the climb power correction
coefficient, Kp. This factor indicates the climb efficiency by comparing the actual power
required to climb to a rate of change of potential energy.

10. The climb power correction coefficient was calculated as shown below:

ARIC GW (6)
S-ASHP 33, 000
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Where:

ARlC = RIC2 - RICI

and

ASJiP = SHP@ RIC2 - SHP@ R/Ci

Level Flight Performance

11. Tests were flown in ball-centered fight by reference to the ship's turn and slip
indicators and a sensitive cg lateral accelerometer. Both the pilot's and copilot's turn and
slip indicators were checked for alignment with the aircraft positioned in a level attitude
on the ground. Each speed power was flown at a predetermined CT and referred otor
speed (NR/lr) which required also maintaining a constant ratio of gross weight to
pressure ratio (W/8). To maintain the W/6 constant, altitude was increased as fuel was

consumed. To maintain NR/lF constant, rotor speed was varied as appropriate for the
ambient air temperature. Corrections to power required were made for the installation of
test instrumentation. The power consumption for the electrical operation of the
instrumentation equipment was measured and determined to be 1.82 shp and was
subtracted from the power required data. The effects of the external instrumentation and
nonstandard aircraft equipment were estimated by the contractor to be the equivalent of
0.883 square feet of equivalent flat plate area. Equation 2 can be rearranged to show that
maintaining constant W/6 and NR/lO will also maintain a constant CT as follows:

CT = GW (91.19)

5 (NR(Y (AR 1)

6 = Pressure ratio (l 14544.1p

0= Temperature ratio = TA + 273.15
288.15

T4 = Ambient air temperature (*C)
NR = Main rotor sieed (rev/min)
91.19 = Conversion factor (sec2-rev 2/min2)

12. Each level flight data point was corrected to standard conditions for the flight by
assumnitg that C and ji are unchanged. The following cquations can then be derived from
equations 1 and 3:
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SHP = Slipt,) (P ;(R4 (8)

VTS = VTI ("VR) (9)

Where:

Subscript t = Test day
Subscript s = Standard

13. Changes in equivalent flat plate area calculated from changes in engine power
coefficient were determined using the .ollowing equation:

= AC=,p(A) (10)

A3

Where:

AF, = Change in equivalent flat plate area (ft2 )

The data obtained in the normal utility configuration and with the VOLCANO system
installed were analyzed by use of a -simulated three dimensional plot (CT and 1i versus
Cp). The reduction of this simulated three dimensional plot to a family of curves of CT
versus Cp. for cosant g value, allows determination of the power rmquired as a function
of airspeed for any value of Cr. The data obtained in both aircraft configurations were
compared to determin change in the equivalent flat plate area using equation 10.

14. The nondimensional level flight performance data in the VOLCANO configuration
define the basic performance curves (fig. E-7 through E-9). Applying the AFe technique
to the level flight performance from AEFA Project No. 83-24 to produce a consigenrt lit
to the VOLCANO configuration data (figs. E-10 thruogh E-13) required the AFC valtu
to change uith thrust coefficient and airpeed, as showm in figure D-1. The baseline AF,
shown here as a func.;en of CT applies to a kvel aircraft pitch attitudc, Which occurs at
the extrapolated airspeed of 30 KCASo Since aircraft pitch attitude varied as a function
of catibrated aispeed and was consistent for all values of CT flown (figs. E-23 and E-24).
a percentage adjustment to the hbaseline AFe could be obtaimed by cal-ulatir increase in
projec-ted frontal area of the VOLCANO s."tem resultinng from pitch attitude cdhnge.
This projected area variation was so-ely based on geometric considerations reNwking bhy
tilting a re "ingle that apfo-timated dh prepari.oa! dir.=nns .s of the- VOLCANO
systern (assurned 50 unit height and 65 unit hase). The percentage of JAF adJjusament as
a function of calibrated a4-pcd shown in fiw D-I was added to the baseline AF, usii%
the C34XVssio:
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FIGURE D-1

CHANGE IN AFe WITH AIRSPEED AND GROSS WEIGHT
UH-60A USA S/N 82-23748

NOTES: 1. VOLCANO CONFIGURATION
2. LEVEL FLIGHT
3. FORWARD LONGITUDINAL AND MID LATERAL CG
4. BALL CENTERED TRIM CONDITION
5. REFERRED MAIN ROTOR SPEED=258 RPM

BASELINE AFe OF VOLCANO INSTALLATION OVER NORMAL UTILITY
CONFIGURATION APPLIES TO LEVEL AIRCRAFT ATTITUDE. PERCENT INCREASE
IN AFe WITH AIRSPEED IS BASED ON GEOMETRIC CONSIDERATIONS AS PITCH
ATTITUDE CHANGES AND IS VALID FOR ALL THRUST COEFFICIENTS.

'7 ,..BASELINE VALUE IS VALID T... . . .. . . .....

S45 ...FOR ANAIRSPEED O F30 K CAS------ .. ..-
ZLLJ .. ....

.4 .: :......: .

35
40 50 70 80 90 100 110

COEFFICIENT OF THRUST (CTX1o4)

w 5......... .

. ... .. ...

().. .... .... .... . .. ... , . .

Luj 20- - -

I. .... 1...1

o0
20 40 60 80 100 120 140 160

CALIBRATED AIRSPEED (KNOTS)
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AP# = (1.0 + PERCENT AFe increase/lO0) AFebaselne

Autorotational Descent Performance

15. Autorotational descent performance data were obtained at various airspeeds with
constant rotor speed and at various rotor speeds with constant airspeed. With the
collective at a minimum setting to maintain 100 percent (258) rotor speed, the aircraft
was flown on reciprocal headings at each of several airspeeds to determine the airspeeds
for minimum rate of descent and maximum glide ratio. At these two airspeeds, rotor
speed was varied to determine the rotor speed for minimum rate of descent. The tapeline
rates of descent were corrected for nonstandard temperature using the following equation.

d•.p "T, (1l)-_RIDjapeline :=-dt1 Ts (

HANDLING QUALITIES

16. Handling qualities data were evaluated using standard test methods described in
Naval Air Test Center Flight Test Manual, FTM No. 105 (ref 15) with the exception of
conU ollability tests. Controllability date was obtained from time history traces of control
position, aircraft attitudes and rates. Angular acceleration was derived from angular rate.
The time to 0.63 maximum rate was measured from the initial rate build-up and the time
to maximum acceleration was measured from the start of the control input. A Handling
Qualities Rating Scale (HQRS) (fig. D-2) was used to augment pilot comments regarding
aircraft handling qualities.

VIBRATION

17. A Vibration Rating Scale (VRS) (fig. D-3) was used to augment pilot comments
relative to aircraft vibrations

DEFINITION

18. Results were categorized as shortconiustg in accordance with the follouing definition.

Shortcoming: An imperfection or maltunction occurring during the life cycle of
equipment, which must be reported and whch should be corrected to increase efficiency
and to render the equipment completely serviceable. It will not cau.w an immediate
breakdown. jývardize safe operation. or materially reduce the usability of the materal or
end product.
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APPENDIX E. TEST DATA

"FIGURE FIGURE NUMBER

Hover Performance E-1 through E-4
Climb Performance E-5 and E-6
Level Flight Performance E-7 through E-20
Autorotational Descent Performance E-21 and E-22
Control Positions in Trimmed Forward Flight E-23 through E-27
Control Positions in IRP Climb and Autorotation E-28 and E-29
Collective-Fixed Static Longitudinal Stability E-30 through E-35

Collective-Fixed Static Lateral-Directinal Stability E-36 through E-41
Maneuvering Stability E-42 through E-5 1
Dynamic Stability E-52 through E-80

Controllability E-81 through E-99
Low Speed Flight Characterisitics E-100 through E-103
Simulated Single-Engine Failure E-104 through E-109

Airspeed System Calibration E-110
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FIGURE E-1
NONDIMENSIONAL HOVER PERFORMANCE

UH-60 USA S/N 82-23748
VOLCANO CONFIGURATION

1O FT WHEEL HEIGHT

AVG
AVG REFERRED AVG

DENSITY ROTOR OUTSIDE
SYMBOL ALITUILDE SPEED AIR TEMP.

(FT) (RPM) (DEG C)
o 2570 246.6 14.5
0 2570 254.5 14.5

A2570 261.5 14.5

NOTES: 1. WHEEL HEIGHT MEASURED FROM
BOTTOM OF LEFT MAIN WHEEL

2. VERTICAL DISTANCE FROM BOTTOM OF MAIN
WHEELS TO CENTER OF MAIN ROTOR HUB 12 FT

3. TESTS CONDUCTED WITH THE AIRCRAFT
TETHERED TO THE GROUND

4. WINDS LESS THAN THREE KNOTS

1 00

.a - .. .. .. .

ta........................................... ........

00

. ...... . .,

7 0 .. .. . .. . . . ...

40

50 60 70 80 90 1OO Ito
THRUST COEFFICIENT X10
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FIGURE E-2
NONDIMENSIONAL HOVER PERFORM(ANCE

UH-60 USA S/N 82-23748
NORMAL UTILITY CONFIGURATION

10 Fl WHEEL HEIGHT
AVG

AVG REFERRED AVG
DENSITY ROTOR OUTSIDE

SYMBOL ALTITUDE SPEED AIR TEMP.
(FT) (RPM) (DEG C)

o 9840 251.1 -1.5
0 9840 258.6 -1.5
1& 9840 266.5 -1.5
+ 2880 243.0 16.5

02880 248.0 16.5
09 2880 253.5 16.5

NOTES: 1. WHEEL HEIGHT MEASURED FROM
BOTTOM OF LEFT MAIN WHEEL

2. VERTICAL DISTANCE FROM BOTTOM OF MAIN
WHEELS TO CENTER OF MAIN ROTOR HUB 12 FT

3. TESTS CONDUCTED WITH THE AIRCRAFT
TETHERED TO THE GROUND

4. WINDS LESS THAN THREE KNOTS
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50 60 70 80 90 too 110
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FIGURE E-3
NONDIMENSIONAL HOVER PERFORMANCE

UH-60 USA S/N 82-23748
VOLCANO CONFIGURATION

100 FT WHEEL HEIGHT

AVG
AVG REFERRED AVG

DENSITY ROTOR OUTSIDE
SYMBOL ALTITUDE SPEED AIR TEMP.

(FT) (RPM) (DEG C)

o 2620 247.1 15.0
0 2620 253.2 15.0

A 2620 261.5 15.0

NOTES: 1. WHEEL HEIGHT MEASURED FROM
BOTTOM OF LEFT MAIN WHEEL

2. VERTICAL DISTANCE FROM BOTTOM OF MAIN
WHEELS T0 CENTER OF MAIN ROTOR HUB 12 FT

3. TESTS CONDUCTED WITH THE AIRCRAFT
TETHERED Tfl THE GROUND

4. WINDS LESS THAN THREE KNOTS
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FIGURE E-4
NONDIMENSIONAL HOVER PERFORM4ANCE

UH-60 USA S,'N 82-23748
NORMAL UTILITY CONFIGURATION

100 Fr WHEEL HEIGHT

AVG
AVG REFERRED AVG

DENSITY ROTOR OUTSIDE
SYMBOL ALTITUDE SPEED AIR TEMP.

(FT) (RPM) (DEG C)

o 1260 251.9 4.5
0 1260 257.9 4.5

A 1260 267.3 4.5

NOTES: 1. WHEEL HEIGHT MEASURED FROM
BOTTOM OF LEFT MAIN WHEEL

2. VERTICAL DISTANCE FROM BOTTOM OF MAIN
WHEELS TO CENTER OF MAIN ROTOR HUB ` 12 FT

3. TESTS CONDUCTED WITH THE AIRCRAFT
TETHERED TO THE GROUND

4. WINDS LESS THAN THREE KK(OTS
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F IGURE E-5

CLI1MB PERFORMANCE

UH-60A USA S/N 82-23748

VOLCANO CONFIGURAT ION

AVG AVG CG AVG AVG AVG
GROSS LOCATION DENSITY OUTSIDE ROTOR
WEIGHT LONG LAT ALTITUDE AIR TEMP. SPEED
(LB) (FS) (BL) (FT) (DEG C) (RPM)

20,150 341.O(FWD) 0.2 IT 5750 1.0 258.0

2000----

1800

.. ............. . .........................

1600††††† :MAX MM RATE OF
. . . . . . . ~:LIMB A IRSPEED ... * ... . . . . -

..... ....... .... .............

. . . . . . . . . . . . . . . . . . . . . . . .

40 50 60 70 80 90 100 110

CALIBRATED AIRSPEED (KNOTS)
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FIGURE E-6

VARIATION IN RATE OF CLIMB AS A FUNCTION OF SHAFT HORSEPOWER

UH-60A USA S/N 82-23748

AVERAGE AVERAGE AVERAGE
DENSITY GROSS ROTOR
ALTITUDE WEIGHT SPEED
(FT) (LB) (RPM)

5750 20,150 258.0

NOTES: 1. TESTS CONDUCTED Al MAXIMUM RATE OF CLIMB SPEED
(6. KA) USING INTERMEDIATE RATED POWER

2. Kp 1SI C. GW 0.75
3. VOLCANO CONFIGURATION
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FIGURE E-10

LEVEL FLIGHT PERFORMANCE

UH-60 USA S/N 82-23748
VOLCANO CONFIGURATION

AVG AVG AVG AVG AVG AVGGROSS C.G. LOCATION DENSITY OUTSIDE REFERRED COEFFICIENTWEIGHT LONG LAT ALTITUDE AIR TEMP. ROTOR SPEED OF THRUST(L.B) (FS) (8t) (FEET) (DEG C) (RPM)

18020 345.8(FWD) 0.2 IT 3430 18.0 259.0 0.006932
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S0.05
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:00 114__AEFA REPORT PROJ. NO. 83-24_

20 40 60 80 100 120 140
TRUE AIRSPEED (KNOTS)
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LEVEL FLIGHT PERFORMANCE

UH-6O USA S/N 82-23748
VOLCANO CONFIGURATION

AVG AVG AVG AVG AVG AVGGROSS C.G. LOCATION DENSITY OUTSIDE REFERRED COEFFICIENT
WEIGHT LONG LAT ALTITUDE AIR TEMP. ROTOR SPEED OF THRUST

(LB) (FS) (BL) (FEET) (DEG C) (RPM)

20190 346.6(FWD) 0.2 LT 3530 13.0 257.0 0.008055
-- A
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FIGURE E-12

LEVEL FLIGHT PERFORMANCE

UH-60 USA S/N 82-23748
VOLCANO CONFIGURATION

AVG AVG AVG AVG AVG AVG
GROSS C.G. LOCATION DENSITY OUTSIDE REFERRED COEFFICIENT
WEIGHT LONG LAT ALTITUDE AIR TEMP. ROTOR SPEED OF THRUST

(L8) (FS) (BL) (FEET) (DEG C) (RPM)

19990 346.5(FWD) 0.2 LIT 7170 8.0 259.0 0.008923
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HUM L-13

LEVEL FLIGHT PERFORMANCE

UH-60 USA S/N 82-23748
VOLCANO CONFIGURATION

AVG AVG AVG AVG AVG AVG
GROSS C.G. LOCATION DENSITY OUTSIDE REfERRED COEFFICIENT
WEIGHT LONG LAT ALTITUDE AIR TEMP. ROTOR SPEED OF THRUST

(LB) (FS) (BI) (FEET) (DEG C) (RPM)

20030 346.5(FWD) 0.2 LT 9770 2.0 259.0 0.009904
i-a

0,.5
OLaJ

•'•~2 ..i. .i i i i :, !•'":: .... ff i; . i; gr•-1 ~ i:

S" i 0.05 -

0.01 '

.. . . . . ..... . .... .... .. " : _... a

3000 0

A'-J.... ........... .
•q ~~~~2600 .. .!.:_--1 ..~~-----------;I•• ii!I:-. A ••- -...
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tm 1800t-
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FIGURE E-14

LEVEL FLIGHT PERFORW~ANCE

UH-60 USA S/N 82-23748
VOLCANO CONFIGURATION

AVG AVG AVG AVG AVG AVG
GROSS C.G. LOCATION DENSITY OUTSIDE REFERRED COEFFICIENT
WEIGHT LONG LAT ALTITUDE AIR TEMP. ROTOR SPEED OF THRUST

(LB) (FS) (BL) (FEET) (DEG C) (RPM)

17750 346.8(FWD) 0.2 LT 5510 13.0 250.0 0.007940

0.15

0.10

La.. ................... .. .. .

Z; 2E .. ~.. .......... .... .... .... .. .

.i 4 '77 . . ..

La

30

CL.J

3000

IAJ1--:-1

w 2200--

180

1400--- . -- - -

-- ... CURVE DERIVED FROM
FIG. E-7 THROUGH E-9

1000 I . - I ] I
20 40 60 80 100 120 140

TRUE AIRSPEED (KNOTS)
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LEVEL FLIGHT PERFORMANCE

UH-60 USA S/N 82-23748
VOLCANO CONFIGURATION

AVG AVG AVG AVG AVG AVG
GROSS C.G. LOCATION DENSITY OUTSIDE REFERRED COEFFICIENT
%EIGHT LONG LAT ALTITUDE AIR TEMP. ROTOR SPEED OF THRUST

(LB) (FS) (BL) (FEET) (DEG C) (RPM)

19940 346.6(FWD) 0.2 LT 8720 6.0 266.0 0.008914

L 0.15-------

0.10

0 0 0 - - - - -

CL ..... .... .0.001 .. ...

Lai

.0~~3 - C3- ~ .

'0~

2600
Liii

a-a

IN w

~"1800-- I -
L.J-. --- ~.-..- . CURVE DERIVED FROM

1400 -.-- - - - - -FIG. E-7 THROUGH E-9

1000 TV34±Hi1.__
20 40 60 80 100 120 140

TREAIRSPEED (KNOTS)



FIGURE E-16

LEVEL FLIGHT PERFORMANCE

UH-60 USA S/N 82-23748
VOLCANO CONFIGURATION

AVG AVG AVG AVG AVG AVG
GROSS C.G. LOCATION DENSITY OUTSIDE REFERRED COEFFICIENT
WEIGHT LONG LAI ALTITUDE AIR TEMP. ROTOR SPEED OF THRUST

(LB) (FS) (BL) (FEET) (DEG C) (RPM)

17780 347.O(FWD) 0.2 LT 4110 5.0 266.0 0.006927
-. 0
La

0.15

a.. ............

uj cý.... .... ....1. .. V.. . .... ...

cz -- - - - - - -

2 ~. . ......... ................ .. . . .

05.......I

0.0

La.J

xQ

Lad

:w... IG a7 THROUG E-V0

3000 fjii dL ±:
20I 40 60 80. .00.20 .4

- ~ ~ ~ .. .R.E AISPE.(NOS
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FIGURE E-17

LEVEL FLIGHT PERFORMANCE

UH-60 UiSA S/N 82-23748
VOLCANO CONFIGURATION

AVG AVG AVG AVG AVG AVG
GROSS C.G. LOCATION DENSITY OUTSIDE REFERRED COEFFICIENT
WEIGHT LONG LAI ALTITUDE AIR TEMP. ROTOR SPEED OF THRUST

(LB) (FS) (81) (FEET) (DEG C) (RPM)

16320 357.3 0.2 LT 5430 7.0 258.0 0.006984

0.10 -

u- K..

.. ... .. .

C.

n 20.00.-.::

-b. in.

--44
2800--

8400- I II

V7 200 40. 608*1012

-~UV TRU AIRSPEE D (KSOTS
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FIGURE E-18

LEVEL FLIGHT PERFORMANCE

UH-60 USA S/N 82-23748
VOLCANO CONFIGURATION

AVG AVG AVG AVG AVG AVG
GROSS C.G. LOCATION DENSITY OUTSIDE REFERRED COEFFICIENT
WEIGHT LONG LAT ALTITUDE AIR TEMP. ROTOR SPEED OF THRUST

(LB) (FS) (BL.) (FEET) (DEG C) (RPM)

20170 358.1 0.2 IT 6450 4.0 259.0 0.008932
-. 4

LO.0.15 
-- - - -

...............

4 .0.10. . . . . . .... . . .

0.0 ... ... ... . .

. ... . .... . . .

0.00 _I _

- - - - - -- -I-- - - - -

30

JQ.J

~Lbi
3000 .. I~

-7 -7- - -..- -..-..

2600 ------------------- /-V

tn.. ..
S2200- ...

cc DASH LINE DERIVED FROM
FIG. E-7 THROUGH E-9

9A 1800 A.,". I+

S~l0

1400
.CURVE IS DERIVED USING
DASHED LINEWITH hFo=-7,0 SO. FT.

1000 i L.1 111i-i
20 40 60 80 100 120 140

TRUE AIRSPEED (KNOTS)
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LEVEL FLIGH4T PERFORMAANCE

UH-60 USA S/N 82-23748
NORMAL UTILITY CONFIGURATION

AVG AVG AVG AVG AVG AVG
GROSS C.G. LOCATION DENSITY OUTSIDE REFERRED COEFFICIENT
WEIGHT LONG LAT ALTITUDE AIR TEMP. ROTOR SPEED OF THRUST

(LB) (FS) (BL) (FEET) (DEG C) (RPM)

17530 346.7(FWD) 0.1 RI 3320 9.0 259.0 0.006936

V) 0.15..... .

0i0 -L- - I - s .. .. . . . .-.. . . . . . .

cn 0.05--------

30

00 &

3 2000-- - - - - -

220

1400 ---------- --

- 1000 Adj
40 60 80 100 120 140 160

TRUE AIRSPEED (KNOTS)
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FIGURE E-20

LEVEL FLIGHT PERFORMANCE

UH-60 USA S/N 82-25748
NORMAL UTILITY CONFIGURATION

AVG AVG AVG AVG AVG AVGGROSS C.G. LOCATION DENSITY OUTSIDE REFERRED COEFFICIENT
WEIGHT LONG LAI ALTITUDE AIR TEMP. ROTOR SPEED OF THRUST(L8) (FS) (BL) (FEET) (DEG C) (RPM)

17970 347.4(FWD) 0.1 RT 9900 2.0 260.0 0.008853

-a c

0.20----- ~ 1.-i-77-

-an 0.1 0--.- . ..... --ce..a. ..... .... :.t:tjL
.. . ....... ... .................. E

LL 0.05

Z: 2!.. 11F f ... ..
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n I .DTA NOT AVAILABLE

3000f

2600 - -

Lai

220

C CU RVE DRIVED FROM
CA AErA REPORT PRO). NO. 83-2418001.

1400 --

1000 ~tzI~3~tBBiBi
40 60 80 100 120 140 160

1 RUE AIRSPEED



AUTOROTAT IONAL DESCENT PERFORMANCE

UH-60A USA S/N 82-23748

VOLCANO CONF IGURAT ION

AVG AVG CG AVG AVG AVG
GROSS LOCATION DENSITY OUTSIDE ROTOR
WEIGHT LONG LAT ALTITUDE AIR TEMP. SPEED
(LB) (FS) (BL) (FT) (DEG C) (RPM)

19,500 347.4(FWD) 0.2 LT 5000 -6.5 258.0

4200 -- - - - - - - - -

3800 
wt 

- -

3400 T .

LL.

Lin

2600 - - - -

- -- . MAX IMUM GLIDE

... D'ISTANCIE AIRSPEED*

2200-rI
MINIMUM RATE OF
DESCENT AIRSPEED

1400

20 40 60 80 100 120 140 160
CALIBRATED AIRSPEED (KNOTS)
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FIGURE E-22

AUTOROTATIONAL DESCENT PERFORMANCE
UH-60A USA S/N 82-23748

VOLCANO CONF IGURAT ION

AVG AVG CG AVG AVG AVG
GROSS LOCATION DENSITY OAT CALIB

SYMBOL WEIGHT LONG LAT ALTITUDE AIRSPEED
(LB) (FS) (BL) (FT) (DEG C) (KT)

o 19330 345.0(FWD) 0.2 LT 5200 -6.5 73.0
o 19700 346.5(FWD) 0.2 LT 5400 1.0 93.0

3400 s: ' l t a 1... .

3200 :::-

3000 - -....- -

'2800------- --

- - - -

2600 :di"l"ll"

LAJ- 2600 . ".

:llj i . • F '
-- 2400o-- --- - 7

2000

220 i30 240 250 260 270 280 230
MAIN ROTOR SPEED (RPM)
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FIGON E-23
CONTROL POSITIONS IN TRIMMED FORWARD FLIGHT

L14-60A USA 54' 82-23748

AVG AVG Avg AVG AVG AVO TRN
CRS OLOCATION 0(14511 OAT ROT&A TIRUM PU10h A IROLCI

511 OG LAT AITITLEC SPED COOTF. CONDITIION CCWIQSATION
(Is) (F'S) (SI.) (71) (DEC C) (Mu)

1802 343.8(FM) 0.2 3430 18.0 281 .008332 LEvL VOLCMN

iOTC: PBA WEIEfD AND ELECTRICALLY WIEPACOMEI

'-1 r I - ff1.

40 t-t-"t.iih

lto

41

;AA

a# toi -7
- a0 O90 )2UCIV WWI RAVE '.a t

CSJA1 a na2 (1t4



F IGIM E-24
CONTROL POSITIONS IN TRIMMED FORWARD FLIGHT

Wi-60A USA S/N 82-2374.8

AVG AVG AVG AVG AVG AVG TRIM
0-MS CG LOCATION DENSITY OAT ROTOR THRUST FLIGHT AIRCRAFT
WEIGT LUNG LAT ALTITLIDE SPEED COOTF. CONDITION COWICURATION

(LB) (FS) (BL) (FT) (DEG C) (RPM)

1"90S 346.3(FID) 0.2 7t7O 8.0 235 .008923 LEVEL VOLCANO

NOTE: PBA C041M AND ELECiRICALLY DISCONNECTED

20

40

20
cc

10

S 0~

4 5-

10oTTLCLETV ONRLTAE NE

0

A L

OTACO1LLEC TIVE (A CONTROL TRAVEL,=1 2. INCIE3

to
7 0 4 0 8 10 10 4 ~
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F ICUR E-25
CCUNTROL POSITIONS IN TRIMMED FORWARD FLIGHT

I.M-60A USA S/N 82-23748

AVG AVG AVG AVG AVG AVG TRIM
toOS g LOCATION OONS I TY OAT ROTOR THRUST FLIGHT AIRCRAFT

IIT LOG LAT ALIITLEE SK~ED COEUT. CONIMTION CONFIGURATION
(LB) (FS) (OL.) (FT) (DEC C) (RPM)

16320 357.3 0.2 5430 7.0 254 .006964 LEVEL VOLCANO

NOTE: PGA, CENTERE tjO ELECTRICALLY DISCONNECTED

10

20-

40 :1:-v r:i j jN E
0

4 5

IQIAL CLLETIVEL COkRML TRAVEL . 4m1 tWWSt

5

TOtAL DcIRFC'IOAL CO1XTR TRAVL . I0N2CHES-
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FICLOE E-20

CONTROL POSITIONS IN TRIMIMED FORWARD FLIGHT
LW460A USA S/N 112-23748

AVG AVG AVG AVG AVG AVG TRIM
OOS CC LOCATION DENS ITY OAT ROTOR THRUST FLIGHT AIRCRAFT

m fGH LONG LAY ALTITUDE SPE COEFF. CONDITION COWICURATION
(LB) (Fs) (BL) (FT) (DEo C) (RP)

20170 358.1(AFT) 0.2 6450 4.0 254 .008932 LEVEL VOLCANO

NOTE: PBA CENTERE AND ELECTRICALLY DISCONNECTED

20

-20
IL

aM4

to 7ErTr7uu
10$

-13

10TOTAL COLLCTIVE . CONTROL TRVEL z 5.a INM(
;:1 A 'iI U-

4 4 H

TOTAL OtRECITONkAL DONTftOI TRAYVEL * .0 INTSM

1+'~
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F IGCUE E-27
CONTROL POSITIONS IN TRIMMED FORWARD FLIGHT

"L4OA LISA S/N 82-23748

AVG AVG AVG AVG AVG AVG TRIM
GROSS CC LOCATION DENSITY OAT ROTOR1 TRS FLIGHT AIRCRAFT
WE ;GNT LONG LAT ALTITUDE SPEED COFP CONITION CONFI0MTION
41I) (FS) (BL) (FT) (DCE C) (RP)

17970 347.4(FUD) 0.1 1900 2.0 253 .D08M LEVEL NMAL UTILITY

NOTE* PGA CIEN1ER WI ELECTRICALLY 0 1SCONIECTED

10 .. .. ... ... I I I

r,20 TTiT
4L oF

.444

I0

TOTAL COLLECTIVE CONTROL TRAVEL 9.11 iNc

TOTAL DIRECT,1ONAL - ONTROL. TRAVEL *5-0 0110

- TOTAL LATERAt COCI4IL TRAVC1, * t0 INM~

TOVAL LOWItDIKAI WONTWLO t8.AV.t 1 0. 2N
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FIOLIRE E-28
CONTROL POSITIONS IN TRIMMED FORWARD FLIGHT~

IM-GOA LISA S/N 32-23744

AVG AVG AVG AVG AVG TRIM
GROSS Cc LOCATION4 CEST AT RIA FLIGHT AIRCRAT

rEo"NT LONG LAT rL 6TIRVE NO, CONDITION CONIFiQMRA71ON
(Ii) (75) (80) (FT) (DEC C) (RPM)

20030 34a.3(1113) 0.2 8180 11.5 251 IRP CLIO VOLCAN

NOTE: PUA CENTERED AM ELECTRICALLY DISCONNECTED

S~O

40

-20

t.

-10

-d .:I1A1.11
-7 I

t~ - '- . - F

L i

TOTAL COLECTIVEN CONTROL TRAVEL 9 .2 INCHES
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FIOUIR E-29
CONTROL POSITIONS IN TRIMMED FORWARD FLIGHT

U4-4G USA SAI 112-23748

AVG AVG AVG AVG AVG TRIM
CmOS 0G LOCATION DSIY OAT ROTOR FLIGHT A IRCRAFTWEIGHT LowG LAY ALTTIVOE SPEED COND)I IICN CONICIGRATION
(LB) (M3) (80. (FT) (DCE C) (RPMi)

11M4 346.6(FUD) 0.2 $010 10.5 257 AUTOD CEN~T VOLCANO

NOTE: P9A CENTERED AND ELECTRICALLY 0 1SCONNECTED

20 :: : ;i- iiý.: U -- ': .

"~~ 10 w-III1 1 A I 1 111: 1:I

20

20

IL

20

I~:: Fl II~fi~~I I

-J--

TOTAL COLECTIVEMA C~4ONTROLl WVL 9. 0 NPME

IE11 s
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FIGURE E-ZO
COLLECTIVE FIXED STATIC LONGITUDINAL STABILITY

UHI-6OA USA S/N 82-23748
AVG AVG AVG AVG AVG TRIM TRIM
GROSS CG LOCATION DENSITY OAT ROTOR CALIBRATED FLIGHT
WEIGHT LONG LAT ALTITUDE SPEED AIRSPEED CONDITION

SYMBOL (LB) (FS) (0L) (FT) (DEG C) (RPM) (KTs)
0 16850 359.4 0.2 5750 5.0 259 67 LEVEL
0 16580 358.4 0.2 5870 5.5 259 100 LEVEL

NOTE: 1. VOLCANO CONFIGURATION
2. SHADED SYMBOLS DENOTE TRIM POINTS
3. PDA CENTERED AND ELECTRICALLY DISCONNECTED

* ~ 20

40

0~0

-o I

TOTAL DIAETIONAL CONTROL TRAVEL - 510 6 INCHES

4 . .. ----

TOTAL LANGTER OAL CONTROL TRAVEL 10. 2 INCHES

im,.4 -lilt 12411.4 14( 1.. U4k111 4 1.4 II t 111HIM 1$.44 HIM 44 !3 4.4IM

t.Z~~ 3 WElilt

40 il0 60 70j 80 90 0 8 9 01 101illffillll
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COLLECTIVE FIXED STATIC LONGITUDINAL STABILITY
UH-60A USA S/N 82-23748

AVG AVG AVG AVG AVG TRIM TRIM
GROSS CO LOCATION DENSITY OAT ROTOR CALIBRATED FLIGHT
WEIGHT LONG LAT ALTITUDE SPEED AIRSPEED CONDITION

SYMBOL (LB) (FS) (BL) (FT) (DEG C) (RPM) (KTS)
o 20520 359.3 (AFT) 0.2 4970 11.5 258 66 LEVEL
o 20710 359.9 (AFT) 0.2 5250 11.0 256 112 LEVEL

NOTE: 1. VOLCANO CONFIGURATION
2. SHADED SYMBOLS DENOTE TRIM POINTS
3. PBA CENTERED AND ELECTRICALLY DISCONNECTED

"20

iloj 10
0

• 1O
2 ,

KS-

TOTAL DIRECTIONAL CONTROL TRAVEL 5.6 INCHES4
_ -_i

7. 
.- - 1

I2 I

TOTALLATE ALICONROLTR AVEI 1. INCHES)

........ -tin

1t 1'5t all~ it wr U 4 -A-M U41 11

mg I ~ Hip V fit44

CAIRTDIItED KOS
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FIGURE E-32
COLLECTIVE FIXED STATIC LONGITUDINAL STABILITY

UH-60A USA S/N 82-23748
AVG AVG AVG AVG AVG TRIM TRIM

GROSS CO LOCATION DENSITY OAT ROTOR CALIBRATED FLIGHT
WEIGHT LONG LAT ALTITUDE SPEED AIRSPEED CONDITION
(LB) (FS) (BL) (FT) (DEG C) (RPM) (KTS)

16800 559.2 0.2 8850 5.5 255 96 IRP CLIMB

NOTE: 1. VOLCANO CONFIGURATION
2. SHADED SYMBOLS DENOTE TRIM POINTS
3. PDA CENTERED AND ELECTRICALLY DISCONNECTED

20

0
*CH

20

0-

_j0 jTYL tAT CNTRL TRYL 10.0 IN

4-

3 ii. LON . S h .nn .

55 60 08 90100110 120ll
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vr uwuna LI-j'

COLLECTIVE FIXED STATIC LONGITUDINAL STABILITY

AVG AVG AVG AVG AVG TRIM TRIM
GROSS CG LOCATION DENSITY OAT ROTOR CALIBRATED FLIGHT

WEIGHT LONG LAT ALTITUDE SPEED AIRSPEED CONDITION
(LB) (FS) (BL) (FT) (DEG C) (RPM) (KTS)

20490 359.4 (AFT) 0.2 5590 12.0 258 81 IRP CLIMB

NOTE: 1. VOLCANO CONFIGURATION
2. SHADED SYMBOLS DENOTE TRIM POINTS
3. PBA CENTERED AND ELECTRICALLY DISCONNECTED

4C-0

G- 20

S 10

0

O-a
z10

TTL DIR CNTRL TRVL 5.6 IN
...." - 4E

3

O-.. 2

TTL LAT CNTRL TRVL 10.0 IN

I1. it liftd1  U

5
Z-J

6TTL LONG CNTRL TRVL 10.2 INu.,_ 6

S 4

3

5060 70 80 90 100 110 120
CALIBRATED AIRSPEED (KNOTS)
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FIGURE E-34
COLLECTIVE FIXED STATIC LONGITUDINAL STABILITY

-U-60A USA S/N 82-23748
AVG AVG AVG AVG AVG TRIM TRIM

GROSS CG LOCATION DENSITY OAT ROTOR CALIBRATED FLIGHT
WEIGHT LONG LAT ALTITUDE SPEED AIRSPEED CONDITION

(LB) (FS) (9L) (FT) (DEG C) (RPM) (KTS)

16680 358.7 0.2 5640 5.5 259 78 AUTO DESCENT

NOTE: 1. VOLCANO CONFIGURATION
2. SHADED SYMBOLS DENOTE TRIM POINTS
3. PBA CENTERED AND ELECTRICALLY DISCONNECTED

__l 20 DATA NOT AVAILABLE

4 10

0

4TTL DIR CNTRL TRVL 5.6 IN5(- -- M WEI I-- '

0I• -, 2Wz
0HUI

TTL LAT CNTRL TRVL 10.0 IN

Oj M:.' ~ lll fl;
'--at-

&TTL M IG nNTRL TRVL 10.2 IN

o LI; -,-v A ,f-:
t-41, t.. M Ii

4-

50 60 70 80 90 100 110 120
CALIBRATED AIRSPEED (KNOTS)
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COLLECTIVE FIXED STATIC LONGITUDINAL STABILITY
UH-GOA USA S/N 82-25748

AVG AVG AVG AVG AVG TRIM TRIM
GROSS CG LOCATION DENSITY OAT ROTOR CALIBRATED FLIGHT
WEIGHT LONG LAT ALTITUDE SPEED AIRSPEED CONDITION
(19) (FS) (91) (FT) (DEG C) (RPM) (KTS)

20190 358.5 (AFT) 0.2 4950 15.0 260 77 AUTO DESCENT

NOTE: 1. VOLCANO CONFIGURATION
2. SHADED SYMBOLS DENOTE TRIM POINTS
3. P9A CENTERED AND ELECTRICALLY DISCONNECTED

-a 20

40 ....

0

TTL DIR CNTRL IRVL 5.6 IN

Ic.--" 4ji If

oz 2

TTL LAT CNTRL. TRYL =10.0 IN

AF ~ P 1iaI,11H 14 MLil ikI~iP I
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%0 50 607080o 90 100 110 120
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FIGURE E-38
STATIC LATERAL-DIRECTIONAL STABILITY

UH-60A USA S/N 82-23748
AVG AVG AVG AVG AVG TRIM TRIM

GROSS Co LOCATION DENSITY OAT ROTOR~ CALIBRATED FLIGHT
WEIGHT LONG LAT ALTITUDE SPEED AIRSPEED C3NITION

SYMBL (16) (FS) (BL) (FT) (DEG C) (RPM) (KTS)
0 16910 359.5 0.2 5040 6.5 259 66 LEVEL
0 18860 358.6 0.2 8080 7.0 258 116 LEVEL

NOTE: 1. VOLCANO CONFIGURATION
2. SHADED SYMBOLS DENOTE TRIM POINTS
3. PGA CENTERED AND ELECTRICALLY DISCONNECTED

200

40 2

' ~~20P

w 1 0 O
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STATIC LATERAL-DIRECTIONAL STABILITY
UH-60A USA S/N 02-23743

AVG AVG AVG AVG AVG TRIM TRIM
GROSS CG LOCATION DENSITY OAT ROTOR CALIBRATED FLIGHT
WEIGHT LONG LAT ALTITUDE SPCED AIRSPEED CONDITION

SYMBOL (LB) (FS) (BL) (FT) (DEG C) (RPM) (KTS)
ol 1,99m 357 4 0..2 4990 lE.O 259 67 LEVEL
o 20230 558.5(AFT) 0.2 4900 12.C 257 114 LEVEL

NOTE: 1. VOLCANO CONFIGURATION
2. SHADED SYMBOLS DENOTE TRIM POINTS
3. PSA CENTERED AND ELECTRICALLY DISCONNECTED

±~ 0 DATANOAVIBL

-1-10

4

TOTAL LONGTER IAL CONTROL TRA VEL 10.2 INCHES
Kb j ifbtip; W ~ a ~,
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LEFT RIGH-T LEFT RIGHT
SIL'ESLIP ANGLE (DEG)

76i



FIGURE E.-38
STATIC LATERAL-DIRECTIONAL STABILITY

UH-60A USA S/N 82-23748
A4VG AVG AVG AVG AVG TRIM TRIM

GROSS CG LOCATION DLNSITY OAT ROTOR CALIBRATED FLIGI{1WEIGHT LONG LAT ALTITUDE SPEED AIRSPEED CONDITION
(LB3) (FS) (BL) (FT) (DEG C) (RPM) (KTS)

16690 358.8 0.2 6000 6.5 257 95 IRP CLIMB

NOTE: 1. VOLCANO CONFIGURATION
2. SHAD~ED SYMEO0LS DENOTE TRIM POINTS
3. PBA CENTERED AND ELECTRICALLY DISCONNECTED

~ 0
4KCflZ

20

~-14
10

0 U. TTL LONG CNTRL TRVL 10.2 IN

0 j .- L. 21H±ha

TTL LAT CNTRI. TRVL -~10.0 IN

6

4t

2

TTL DIR CidiRll TRVL 5.6 IN

~ 2

~ 30 20 10 0 10 20 30

LEFT RIGHT
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FIGURE E-39
STATIC LATERAL-DIRECTIONAL STABILITY

UN-60A USA S/N 82-23748
AVG AVG AVG AVG AVG TRIM TRIM

GROSS CG LOCATION DENSITY OAT ROTOR CALIBRATED FLIGHT
WEIGHT LONG LAT ALTITUDE SPEED AIRSPEED CONDITION

(LB) (FS) (BL) (FT) (DEG C) (RPM) (KTS)

20480 359.0 (AFT) 0.2 6160 15.5 257 81 IRP CLIMB

NOTE: 1. VOLCANO CONFIGURATION
2. SHADED SYMBOLS DENOTE TRIM POINTS
3. PFA CENTERED AND ELECTRICALLY DISCONNECTED

a

20 ...

o-• 0
CL

• 0

T L LONG CNTRL TRVL 10.2 IN*c--'-• 6 lEr - ,jU

Z--Jb.J

oz

Z TL LAT CNTRL TRVL 10.0 IN

_o-,,- 8

_ _j

--------

.- _

CJ 2

TIL DIN CNTRL TRVL 5.6 IN

3• ,0 20 10 0 SO 20 310
LEFT R iGHT"

SIDESLIP ANGLE (DEG)
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FIGURE E-40

STATIC LATERAL-DIRECTIONAL STABILITY
UH-60A USA S/N 82-23748

AVG AVG AVG AVG AVG TRIM TRIM
GROSS CG LOCATION DENSITY OAT ROTOR CALIBRATED FLIGHT
WEIGHT LONG LAT ALTITUDE SPEED A!RSPEED CONDITION

(LB) (FS) (BL) (FT) (DEG C) (RPM) (KTS)

16500 358.1 0.2 6190 6.0 260 78 AUTO DESCENT

NOTE: 1. VOLCANO CONFIGURATION
2. SHADED SYMBOLS DENOTE TRIM POINTS
3. PBA CENTERED AND ELECTRICALLY DISCONNECTED

20

40

±• 0

40 Z

cn 20 i

0
10 me=

-JO TTL LONG CNTRL TRVL= 10.2 IN
SLA

L& 2
0 z

TL 0 AT CNTRL TRYL 10.0 IN
o-~ 8

_ 2

TTL DIR CNTRL TRVL =5.6 IN

L-Cl

30 20 10 0 10. 20 30
LEFT RIGHTSIDESLIP ANGLE (DEG)
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r I U,,iL L41

STATIC LATERAL-DIRECTIONAL STABILITY
UH-60A USA S/N 82-23748

AVG AVG AVG AVG AVG TRIM TRIM
GROSS CG LOCATION DENSITY OAT ROTOR CALIBRATED FLIGHT
WEIGHT LONG LAT ALTITUDE SPEED AIRSPEED CONDITION

(LB) (FS) (BL) (F7) (DEG C) (RPM) (KTS)

20070i 357.8 (AFT) 0.2 5900 15.0 260 77 AUTO DESCENT

NOTE: 1. VOLCANO CONFIGURATION
2. SHADED SYMBOLS DENOTE TRIM POINT5
3. P9A CENTERED AND ELECTRICALLY DISCONNECTED

~20

0

2 0 ...........

-w c 10

4

~10

6 TL O0NG CNTRL TRVL 10.2 IN

u 2

TTL LAT CNTRL TRVL 10.0 IN

!~ 2•o:80
""TTL DIR CNTRL TRVL =5.6 IN

z•- 6

O 0

"-• 30 20 10 0 10 20 30
LEFT RIGHT

I SIDESLIP ANGLC (DEG)
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FIGURE E-42
MANEUVERING STABI LITY

COLLECT I VE-F I XED TURNS
UH-60A USA S/N 82-23748

AVG AVG AVG AVG AVG TRIM TRIM
GROSS CG LOCATION DENSITY OAT ROTOR CALIBRATED FLIGHT

SYMBOL WEIGHT LONG LAT ALTITUDE SPEED AIRSPEED CONDITION
(LB) (FS) (BL) (FT) (DEG C) (RPM) (KTS)

0l 16190 356.9 0.2 6650 9.5 261 46 LEVEL FLIGHT
0 16070 356.4 0.2 6670 9.5 259 47 LEVEL FLIGHT

NOTE: 1. VOLCANO CONFiGURATION
2. PDA CENTERED AND ELECTRICALLY DISCONNECTED
3. SHADED SYMBOLS DENOTE TRIM POINTS
4. 0 LEFT TURNS
5. 0 RIGHT TURNS

0-
S20

3HE

-Jo=•,,

La..

4

:1. o c)

xft

0-T

53

TOTA.L.LONG ITUD INA L CONTROL TRAVEL 10.2 INCHES

zZ 7

Im-

4..

0.8 1.0 1.2 1.4 1.6 1.8 2.0
NORMAL ACCELERATION (g)
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FIGURE E-43
MANEUVERING STAB I LITY

COLLECTIVE-F I XED TURNS
UH-60A USA S/N 82-23748

AVG AVG AVG AVG AVG TRIM TRIM
GROSS CG LOCATION DENSITY OAT ROTOR CALIBRATED FLIGHT

SYMBOL WEIGHT LONG LAT ALTITUDE SPEED AIRSPEED CONDITION
(IB) (FS) (BL) (FT) (DEG C) (RPM) (KTS)

0l 16900 359.5 0.2 5900 10.0 259 86 LEVEL FLIGHT
0 16690 358.8 0.2 6630 9.0 259 86 LEVEL FLIGHT

NOTE: 1. VOLCANO CONFIGURATION
2. PBA CENTERED AND ELECTRICALLY DISCONNECTED
3. SHADED SYMBOLS DENOTE TRIM POINTS
4. 0l LEFT TURNS
5. 0 RIGHT TURNS

0.

ILP. 0
OZWO

__" 20
20

l--in 40

TOTAL LATERAL CONTROL TRAVEL = 10.0 INCHES

° 4
oz

-J3

TOTAL LONGITUDINAL CONTROL TRAVEL 10.2 INCHES

I7

2_- 6

4

3

0.8 1.0 1.2 1.4 1 .6 1.8 2.0
NORMAL ACCELERATION (g)
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FIGURE E-44
MANEUVERING STABILITY
COLLECTIVE-F IXED TURNS

UH-60A USA S/N 82-23748
AVG AVG AVG AVG AVG TRIM TRIM

GROSS CG LOCATION DENSITY OAT ROTOR CALIBRATED FLIGHT
SYMBOL WEIGHT LONG LAT ALTITUDE SPEED AIRSPEED CONDITION

(LB) (FS) (BL) (FT) (DEG C) (RPM) (KTs)
0 16480 358.0 0.2 6880 8.5 259 116 LEVEL FLIGHT'
0 16340 357.4 0.2 6740 9.0 262 116 LEVEL FLIGHT

NOTE: 1. VOLCANO CONFIGURATION
2. PBA CENTERED AND ELECTRICALLY DISCONNECTED
3. SHADED SYMBOLS DENOTE TRIM POINTS
4. 0 LEFT TURNS
5. 0 RIGHT TURNS

20 b

CL

c40

S TOTAL LATERAL CONTROL TRAVEL 10.0 INCHES

6
_j U = M

L&.j

4IM

TOTAL LONGITUD~INAL CONTROL TRAVEL 10.2 INCHLS
-8 m

z~ 7

5 q

4

47.n

2
0.8 1.0 1.2 1.4 1.6 1.8 2.0

NORMAL ACCELERATION (g)
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FIGURE E-45

MANEUVERING STAB ILITY
COLLECTIVE-F IXED TURNS

UN-60A USA S/N 82-23748
AVG AVG AVG AVG AVG TRIM TRIM

GROSS CG LOCATION DENSITY OAT ROTOR CALIBRATED FLIGHT
SYMBOL WEIGHT LONG LAT ALTITUDE SPEED AIRSPEED CONDITION

(LB8) (FS) (8BL) (FT) (DEG C) (RPM) (KTS)
El 20590 359.3 (AFT) 0.2 6340 4.5 259 43 LEVEL FLIGHT
0 20330 358.6 (AFT) 0.2 6310 4.5 259 46 LEVEL FLIGHT

NOTE: 1. VOLCANO CONFIGURATION
2. PSA CENTERED AND ELECTRICALLY DISCONNECTED
3. SHADED SYMdBOLS DENOTE TRIM POINTS
4. E0 LEFT TURNS
5. 0 RIGHT TURNS

a -

S20

T OTAL LATERAL CONTROL TRAVEL 10.0 INCHES

-a 6

40 4

....... 1 Hitll0 1HI.11

z0 7
I llt il

(n6 
t 1

1111 HI Ii 1111 1111 11
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L. 2
0.8 1.0 1.2 1.4 1.6 1.8 2..0

NORMAL ACCELERATION (g)
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FIGURE E-46

MANEUVERING STABI LITY
COLLECTIVE-F IXED TURNS

UH-60A USA S/N 82-23748
AVG AVG AVG AVG AVG TRIM TRIM

GROSS CG LOCATION DENSITY OAT ROTOR CALIBRATED FLIGHT
S"I'M8OL WEIGHT LONG LAT ALTITUDE SPEED AIRSPEED CONDITION

(ILB) (FS) (BL) (FT) (DEG C) (RPM) (KTS)
O 20670 359.6 (AFT) 0.2 6200 4.5 258 86 LEVEL FLIGHT
0 20330 358.6 (AFT) 0.2 6190 4.5 260 86 LEVEL FLIGHT

NOTE: 1. VOLCANO CONFIGURATION
2. PBA CENTERED AND ELECTRICALLY DISCONNECTED
3. SHADED SYMBOLS DENOTE TRIM POINTS
4. 0 LEFT TURNS
5. 0 R IGHT TURNS

CL

S TOTAL LATERAL CONTROL TRAVEL 10.0 INCHES

6

09

U-_ 6

-J~ I:1 film.

'-Blio TOTAL LGIU INAL CONO TRA41 L 10.2 INC1ES
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111000 l11AM9Illf IIIIliil
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FIGURE E-47
MANEUVER ING STABILITY
COLLECTIVYE-F IXED TUR~NS

UN-60A USA S/N 82-23748
AVG AVG AVG AVG AVG TRIM TRIM

GROSS CG LOCATION DENSITY OAT ROTOR CALIBRATED FLIGHT
SYMBOL WEIGHT LONG LAT ALTITUDE SPEED AIRSPEED CONDITION

(LB) (FS) (BL) (FT) (DEG C) (RPM) (KTS)
El 19870 357.2 0.2 6280 4.0 259 107 LEVEL FLIGHT
0 19720 356.7 0.2 6370 4.0 259 106 LEVEL FLIGHT

NOTE: 1. VOLCANO CONFIGURATION
2. PBA CENTERED AND ELECTRICALLY DISCONNECTED
3. SHADED SYMBOLS DENOTE TRIM POINTS
4. 0- LEFT TURNS
5. 0 RIGHT TURNS

S20

** 7 OTLLTRLCONTROL TRAVEL 10.0 INCHES

'10WIRI 41. Iii 1tjkIM141fll til

'Ifffl P~~

_jIn t- I

_j0 f MPH I f 10111 1111 11 14 j Rj j - I!!Li!l

1ý_ ~ ~ ~ ~ ~ HIA ACCiLERATION (g)IIliIM11HMO 1
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FIGURE E-48

MANEUVERING STAB ILITY
COLLECTIVE-F IXED TURNS
UH-60A USA S/N 82-23748

AVG AVG AVG AVG AVG TRIM TRIM
GROSS CG LOCATION DENSITY OAT ROTOR CALIBRATED FLIGHT

SYMBOL WEIGHT LONG LAT ALTITUDE SPEED AIRSPEED CONDITION
(LB) (FS) (at) (FT) (DEG C) (RPM) (KTS)

o3 16800 358.4 0.2 5320 11.0 259 67 LEVEL FLIGHT
o 16440 357.8 0.2 5160 11.0 260 70 LEVEL FLIGHT

NOTE: 1. VOLCANO CONFIGURATION
2. PBA CENTERED AND ELECTRICALLY DISCONNECTED
3. SHADED SYMBOLS DENOTE TRIM POINTS
4. El LEFT TURNS
5. 0 RIGHT TURNS

R a-

020

4-00

~ OTAL LATERAL CONTROL TRAVEL =10.0 INCHES
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FIGURE E-49
MANEUVERING STAB ILITY
COLLECTIVE-FlIXED TURNS

UH-60A USA S/N 82-23748
AVG AVG AVG AVG AVG TRIM TRIM

GROSS CO LOCATION DENSITY OAT ROTOR CALIBRATED FLIGHT
SYMBOL WEIGHT LONG tAT ALTITUDE SPEED AIRSPEED CONDITION

(LO) (FS) (BL) (FT) (DEG C) (RPM) (KTS)
* 17000 359.9 0.2 5470 11.0 259 97 LEVEL FLIGHT
o 1684 359.3 0.2 5740 10.5 259 96 LEVEL FLIGHT

NOTE: 1. VOLCANO CONFIGURAT ION
2. PSA CENTERED AND ELECTRICALLY DISCONNECTED
3. SHADED SYMBOLS DENOTE TRIM POINTS
4. 0 LEFT TURNS
5. 0 RIGHT TURNS

C.

5 0

tX 20

7 TOTAL LATERAL CONTROL TRAVEL 10.0 INCHES

it. I t;

7S-

*l 4 1 fl1 .AA1ZA! 34A1!
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FIGURE E-50

MANEUVERING STAB I LITY
COLLECTIVE-FIXED TURNS

UX-.60A USA S/N 82-23748
AVG AVG AVG AVG AVG TRIM TRIM

GROSS CG LOCATION DENSITY OAT ROTOR CALIBRATED FLIGHT
SYMBOL WEIGHT LONG LAT ALTITUDE SPEED AIRSPEED CONDITION

(LB) (FS) (BL) (FT) (DEG C) (RPM) (KTS)
El 20120 357.9 0.2 5670 7.0 259 69 IRP CLIMBS
0 20000 357.5 0.2 5590 6.5 259 69 IRP CLIMBS

NOTE: 1. VOLCANO CONFIGURATION
2. PBA CENTERED AND ELECTRICALLY DISCONNECTED
3. SHADED SYMBOLS DENOTE TRIM POINTS
4. 0 LEFT TURNS
5. 0 RIGHT TURNS

%m 0 f11i U11 14 t~ fofi' 1WR Il ~ !~tUI~20

m° 40

TOTAL LATERAL CONTROL TRAVEL 10.0 INCHES+- -7 ýIqjlqlpwjý 4ii
0I-: 'i It = ... ,U 1"! 1 ... ...Irt.fli 13 H,-'----
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3 j 2112 :!t 11-;NE"l - -
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F IGURE E-51
MANEUVERING STAB ILITY
COLLECTIVE-FlIXED TURNS

IJH-OOA, USA S/N 82-23748
AVG AVG AVG AVG AVG TRIM TRIM

GROSS CO LOCATION DENSITY OAT ROTOR CALIBRATED FLIGHT
SYMBL WEI GHT LONG LAT ALTITUDE SPEED AIRSPEED CONDITION

(LB) (FS) (aL) (FT) (BEG C) (RPM) (KTS)
o 19900 357.2 0.2 5480 7.0 259 85 IRP CLIMBS
o 19810 356.9 0.2 5340 7.0 259 85 IRP CLIMBS

NOTE: 1. VOLCANO CONFIGURATION
2. PDA CEN4TERED AND ELECTRICALLY DISCONNECTED
3. S-HADED SYNOOLS DENOTE TRIM POINTS
4. fl LEFT !URNS
5. (, RIGHT TURNS

2X 20 f

f.f ff i11HIM itt. aNtll P11  -:1 iF i d IV

~ ~ OTAL LATERAL CONTROL TRAVEL 10.0 INCHES
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F IGURE E-8 1
LONGITUDINAL CONTROLLABILITY

UN-60A USA S/N 82-23748

AVG AVG AVG AVG AVG T RIM FLIGHT
GROSS CG LOCATION DENSITY OAT ROTOR CALIBRATED CONDITION
WEIGHT LONGC LAT ALTITUDE SPEED AIRSPEED
(LB) (FS) (BL) (FT) (DEG C) (RPM) (KTS)

16640 359.9(AFT) 0.02(LT) 3650 25.0 258 a HOVER

NOTE: 1. VOLCANO CONFIGURATION
2. IPBA CENTERED AND ELECTRiCALLY DISCONNECTED
3. AFCS ON

20

.- a I

-0

20

20
0W

CL

~ ~20
1! t-

(J10 tI 211_____________________

2.0 1.0 0.0 1.0 2.0
FYID AFT

LOIZITUDINAL CON~TROL LISPLACiE~NT FROU TRIM (INCHES)
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FIGURE E-82
LONGITUDINAL CONTROLLABILITY

UNi-ECA USA S/N 82-23748

AVG AVG AVG AVG AVG TRIM FLIGHT
GROSS CO LOCATION DENSITY OAT ROTOR CALIBRATED CONDITION
WEIGHT LONG LAT ALTITUDE SPEED AIRSPEED

(LB) (FS) (91) (PT) (DEG C) (RPM) (KTS)

19080 360.5(AFT) 0.02(LT) 3930 26.0 259 0 HOVER

NOTE: 1. VOLCANO CONFIGURATION
2. PBA CENTERED AND ELECTRICALLY DISCONNECTED
3. ACS ON

-j 2
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CA 0 1Etnlu "1m
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FIGURE E-83
LONGI TUD INAL CONTROLLABILITY

UN-60A USA S/N 82-25748

AVG AVG AVG AVG AVG TRIM FLIGHT
GROSS CG LOCATION DENSITY OAT ROTOR CALIBRATED CONDITION
WEIGHT LONG tAT ALTITUDE SPEED AIRSPEED
(LB) (FS) (01L) (FT) (BEG C) (RPM) (KTS)

16250 557.4(MID) 0.02(LT) 5700 18.0 259 40 LEVEL

NOTE: 1. VOLCANO CONFIGURATION
2. PDA CENTERED AND ELECTRICALLY DISCONNECTED
3. AFlS ON
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%40
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FIGURE E-84
LONGITUDINAL CONTROLLABILITY

UH-60A USA S/N 82-23748

AVG AVG AVG AVG AVG TRIM FU'GFT
GROSS CG LOCAT ION DENSITY OAT ROTOR CALIBRATED COtOITIOM

WEIGHT LONG LAT ALTITUDE SPEED AIRSPEED
(LID,) (FS) (BL) (FT) (DEG C) (RPM) ([0S)

16790 359.5 (AFT) O.02(LT) 5740 18.0 2558 79 L EVEL

NOTE: 1. VOLCANO CONFIGURATION
2. P9A CENTERED AND ELECTRICALLY DISCONNECTED
3. ACS ON

2
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FIGURE E-85
LONGITUDINAL CONTROLLABI LITY

UM-60A USA S/N 82-23748

AVG AVG AVG AVG AVG TRIM FLIGHT
GROSS CG LOCATION DENSITY OAT ROTOR CALIBRATED CONDITION
WEIGHT LONG LAT ALTITUDE SPEED AIRSPEED
(to) (FS) (at) (FT) (DEG C) (RPM) (KTS)

16670 &W8.6(AFT) O.O2(LT) 5860 25.0 258 121 LEVEL

NOTE: 1. VOLCANO CONFIGURATION
2. POA CENTERED AND ELECTRICALLY DISCONN4ECTED
3. AFG$ ON
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FI GUR E-86

LONGITUDINAL CONTROLLABI LITY
UH-60A USA S/N 82-23748

AVG AVG AVG AVG AVG TRIM FLIGHT
GROSS CG LOCATION DENSITY OAT ROTOR CALIBRATED CONDITION

WE IIGHT LONG LAT ALTITUDE SPEED AIRSPEED
(LB) (FS) (BL) (FT) (DEG C) (RPM) (KTS)

20370 359.9 (AFT) O.02(LT) 5580 16.5 258 42 LEVEL

NOTE: 1. VOLCANO CONFIGURATION
2. PBA CENTERED AND ELECTRICALLY DISCONNECTED
. AFCS ON
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LONGITUDINAL CONTROL DIW'LACEILNT FROM TRIM (INCHES)



FIGURE E-87
LONGITUDINAL CONTROLLABI LITY

UH-60A USA S/N 82-23748

AVG AVG AVG AVG AVG TRIM FLIGHT
GROSS CO LOCATION DENSITY OAT ROTOR CALIBRATED CONDITION
WEIGHT LONG LAT ALTITUDE SPEED AIRSPEED
(LB) (FS) (BL) (FT) (DEG C) (RPM) (KTS)

20780 360.5 (AFT) O.02(LT) 5810 25.2 260 79 LEVEL

NOTE: 1. VOLCANO CONFIGURATION
2. P9A CENTERED AND ELECTRICALLY DISCONNECTED
3. AFtS ON
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-J 20
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S~ %20
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20
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FIGURE E-88
LONGITUDINAL CONTROLLABILITY

UH-60A USA S/N 82-23748

AVG AVG AVG AVG AVG TRiM FLIGHT
GROSS CG LOCATION DENSITY OAT ROTOR CALIBRATED CONDITION
WEIGHT LONG LAT ALTITUDE SPEED AIRSPEED

(LB) (iFS) (BL) (VT) (DEG C) (RPM) (KTS)

20670 360.7 (AFT) O.02(LT) 3870 25.5 259 116 LEVEL

NOTE: 1. VOLCANO CONFIGUMATION
2. PBA CENTERED AND ELECTRICALLY DISCONNECTED
3. AFCS ON
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1- 00r -
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40
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Z 40

•g• o20
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LONGITUDINAL CONTROL DISPA T FROM TRIM (IHES)
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FIGURE E-89
LATERAL CONTROLLABI LITY
UH-60A USA S/N 82-25748

AVG AVG AVG AVG AVG TRIM FLIGHT
GROSS CG LOCATION DENSITY OAT ROTOR CALIBRATED CONDITION
WEIGHT LONG LAT ALTITUDE SPEED AIRSPEED
(LB) (FS) (RI.) (FT) (DEG C) (RPM) (KTS)

18840 359.7 (AFT) 0.02(LT) 4002 26.5 259 0 HOVER

NOTE: 1. VOLCANO CONFIGURATION
2. P9A CENTERED AN!) ELECTRICALLY DISCONNECTED
3. ARCSON
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F IGURE E-90
LATERAL CONTROLLABI LITY
UH-GOA USA S/N 82-23748

AVG AVG AVG AVG AVG TRIM FLIGHT
GROSS CO LOCATION DENSITY OAT ROTOR CALIBRATED CONITION
WEIGHT LONG LAT ALTITUDE SPEED AIRSPEED

(LB8) (FS) (BL) (FT) (BEG C) (RPM) (KTS)

20650 560.7 (AFT) 0.02(LT) 5850 17.0 258 58 LEVEL

NOTE: 1. VOLCANO CONFIGURATION
2. PBA CENTERED AND ELECTRICALLY DISCONNECTED
3. AFtS ON
2

flc0 AA O VAILABLE
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FIGURE E-91
LATERAL CONTROLLABI LI TY
UK-EGA USA S/N 82-23748

AVG AVG AVG AVG AVG TRIM FLIGHT
GROSS Co LOCATION DENSITY OAT ROTOR CALIBRATED CONDITION
WEIGHT LONG LAY ALTITUDE SPEED AIRSPEED

(LB) (F'S) (81.) (FT) (DEG C) (RPM) (KTS)

20650 360.1 (AFT) 0.02(LT) 5830 25.0 259 78 LEVEL

NOTE: 1. VOLCANO CONFIGURAT ION
2. PSA CENTERED AND ELECTRICALLY DISCONNECTED
3. AFCS ON
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FIGURE E-92

LATERAL CONTROLLABILITY
UH-EOA USA S/N 82-23748

AVG AVG AVG AVG AVG TRIM FLIGHT
GROSS CG LOCATION DENSITY CAT ROTOR CALIBRATED CONDITION
WEIGHT LONG LAT ALTITUDE SPEED AIRSPEED

(LB) (FS) (BL) (FT) (DEG C) (RPt:) (KTS)

20280 35S.1 (AFT) 0.02(LT) 3870 25.5 256 109 LEVEL

NOTE: 1. VOLCANO CONFIGURATION
2. PBA CENTERED AND ELECTRICALLY DISCONNECTED
3. AFCS ON

2
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"FIGURE E-93
DIRECTIONAL CONTROLLABILITY

UN-60A USA S/N 82-23748

AVG AVG AVG AVG AVG TRIM FLIGHT
GROSS CG LOCATION DENSITY OAT ROTOR CALIBRATED CONDITION
WEIGHT LONG LAT ALTITUDE SPEED AIRSPEED
(LB) (FS) (aL) (FT) (DEG C) (RPM) (KTS)

16320 358.7 (AFT) 0.02(LT) 3800 26.0 258 0 HOVER

NOTE: 1. VOLCANO CONFIGURATION
2. PDA CENTERED AND ELECTRICALLY DISCONNECTED
5. ARSON
2
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40
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FIGURE E-94
DIRECTIONAL CONTROLLABI LITY

UH-60A USA S/N 82-23743

AVG AVG AVG AVG AVG TRIM FLIGHTGROSS CC, LOCATION DENSITY OAT ROTOll CALIBRATED CONDITIONWEIGHT LONO LAT ALTITUDE SPEED AIRSPEED(LB) (FS) (81.) (FT) (DEG C) (RPM) (KTS)
1865 359.1(AFT) 0.02(LT) 4010 27.0 259 0 HOVER

NOTE: 1. VOLCANO CONFIGURATION
2. PBA CENTERED AND ELECTRICALLY DISCONNECTED3. AFCS ON

2

50

COD

50

looo

~ ~2O

wi 1 UAX RATE NOT REACHED

40

)- J

0TR
OI1~CTI0~A COiRO m PAEZTPR RM(NHs

133



FIGURE E-95
DIRECTIONAL CONTROLLABILITY

UH-60A USA S/N 82-23748

AVG AVG AVG AVG AVG TRIM FLIGHT
GROSS CG LOCATION DENSITY OAT ROTOR CALIBRATED CONDITION
WEIGHT LONG LAT ALTITUDE SPEED AIRSPEED

(LB) (FS) (BL) (ii) (DEG C) (RPi) (KTS)

16260 357.4 (MID) O.02(LT) 5650 18.0 259 75 LEVEL

NOTE: 1. VOLCANO CONFIGURATION
2. PDA CENTERED AND ELECTRICALLY DISCONNECTED
3. AFCS ON
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F IGURE E-96
DIRECTIONAL CONTROLLABILITY

UH-60A USA S/N 82-25748

AVG AVG AVG AVG AVG TRIM FLIGHT
GROSS CG LOCATION DENSITY OAT ROTOR CALIBRATED CONDITION
WE I GHT LONG LAT ALTITUDE SPEED AIRSPEED
(LB) (FS) (BL) (FT) (DEC C) (RPM) (KTS)

16110 556.4 (MID) O.02(LT) 5790 25.5 257 122 LEVEL

NOTE: 1. VOLCANO CONFIGURMATION
2. FDA CENTERED AND ELECTRICALLY DISCONNECTED
3. AFCS ON
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FIGURE E-97
DIRECT I ONAL CONTROLLABI LI TY

"U-60A USA S/N 82-23748

AVG AVG AVG AVG AVG TRIM FL I GHT
GROSS CO LOCATION DENSITY OAT ROTOR CALIBRATED CONDITION
VEIGHT LONG LAT ALTITUDE SPEED AIRSPEED

(LB) (FS) (BL) (FT) (DEG C) (RPM) (KTS)

20120 359.1 (AFT) O.02(LT) 5950 16.5 259 38 LEVEL

NOTE: . VOLCANO CONFIGURATION
2. PSA CENTERED AND ELECTRICALLY DISCONNECTED
3. AFCS ON

2
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m 50

.. 0

~20
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ro-A 20 loll

:114
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20

20 1.0 0. 10.

LT RI
DIRECTIONAL CONTROL DISPLACEMENT FROM TRIM (INCHES)
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FIGURE E-98
DIRECTIONAL CONTROLLABI LITY

M- G60A USA S/N 82-23748

AVG AVG AVG AVG AVG TRIM FLIGHT
"GROSS CG LOCATION DENSITY OAT ROTOR CALIBRATED CONDITION

WEIGHT LONG LAT ALTITUDE SPEED AIRSPEED
(LB) (FS) (01) (FT) (DEG C) (RPM) (KIS)

20540 360.1(AfT) 0.02(LT) 5330 25.0 25b 78 LEVEL

NOTE: 1. VOLCANO CONIGtRATION
2. PBA CENTERED AND ELECTkICALLN DISCONNECTED
3. AFCS ON
2
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F IGURE E-ft
DIRECTIONAL CONTROLLABILITY

WU-BOA USA S/N 82-23748

AVG AVG AVG AVG AVG TRIM FLIGHT
- GROSS CG LOCATION DENSITY OAT ROTOR CALIBRATED CONDITION

WEIGHT LONG LAT ALTITUDE SPEED AIRSPEED
(LB) (FS) (131) (FT) (DEG C) (RPM) (KTS)

19920 358.4 (AFT) O.02(LT) 3870 25.5 256 116 LEVEL

NOTE: 1. VOLCANO CONFIGURATION
2. PBA CENTERED AND ELECTRICALLY DISCONNECTED
3. AtS ON
2
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LOW iPM FOARu AND REARWAMD FL IGHT OIATRAIISTICS

S40 3JM. 0.1 LI JIM 17.6 3w 20 WOLCMS

NOTE 1: VERTICAL LIICCDMTECcWTUOLDMISI
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LONWWSE LEFT AND RIGHT FLIGHT CHARACTERISTICS

# 3LhaTI 0 Y& AINCTR'
LAI I111 WWUSJAIIC

wl) (03 () Cutl" (aCC ) (Wj 1'")
US 3.6 0.2 LT Mt S.S no 30 VOLCANO
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rimI 1-102
LOW wcw FWhARD AND KARIA FLIGHT CHARACTERISTICS

1540 USA SM 52-Wa4
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LOS PWM LEFT AND RIGHT FLIGHT OIARCTERISTICS
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FIGURE E-110
SHIP AIRSPEED CALIBRATION

UH-60A USA S/N 82-23748
AVG AVG AVG AVG AVG

GROSS CG LOCATION DENSITY OAT ROTOR TEST
WEIGHT L-ONG LAT ALTITUDE SPEED METHOD

SYMBOL (LB) (FS) (BL) (FT) (DEG C) (RPM)
O 16860 353.5 0.2 LT 7290 21.0 258 TRAILING BOMB
0 19060 361.3 (AFT) 0.2 LT 6930 22.5 260 TRAI LING BUSJ

NOTE: 1. VOLCANO CONFIGURATION
2. LEVEL FLIGHT
3. BALL-CENTERED FLIGHT

0L 2

~~~. 20 .: .... ....7 ~
* 0 -4N-.-.. 7

14

140~~ r F111I_
-VCAL=AO+ AIVIC + A2VIC2+ A3V I Ca J

120 AO=13.48015
A1=0.9398752 .

A2=-O .9929338E-03
* ~~A3=0.106942BE-04 .:--

IQ a

80
77-- 7n- - - - - -

.0 I
LINE OF' ZERO CORRECTION

L 60
/. .4 : 1 :::,1 : FT

20

20 40 60 800 100 120 140
SHIP INDICATED AIRSPEED (KTS)
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APPENDIX F. PHOTOGRAPHS

PHOTOGRAPH FIGURE NUMBER

Test Aircraft F-i through F-5
VOLCANO Mounting Hardward F-6 through F-10

Fixed Provision Mounting Points F-11

Interface Control Panel F- 12

Ballast Locations F-13 through F-18

Instrumentation Package F-19 through F-25

External Modifications F-26 and F-27

Idle Stop F-28
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F-~e 19. Engineer In~strumentatiton Panel
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DISTRIBUTION

HQDA (DALO-AV) I

I IQDA (DALO-FDQ) I

HQDA (DAMO-HRS) I

HQDA (SARD-PPM-T) I

HQDA (SARD-RA) I

HQDA (SARD-WSA) I

US Army Material Command (AMCDE-SA, AMCDE-P, AMCQA-SA, 4

AMCQA-ST)

US Training and Doctrine Command (ATCD-T, ATCD-B) 2

US Army Aviation Systems Command (AMSAV-8, AMSAV-Q, 8

AMSAV-MC. AMSAV-ME, AMSAV-L, AMSAV-N, AMSAV-GTD)

US Army Test and Evaluation Command (AMS E-TE-V, AMSrE-TE-O) 2

US Army Logistics Evaluation Agency (DALO-LEI) I

US Army Materiel Systems Analysis Agency (AMXSY-RV, AMXSY-MP) 8

US Army Operational Test and Evaluation Agency (CSTE-AVSD-E) 2

US Army Armor Schocl (ATSB-CD-TE)

US Army Aviation Center (ATZQ-D-T, ATZQ-CDC-C. ATZQ-TSM -A. 5

ATZQ-TSM-S, ATZQ-TSM-LH)

US Army Combined Arms Center (ATZL-TIE) I

US Army Safety Center (PESC-SPA, PESC-SE) 2

US Army Cost and Economic Analysis Center (CACC-AM) I

US Army Aviation Research and Technology Activity (AVSCOM) 3

NASA/Ames Research Center (SAVRT-R, SAVRT-M (Library)



US Army Aviation Research and Technology Activity (AVSCOM) 2

Aviation Applied Technology Directorate (SAVRT-TY-DRD,

SAVRT-TY-TSC (Tech Library)

Uzi A.-my AvIator. Research and Tec.hnology Activity (AVSCOM) 1

Aeroflightdynamics Directoratc (SAVRT-AF-D)

US Army Aviation Research and Technology Activity (AVSCOM I

Propulsion Directorate (SAVRT-PN-D)

Defense Technical Information Center (FDAC) 2

US Military Academy, Department of Mechanics (Aero Group Director) I

ASD/AFXT, ASD/ENF 2

US Army Aviation Development Test Activity (STEBG-CT) 2

Assistant Technical Director for Projects, Code: CT-24 (Mr. Joseph Dunn) 2

6520 Test Group (ENML) I

Commander, Naval Air Systems Command (AIR 5115B. AIR 5301) 3

Defense Intelligence Agency (DIA-DT-2D) I

Sci;ooa of Aerospace Engineering (Dr. Daniel P. Schrage) 1

Headquarters United States Army Aviation Center and Fort Ru'ker I

(ATZQ-ESO-L)

US Army Aviation Systems Command (AMSAV-EA) I

US Army Aviation Systems Command (AIMSAV-ECU) I

US Army Aviation Systems Command (AMSAV-ESW) I

US Army Aviation Systems Command (AMSAV-EF) I

US Army Aviation Systems Command (AMCPMWBH) 2

Mines. Cjountermine, aild Demolition, Project Manager (AMCPM-MCD) 2


