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ABSTRACY

The CH-47C height-velozity flight test program was conducted at Edwards Air
Force Base and Si:after, California, and Tonopah Test Range, Nevada, between
29 September 1971 and 9 March 1972. Engineering flight tests were conducted
to develop realistic single-engine height-velocity diagrams for the CH47C heiicopter
with T55-L-11A engines. During these tests, no deficiencies were identified, but
one shortcoming was identified: the excessive pilot compensation required to
conirol pitch atutude following a simulated single-engine failure from an
out-of-ground-eifect hover. The height-velocity diagrams developed are suitable for
inclusion in the operator's manual whea accompanicd by the flight conditions and
a discussion of tne pilot technique. Entry characteristics of the helicopter following
engine failure are satisfactory, Power settling may occur following an engine faiiure
from an out-of-ground-effect hover unless the helicopter is pitched immediately
to an accelerating attitude before the thrust controf rod is lowered. The takeoff
procedures depicted in the operator's manual and the US Army Awiation School
CH-47 standardization guide are safe in the event of single-engine failure. However,
hard landings may result when a power failure occurs during a steep approach
at or above a 40.800-pound gross weight or during a normal approach at a
46,000-pound gross weight. Increases in gross weight and density altitude degraded
height-velocity performance. Efforts to generalize height-velocity performance data
using analytical procedures and referred-gross-weight methods were unsuccessful.
ticight-velocity performance was apparently unaffected by the cente~of-gravity
location or which engine was failed. Further testing at high outside air temperatures
would be required to completely define the single-engine height-velocity
performance of the CH-47C helicopter equipped with TS5-L-11A engines.
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INTRODUCTION

BACKGROUND

1. Single-engine height-velocity (H-V) testing has not previously been conducted
with the CH47C helicopter. The operator's manual for this aircraft (ref 1, app A)
does not contain 2n H-V diagram. Singie-engine H-V testing of the CH-47B has
been conducted at gross weights up to 40,600 pounds (refs 2 and 3); however,
these 1est results are not directly applicable to the CH-47C. The US Army Aviation
Systems Command (AVSCOM) directed the US Army Aviation Systems Test
Activity (USAASTA) to conduct height-velocity tests on the CH47C (ref 4). The
CH-47C height-velocity test slan (ref 5) was prepared in accordance with the test
directive.

TEST OBJECTIVES

2. The objevtives of the CH47C H-V test were as follows:

2. To develop operational CH47C H-V dugmm for incorporation ir the
operator's manual.

b. To determine compliance with the military specification, MIL-H-3501.4
(ref 6, app A), and the detail specification {ref 7).

DESCRIPTION

3. The CH47C helicopter is uanufactured by the Vertol Division of The Boeing
Compazny (Boeing-Vertol). It is a twin-turbine, tandem-rotor helicopter designed
to provide air transportation for cargo, troops, and weapons. The helicopter is
intended for use during visual or instrument flight conditions. The test helicopter
was powered by two T55-L-11A Lycoming engines. A more complete description
of the CH47C is presented in the operator's manual (ref 1, app A) and in
appendix B.

SCOPF. OF TEST

4. Hcight-velocity tests were conducted with the CH<47C helicopter from
29 September to ® March 1972 at Edwards Air Force Base (2302-foot elevation)
and Shafter, California (420-foot elevation), and Tonopah Test Range, Nevada
(5540-foot clevation). During the test program, 47 flights were conducted for a
total of 48 hours, of which 34 hours of productive testing were accomplished,
Testing at s safe altitude above ground level (AGL) was accomplished at gross
weights from 29,400 10 46,000 pounds, density altitudes from 2000 to 6000 feet,
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and center-ol-gravity (cg) locations from fuselage station (FS) 319.5 (forward) to
FS 134.5 (aft). Height-velociiy tests were accomplished to a touchdown at the
vonditions shown in table |. The scope of this cvaluation was limited to
single-engine f{ailures. The tests . ere conducted to produce data which were realistic
with respect to operstional conditions and do not stow the maximum capability
of the aircraft,

Table 1. Height-Velocity Touchdown Test Conditioas.

Average | Average Average Avarage Entry
Gross | Density | Outside Alr | Canter-cf-Gravity Flight
Weight | Alticude | Temperature Location Condition
(1k) (ft) *c) (in.)

44,110 4500 -2.0 FS 326.2 (mid) | Level flignt
46,100 4030 -5.0 FS 327.3 (mid) | Level flight
40,870 6350 -1.0 PS 325.8 {(mid) | Level flight
44,080 ~200 -5.5 FS 326.2 (mid) | Level flight
46,050 900 4.5 F3 327.3 (mid) | Level flight
40,870 650 -1.0 FS 325.8 (mid) Takeoff
46,030 1150 3.5 FS 327.3 (mid) Takeoff
41, .Ao 480 -0.5 FS 325.8 (mid) Approach
46,030 1150 3.5 S 327.3 (mid) Apprcach

5. All of the CH47C H-V tests were conducted without external loads. Ballasting
was accomplished by use of internal water tanks. The cargo hook and the lower
rescue door were removed to facilitate emergency water jettison. The pitch stabdility
augmentation (PSA) system was placed in the automaticsynchronization mode
because that is the normal operational mode.

6. Maximum-rated power checks (topping) were accomplished on the installed
engines in accordance with the current mamntenance nrocedures stated in the
CH-47C organizational maintenance manual (ref 8, ap» A). The allowable range
for the indicated torque is t] percent. The engines were adjusted so that power
available w1s in the lower haif of this range. This was to ensure that the test aircraft
did not have more power available than representative operational aircraft.
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7. The flighs restrictions and limitations contained in the safety-of-flight release
{ret 9, app A) were observed. All H-V touchdowns werc accomplished on a paved
surface. :

METHODS OF TES:

8. The procedure used to simufate a sudden engine failure was to stabilize the
‘helicopter at the desired conditions of airspeed and height AGL, and then to place
one engine condition lever in the ground position. This was accomplished following
a countdown and the simulated failure was not s surprise to the pilot. The delay
time between power reduction and control movement was started when the
condition lever reached the groend position. Except as noted in app:ndix C,
conventional H-V test techniques and data analysis procedures were used as
discussed in reference 10, appendix A. A Handling Qualities Rating 3cale (HQRS)
was used to augment qualitative comments {(app D).

9. To provide a realistic H-V diagram of maximum benefit to the operational
aviator, the pilot technique wis critiqusd by two aviators with extensive CH-47
experience in the field and by a recent graduate of the CH-47 transition course
at the US Army Aviation School, Fort Rucker, Alabama. These aviators a»re placed
in several test conditions at altitude and their reactions and techmgques were
recorded. The tost technique developed by the test team was then deme  *rated
to these aviators and a final technigue was developed based on their commeats.

10. The tests were conducted under nonturbulent atmospheric conditions to
produce accurate, repeatable data. All touchdown tests were conducted in wind
velocities of § knots or less. The test CH-47C helicopter (serial number 68-15859)
was equipped with sensitive, calibrated instrumentation. A detailed list of the test
instrumentation is presented in sppendix E.

CHRONOLOGY

11. The chronology of the test program is listed below. The delay in the start
of H-V testing was due (o other CH-47C testing.

Height-velocity test request received 3  November 1969
Height-velotity test flying commenced 29 S«eptember 1971
Height-velocity test flying completed 9 ‘March 1972



RESULTS AND DICUSSION

GENERAL

12, Engineenng flight . sts were conducted to develop realistic singleengine
height-velocity diagrams for the CH<7C helicopter with T55-L-11 A engires, During
these tests, no deficiencies were identified, but one shortcoming was identified:
the excessive pilot compensation required to control pitch attitude following a
simulated singleengine failure from an out-of-ground-effect hover. The
height-velacity diagrams developed are suitable for inclusion in the operator's
manual when accompanied by the flight cenditions and a discussion »f the pilot
technique. Entry characteristics of the helicopter following ergini - lure are
satisfactory. Power settling may occur following an engine faiiv ¢ from an
out-of- - sund-effect hover unless the hebc~oter is pitched immed:ately to an
accelerating attitude before the thrust .atrol rod is lowered. The takeoif
procedures depicted in the operator's marnual ang the US Army Aviation School
CH-47 standurdization guide are safe in the event of single-enginz failure. However,
hard Jandings may result when a power failure occurs during a stecp approach
at or above a 40,800-pound gross weight or during a normal approach at a
46,000-pound gross weight. Increases in gross weight and density altitude degraded
height-velocity performance, Efforts to generalize height-velocity performance data
using analytical procedures and referred-gross-weight methods were unsuccessful,
The center-of-gravity location and the particular engine which was selected to
remain operational had no apparent effect on height-velocity performance. Furiker
testing at high outside air temperstures would be requued to compietely define
the singleengine height-velocity performance of the CH-47C helicopter equipped
with TSS-L-11A engines.

ENTRY CHARACTERISTICS

13. Sudden sinpje-engine failures were simulated by first stabilizing the aircraft
at the desired conditions of airspeed and height above the ground, and then placing
one c¢ngine condition lever in the ground position. Simulated singie-engine failures
were conducted at gross weights from 32,000 to 46,000 pounds and airspeeds from
hove: to 152 knots calibrated airspeed (KCAS). Following a simulated single-engine
failure, with the PSA system in the automaticsynchronization mode, a small
nose-up pitch change occurred and the aircraft statilhized at the new pitch attitude,
The hclicopter slowly rolled to the left at a rate that was easily controlled by
the pilot. At airspeeds above 130 KCAS, the roll rate was slightly higher. During
the stability and control tests (ref 11, app A), a slow, divergent nose-up pitch
change resulted from a simulated single-engine failure with the PSA system OFF,
but the pitch-up was easily controlied by the pilot. Testing showed that for similar
aircraft conditions and engine topping settings, single-engine H-V performance was
similaa for each engine. During the actual H-V diagram development, the engine
failure was simulated by reducing power on the left engine.



14. Following a single-engs. - 1atlure. the operating engine increased power until
reaching muxincam power ave,. bie for the engfine beep tnom s2tting. The minimuLm
trunsient rotor speeds gunng the controi-tixed persod tollowing the simulated radure
are presented in figure 1, appendin F. The data show that for the conditions tested,
the minimum transient rotor speed did not reach generator cutctfi rotor speed of
04 £ 4 rpm. Dunng all the ieve] flight entry tests, the rotor speed decay rate
increased with gross weight and decreased with forwaid speed. The rotor speed
stabilized above 210 rpm following all simulated single-engine failures in level ight
without moviag the thrust control rod or increasing engine beep trim. Within the
scape of this test, the CH47C entry characteristics following a simulated
single-engine fuilure are satisfactory.

15. Entry characteristics following sumulated dualengine failures were evaiuated
during the CH<7C stability and cortrol tests (ref 11, app A) using essentially
the same methods as for single-engine failures, cxcept that both cngine condition
levers were plac.d 1n the ground positicr, The flight controls were held fixed as
long us practical after the simulated failure. These tests wers conducted at gross
weights from 33.000 to 45000 pounds and airspeed from 78 to 148 KCAS.
Results of the tests indicate that at amirspeeds below 100 knots, there was a slight
nose-up pitch which was easily corrected There was no apparent roil attitude
change. Response of the helicopter following simulated dual-engine failures at
airspeeds  greater than 100 KCAS was more severe than under simulated
single-engine failures. At airspecds of 1X) KCAS or less, the response was similar
to the singic-engine failure responte, The nose-up pitch change following a
dual-engine failure was adequutely corrected by the PSA system. With the PSA
system OFF, a correction of the divergent nose-up pitching required a slightly faster
pilot reaction than was required with siugl:-engine failure, but presented no aircraf
control problem. Lateral and directional oscillations were apparent following failures
at airspeeds in excess of 140 KCAS, but did not limit control of the aircraft.
The noise change associated with the rapid rotor speed decay provided the pilot
with an unmistakable cue to an cengine failute. Time delays from engine faiiure
to thrust control rod movement were slightly in excess of | second and produced
a2 minimum (ransient rotor speed of approximately 190 rpm. At the minimum
transient rotor speed there was no apparent degradation in controllability. These
response characteristics and delay times between duulengine failure and thrust
control rod movern cnt, evaluated during the previous stability and controt testing,
met the reqvirements of the detail specification and are satisfactory.

PILOT _TECHNIQUE FOLLOWING ENTRY

16. There ar> many techniques which could be used to transition from full-power
flight to steadystate autorotational flight, The vanables were too numerous for
an exhaustive evaluation during this program to determine the techrique which
provides the maximum capability of the aircraft for the entire envelope. The pilot
technique determination was therefore limited to the range of conditions which
were within the capabilities (training and tolerance) of operational pilots.




17. In discussion with instructor pilots at the US Arm;, Aviation School and with
two expericaced CH-7 prlots at USAASTA, the consensus was that nase-down
pitch attitudes beyond 20 degrees or rates in excess of 20 degrees per secoid
were extreme and could not be consistently expected from operational pilots. To
determine the reaction or corrective action which could be expectsd from
operational pilots and theretore would be best for the conduct of this test. simuiated
single==ngine failures were conducted at a safe alutude above the gruund at various
gross  weights, airspeeds. and density altitudes. Al gross weights above
40,000 pounds. at airspeeds from hover to 42 KCAS. and usng a sumilar pstch
rate, increasing nose-down pitch attitudes decreased the heigh: loss to reach a
specific airspecd. Height loss also decreased as higher pitch rates were uszd to reach
a given pitch attitude. Time histories of pitch attitudes and rates usea following
simulated single-engine {ailures at different entry airspeeds are presented in figure 2,
appendix F. Pitch attitudes and maximum pitch rates used during the touchdown
tests are presemied in figure 3. The recommended pitch attitudes and rates zre
presented in table 2. At airsmeeds above 80 KCAS, manipulation of the cvclic
and thrust control rods to slow the helicopter to a safe touchdown speed whiie
maintaining approximately 235 rpm was necessary,

Table 2. Recommended Pitch Attitudes and Rates.

Af::;:::":g Stabilized Pitch Maxdmum
Engine Failure Attitude Pitch Rate
® (kt) - (deg nose down) (deg/sec nose down)

i8, The best pilot cue to engine failure i5 the sound change associated with
deciasing rotor speed. Less obvious cues are the torque sphit and engine compressor
speed '‘N1) decay as observed on the appropniate instruments. The time requiied
for pilot rec )gnition and reaction was estimated at 2 seconds and the audio cue
of rotor speed decay is consistent with that estimaie. Ail tests, exce ', during takeoff
and approacli, incorporated a 2-second delay from tae time the ¢naine condition
lever wa2s moved to the ground position until movement of the tlight contmis,
During takeoff and approach tests, a zero time delay was used to more closely
simulate operational flying where aircratt operation is more closely monitored.

i9. The onrmal engine trim control switch (beep) was used to gain maximum
available ower on the operating engine following the simulated failure. It was
determined prior to the touchdown tests that this procedure would be unsafe for
testing since 1t placed the power turbine actuatur out of the retor speed governing
range, which could casily result in rotor overspeed following the fanding. Theretore,
the test technique was to adjust the thrust control rod and not the engine beep
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tnm when commitied to land. This tends to make the resultant data conservative
since slightly better performance could be achieved in full beep. For actual
single-engine failures. the beep control should be used for maximum capability
of the uperating engine. The crew should also be aware that rotor overspeed can
oceur with tull bevp when the thrust control rod is lowered after landing.

20. The operator's manual suggusts regaining normal operating rotor speed
following a single-engine failure. At gross weights of 40,000 to 46,000 pounds,
normai operating rotor speed is 245 rpm. The increased reduction in collective
pitch to regain 245 rpm versus 235 rpm cacsed an initial increase in sink rate
which resuited in approximately 10 percent more height luss to reach the target
airspeed.  Because of these results, the touchdown tests for the CH-47C were
conducted using 235-rpm rotor speed following the simulated failure, When an
immediate landing is required following a single-engine failure. the pilot should
reguin 235 rotor rpm ior all gross weights. The operator's munual suggestion to
regiin normal operating rotor speed is adequatc when continued flight 1s possible.

21. The CH47C .s susceptible to the phenomenon of power setting. often referred
to as the vortex ring state. This condition was encountered following the simulation
of single-engine failures at an out-of-ground-effect (OGE) hover in very light wind
conditions. When the thrust control rod \ «as lowered simultaneously with or slightly
before the nose-down pitching of the helicopter, the settling rasulted. Power settling
was characterized by a high rete of descent in a hover attitude. Forward cyclic
control was initially ineffective, which prevented an increase in airspeed. The
application of a large amount of forward cyclic control during power settling caused
a slight nosc-up pitching which aggravated the settling condition. Recovery from
this condition was achieved by further lowering the thrust control rod until the
cyclic control was effectively able to pitch the helicopter to an accelerating attitude.
This recovery required approximately twice the amount of altitude normally lost
and, depending on the initial hover height, could result in pround contact. This
condition was observed at conditions where single-engine OGE hover capability
did not exist. The helicopter was more susceptible to power settling with a slight
tail wind than with a head wind. To zvoid power settling following a simulated
I single-engine failure from an OGE hover, it was necessary to pitch to the accelerating

attitude immediately after the 2<econd delay time and prior to lowering the thrust
control rod. When lowering the thrust control 10d, a nese-up pitching moment

{ occurted that varied with the rate of thrust control rod application. Figure 4,

f appendix F, shows the magnitude of the pitch-up with a moderate thrust control
rod rate (1 inch per second (in./sec)) and the amount of forward cyclic required
to control the pitching. The pitch-up was minimized by lowering the thrust control
rod at a slower rate (approximately 1/2 in./sec). Extensive pilot compensation was
required to control pitch attitude following a simulated single-engine tailure from
an OGE hover {HQRS 6). This is a shortcoming and should be corrected for
improved safety of operation. A discussion of the power-scttling phenomenon and
the technique used to prevent it should be incorpurated in the cperator's manual
as shown below:
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CAUTION

Power settling can result if the thrust control rod is lowered
first, following a  single-engine failure from an
out-of-ground<ffect hover. The helicopter should first be
pitched to an accelerating attitude before the thrust control
rod is slowi; lowered (1/2 inch per second) to regain rotor
speed. If power settling is encountered, the tecovery may
require twice the amount of aititude normally lost. The
helicopter is more susceptible to power settling following an
engine failure while hovering with a slight tail wind.

. The following discussion of piiot technique following single-engine failure

should be included in the operator's manual;

Following determination that an engine failure has occurred,
the pilot should immediately lower the nose of the helicopter
to an accelerating attitude prior to lowering the thrust control
rod. il the airspeed is slow and altitude pennits. If the speed
at the time of the failure is near hover, the accrlerating attitude
should be between 15 and 20 degrees nose down and should
be reached with a rclatively rapid pitch rate (approximately
16 degrees per second (deg/sec)). For airspeeds between
30 knots indicated airspeed (KIAS) and approximately
SO0 KIAS (52 KIAS), the accelerating attitude should be
between 10 and 15 degrees and should be reached with a
moderate pitch rate (approximately 9 deg/scc). For airspeeds
between approximately 50 and 75 KIAS (52 and 74 KIAS),
the accelerating attitude should be between § and 10 degrees
and should be reached with a slow-to-moderate pitch rate
(approximately 7 deg/sec). Steeper pitch attitudes and faster
pitch rates will improve performance but may be uncomfortable
to the pilut. While the pilot is assuming the aucelerating
attitude, the copilot should advance the normal engine trim
contrcl switch to full beep to gain maximum available power
on the opcrating engine. After the helicopter is established in
an accelerating attitude, the th-ust control rod should be slowly
lowered (1/2 in./sec) as necessary to regain the desired rotor
speed. If the thrust control rod is lowered too rapidly, a nose-up
pitchi. g will occur that will delay the airspeed build. If flight
conditions are such that continued flight with one engine
operable is possible, normal operating rotor speed of either
235 mm or 245 rpm should be regained. The performance
section of the operator's manual contains information on best
single-engine oreration. When an immediate landing is required
following an engine failure, the pilot should establish rotor
speed at 235 rpm for all gross weighis. If conditions in excess
of 50 KIAS at a minimum of 100 feet above the ground in
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the accejerating attitude are reached, a safe running landing
is possible for all operational gross weights, assuming the terrain
is satisfactory. If these conditions of airspeed and altitude are
not met or landing terrain is unsuitable, some damage to the
helicopter should be expected. Upon completion of the landing
and before lowering the thrust control rod, the normal engine
trim control switch must be reduced tu the governing range
to prevent rotor overspeed. For conditions of airspeed greater
than approximately 75 KIAS (74 KIAS) and height at or
above 30 feet above the ground, the helicopter should be
smoott .y decelerated to touchdown speeds of between 20 and
30 knots.

AIRSPEEL/ALTITUDE LANDING WINDOW

23. Recognizing that operational pi‘o:s would use varying flare techniques, it was
necessary to develop H-V diagrams vhich are compatible with these techniques.
Accordingly, final flare and touckdown tests were :ccomplished using various flare
rates and starting at various flare altitudes and airspeeds. The resuits of these tests
show that at an airspeed of 58 KCAS and a 100-foot height AGL, with the aircraft
in the accelerating attitude appropriate for the entry airspeed (para 17), safe run-on
landings at touchdown speeds ol approximaiely 30 knots could be made using
a wide range of flare rates and heights. Slow ‘lare rates beginning at approximately
75 fect and faster flare rates beginning at approximately 45 feei were equally
successful. This airspeed/altitude window (58 KCAS/100 feet AGL) was used to
define the H-V diagrams. When the window conditions were reaciied, an end point
was established for defining that particular point of the H-V diagram. For the
conditions tested, this technique resulted in similar levels of pilot compensation.
However, higher density altitude or lower poweravailable conditions than
encountered during this test may require a greater degres of pilot compensation
and a subsequent change to the window parameters.

DENSITY ALTITUDE LFFECTS

24. Density altitude effects on H-V performance wer: evaluated at the conditions
shown in table 3. The minimum entry heights were obtained using the window
concept (para 23). The data show that for the same gross weight, an increase in
density altitude resulted in a greater height loss. Density altitude efiects were niore
pronounced as entry airspeed was decreased and the maximum effect occurred
at the high hover (OGE) point. No apparent density altitude effect was noted
at the low hover (in-ground-effect (IGE)) point and from this point no difference
in touchdown technique was required for the density altitudes tested.
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Tablc 3. Dansity Altituds Comparison.®

Average Average Calidreted Average Minimun
Dansity Gross Eatry Outside Alrx Entry
Alticude Weight Alrspeed Teaparatute Haight
{fe) (1b) (ke) *C) (ft)
4500 40,910 Hover “2.% 460
650 43,870 Hover =-1.0 390
4500 49,910 43 -2.% 155
650 40,870 42 -1.0 150
4500 44,110 43 =-2.0 178
-200 44,080 43 ~5.5 140
4030 46,100 42 -9.0 192
900 46,050 19 +4.3 158

"Entry rotor speed: 243 rpm,

Avarage center of gravity: F5 327 (mid).

GROSS WEIGHT AND CENTER.OF-GRAVITY EFFEC: ]

25. Grosms weight effects were evaluated at nominal gro:s weights of 40,800,
44,000, and 46,000 pounds at density altitudes near sea level and approximately
4500 fect. The entries were made {rom stabilized level Night and the mancuver
continued to a touchdown. The minimum entry heights were obtained using the
window concept (para 23) and ars presented in table 4. At the higher density
aftitude, sn increase in gross weight resulted in a greater height loss. At the lower
density aititude, {{-V performance remained approximistely the same for the gross
weights tested. Gross weight had minimal effect on H-V performance at the lower
density altitude because of the proximity of the entry altitude to the window

altitude.
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Teble 4. Gross Weight Effects.®

Average Average Calibraced Average Minimus
Gross Density Entry Outside Atlr nLry
Weight Altitude Alrspeed Temperature Height
{1b) T (ft) {kt) (") (fr)
40,910 4500 43 -2.5 155
44,1190 4500 43 -2.0 178
46,100 4030 43 -9.0 192
40,870 650 42 ~-1,0 150
44,080 -200 &3 -5.5 140
46,050 900 39 +4.5 155

!Entry rotor speed: 245 rpm.

Average center of gravity: FS 327 (mid).

26. Gross weight effects in a hover were evaluated IGE only, since an OGE hover
capability did not exist at the higher gross weights, The IGE tests were condudted
from a stabilized hover, and following the simulated single-engine failure, a vertical
descent to a touchdown was accomplished. The maximum safe height was
determined based on pilot qualitative comments, minimum transient rotor speed,
or the height from which a running landing could be made. At 40,800 pounds
and a 650-foot density altitude, a running landing could be made from 30 feet.
Gross weight had a significant effect on the maximum safe IGE hover height, as
shown in table 5. At no time did the gear loads approach limit values.

n



Table 5. In-Cround-Effect Hover Results.'®

Averagel Average
Gross |Denaity

Average
Outside Air

Weight jAltitude|{Temperature

(1b) (ft) ¢y (£t) (rpm) (1b)
40,800 650 -1.0 31 209 12,305

Maxipmum Safe
In~Ground~Effact] Tranaient

Height

Minimum

Rotor Speed

Maximum
Gaar
Load?

44,000 | -200 ~3.0 26 193 11,212
46,000 400 -3.0 19 181 Note®
44,000 | 5200 2.0 20 192 15,007
46,000 | 5200 1.5 15 188 15,180

'Entry rotor spead: 245 rpm.
Average center of gravity: F§ 327 (mid).
lGear loads listed for the critical parameter (aft gear
spindle housing).

Maximum allowvable load is 18,000.

IData not available.

11
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37. During the development of the pilot technique, cg locations at FS 319.5
(forward), FS 324.0 (mid). and FS 334.5 (aft) were evaluated at a 38,000-pound
gross weight. For these conditions, no handling qualities or performance differences
were detected by the puots following simulated single-engine failures. Subsequent
landing tests were accomplished at a mid cg

HEIGHT-VELOCITY PERFORMANCE PREDICTION

28. An attempt was made to predict H-V performance using the analytical
procedures deveicned by JSAASTA during CH47B H-V testing (ref 12, app A).
It was possible to match the analytical performance with data flown by tailoring
the forcing functions to shape the resuits. With changes in flight conditions,
comresponding changes in the state variables (gross weight, density aititude, etc.)
did not result in accurate predication of H-V performance without appropriate
change in the forcing functions. The forcing-function changes could not be
determinsd before the testing was compieted. Currently, additiona! work is being
accomplished to develop an improved analyrtical method for H-V prediction. This
analyticai method should be available for test application in the nexr future.

29. A further attempt to predict H-V performance was made using the
referred-gross-weight method. This method envisioned a generalization of data based
on the ratio of gross weight to density ratio (W/a). The data collected both at
altitude and during touchdown testing did not generalize. The failure to generalize
can be attributed to the difference in power available on the operating engine
(due to ambient temperature differcnces) and cc \pressibility effects at the different
conditions even though W/o remained constar.c.

30. The inability to predict H-V performance using the a%ove methods ied to
H-V profiles being defined at constant gross weights at several density altitudes,
which increased the amount of flight testing originally anticipated and also increased
the risk of the entire test program. In addition, test resuits could only be obtained
at the test conditions available,

AIRSPEED CALIBRATION

31. The ship airspeed system was calibrated in the slow-speed range using the
boom airspeed system 4s 2 standard. The results are shown in figure 5, appendix F,
for gross weights above 40,000 pounds. Between 50 and 108 KCAS, the error
was as presented in the operutor's manual (ref 1, app A). Below 50 KCAS, the
error deviates up to 2 KCAS from the data shown in reference 1. The difference
can be attributed to the heavier weights and resultant increase in downwash. For
these conditions of gross weight, a minimum reliable airspeed indication of 30 KIAS
(4i KCAS) was determined and is incorporated in the operational H-V diagrams
presented. The airspeed calibration developed during this test was used to obtain
indicated airspeed for the operational presentation.



OPERATIONAL SINGLE-ENGINE HEIGHT-VELOCITY PERFORMANCE

Out-of-Ground-Effect Hover and Level Flight

32. Singleengine H-V diagrams were determined by stabilizing the helicopter in
level flight at the desired conditions of airspeed and height awo>ve the grovnd, then
placing one engine condition lever in the ground position and 2ccomp¥shing a
landing. The techniques established during this test (paras 16 th.rough 23) were
used in determining the minimum heights required to accomplizn a safe landing.
Nominal gross weights of 40,300, 44,000, and 46,000 pounds were tested to a
touchdown at the conditions shown in figures. 6 and 7, appendix” F. At airspeeds
of 58 KCAS and slower, the entry height at each airspeed was determined by
incrementally decreasing height above the touchdown point until the window
conditions of 58 KCAS at 100 feet could no longer be achieved. This determined
the minimum height AGL required for a safe landing following a single-engine
failure. A smooth deceleration was used at entry airspeeds from 59 to 79 KCAS.
At entry airspeeds greater than 79 KCAS, the window conditions do not apply,
100 feet of altitude was no longer required to accomplish a safe lanrding, and a
minimum safe height of 30 feet was chosen. Tests were conducted at speeds in
excess of 100 KIAS as low as 20 feet above the ground, to di:monstrate the
capability for a safe ianding following a single-engine failur=. At ail speeds, the
helicopter reaction was a slight nose-up pitching which preciuded any tendency
to abruptly settle into the ground.

33. The H-V diagrams presented in figures 6 and 7, appendix F, were defined
at relatively low outside air temperatures, which affected maximum power available.
Further testing would be required at similar gross weight and density altitudes,
but at higher outsid: air temperatures to more completiely define the single-engine
H-V performance of the CH-47C helicopter equipped with TSS-L-11A engines.
Operational single-engine H-V disgrams (figs. § and 9) were developed from the
conditions shown in figures 6 and 7, using the zirspeed calibration discussed in
paragraph 31. For the conditions tested, no OGE hover capability existed except
at a gross weight of 40,800 pounds. The operational single-engine H-V diagrams
developed during this test are suitable for presentation in the operator's manual
when accompanied by gross weight, density altitude, and outside air temperature
information and a discussion of the recommended pilot technique (para 22).

In-Ground-Effect Hover and Takeoff

34, The CH47C was tested during IGE hover at gross weights to 46,000 pounds
and density altitudes of 650 and 5200 feet (para 26, table 5). A safe vertical
landing from a hover with no ground roll was made from 20 feet at 44,000 pounds,
and from 15 feet at 46,000 pounds.

35. The takeoff from a hover for the CH-47C is described very generally in the
operatot's manual (ref 1, app A). It advises the pilot to increase airspeed and
altitude simulianeously after reaching transiational lift. The maneuver is started
from a stabilized hover hewght of 10 feet. The CH-47 standardization guide

"
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publish=d by the US Army Aviation School (ref 13) is more explhcii. It calls for
accelerating from a 10-foot hover to translational 1ift in a levei attitude, not
exceeding 20 fcet until reaching 30 KIAS and thereafter simultzneously gaining
altitude and airspeed. Testing was conducted to verify the safety of the
recommended takeoff techniques in the event of a single-engine failure. The data,
presented in figure 10, appendix F, were obtained at gross weights of 40,800 and
46,000 pounds at density aititudes near 1000 feet, The recommended takeoff
technique was used except that pitch attitudes up to 5 degrees, nose low, were
tested. To remain below 20 feet and not exceed a S-degree nose-low pitch atitude
while accclerating to 30 KIAS, engine torque had to be limited to approximately
$ percent above that required for a 10-foot hover. The pilot technique used after
the simulated failure was to level the aircraft, set the thrust control rod to regain
235 rpm rotor speed (if time permitted), and to compiete a run-on landing. Beep
trim was unchanged in this test. In all cases tested, including a steep climb after
reaching 30 KIAS, a safe landing couid be made using normal roll-on procedures.
While at low altitude (below 20 feet) it is necessary to avoid rapid aft cyclic
movement to prevent the aft gear from contacting the ground. The normal takeoff
procedure described in the operator's manual and the CH47 standardization guide
is safe in the event of single-engine faiiure. The procedure can be safely expanded
0 include an attitude of S degrees, nose jow, during takeoff. This takeoff technique
is recommended for training and opesations, to reduce the possibility of damage
following a singic-engine failure.

Landing Approach

36. The operator's manuai (ref 1, app A) has a description of procedures for
the pilot to follow for a single-engine approach, but does not discuss appreaches
from which a safe landing can be miade in the event of a single-engine failure.
The CH47 standardization guide (ref 13) does explain the procedures for shallow
(5- to 8-degree), normal (8- to 10degree), and steep (12- to 15-degree) approaches,
but without regard o the degree of risk in the event of a single-engine failure
during the approach.

37. The CH47C helicopter was tested during approaches at pross weights of
40,800 and 46,000 pounds at the conditions listed in table 6, The pilot technique
after the simulated failur: was to maintain the airspeed until the landing flare,
set the thrust control rod to regain 235-rpm rotor speed (if time permitted), and
to complete the run-on landing. No reduction in thrust control rod position ‘was
made unless adequate altitude remained. The beep trim was unchanged in this test
to preclude rotor overspeed on touchdown. This procedure was necessary because
of the extra crew workload during the testing, which is not preseut operationally.
Full beep is recommended in the event of artual engine failure,
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38. At a 40,800-pound gross weight and the conditions in table 6, safe landings
were made following simulated single~cngine failures on a normel (8- to 10-degree)
approach without undue pilot effort, using the normzl run-on landing technique
Quulitatively, it was determined that simulatad single-engine failures from a ste. .

~ approach at gross weights of 40,800 pounds and above would result in hard landings
~and were not tested. A discussion of the risk invoived in approaches, such as the

note below, shouid bte included in the operator's manual and the CH47
standardization guide.

NOTE

At a 40,800-pound gross weight or greater, an engine failure
during the final portion of a steep approach may result in a
hard landing.

39. At a 46,000-pound gross weight . " the conditions in table 6, safe iandings
following a simulated single-engine failure were made from normal (8- to 10-degree)
approaches when failure occurred at or above 41 KIAS on the ship's airspeed
system (50 KCAS). Qualitatively, it was determined that simulated failures below
this airspeed, during a normal approach, woild sesuit in hard landings and were
not tested. Simulated single-enpine failures were successfully conducted at a
46,000-pound gross weight using a shatlow (5- to 6-aegree) approach. However,
simulated failures below 30 KIAS on the ship's airspeed system (41 KCAS)
required large thrust control rod adjustments and resulted in a minimum transient
rotor speed below 200 rpm. These points are very near maximum performance
for these flight conditions. A discussion of the risk involved in approaches, such
as the note below, should be included irn the operator's manual and the CH47
standardization guide.

NOTE

At a 46,000-pound gross weight, an engine failure during the
final portion of a normal apprmach may result in a hard landing.

1
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CONCLUSIONS

GENERAL

40. The following conclusions were reached upon completion of the height-velocity
tests of the CH47C helicopter equipped with TS5-L-11A engines:

a. Singleengine height-velocity performance was similar for similar
conditions regardiess of which engine remained operational (para 13).

b. Within the scope of this test, the entry characteristics following simulated
single-engine failure are satisfactory (para i4).

¢.  Power settling following single-engine failure from an out-of-ground-effect
hover can be avoided by immediately pitching the helicopter to the accslerating
attitude and then siowly lowering the thrust control rod to regain rolor speed
{para 21).

d. A safe running landing can be made following a single-engine failure if
the aircraft can be accelerated to 58 knots calibrated airspeed prior to reaching
100 feet above ground ievel (para 23).

¢. Where conditions of gros weight and outsid~ air temperature are similar,
an increase in density altitude resulted in a peater height loss (para 24).

. At high density altitudes and similar outside air temperatures, an increase
in gross weight resulted in a greater height loss (para 25).

g. Gros weight had a significant effect on the height-velocity pe.formance
following a simulated single-engine failure from an inground-ffect hover (para 26).

h. There were no detectable chonges in height-velocity performance due ‘o
center-of-gravity location (para 27).

i. Attempts to analytically predict and generalize height-velocity
performance were unsuccessful (paras 28 and 2J).

. The minimum reliable airspeed indication is 30 knots indicated airspesd
{41 knots calibrated airspeed) (para 31).

k. The operational singleengine hei;ht-velocity diagrams developed during
this test are suitable for presentation in the operator's manual when accompanied
by gross weight, density altitude, outside air tempersture information, and a
discussion of the recommended pilot technique (psra 33).
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L ' The oxeoff procedures described in the operator’s manual and the CH-47
standardization gide are safe in the event of a singie-engine failure and can be
safely expanded to include an attitude of § degrees, riose low (para 3°).

m. At a 40,800-pound gross weight or greater, an engine failure during the
firal portion of a steep approach may result in a hard landing (para 38).

n. At a 46,000-pound gross weight, an engine failure during the final portion
of a nonm1l approach may result in a hard landing (para 39).

0. No Jeficiencies and one shortcoming were identified during this test.

SHORTCOMING AFFECTING MISSION ACCOMPLISHMENT

41. Correction of the shortcoming, extensive pilot compensation required to
contro! pitch attitude following a simulated single-engine failure from an
out-of-ground-effect hover, is desirable (HQRS 6) (para 21).
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RECOMMENDATIONS

41 The shartcoming, correction of which is desirable, should be corrected.
43. The following infomnaiion should be included in the operator's manual:

a. A "CAUTIOM" with discustion of the powersettling phenomenon and the
technique uszd to proveni i {pars 21

b. The pilot technigue foilowing singe-engine fadure (para 27).

¢. The operational heigni-veiocity diagrams zccompanied by gross weiht,
density altitude, ard outside #r temnerature information, and a discussion of the
recommended piot technique (para 33).

d. A steepapproach NOTE: “Ara 4¢0,800-pound gross weight or greater,
an engine failure during the final portion of s steey approach wmay cesult in 2
hard landing." (para 38):

e. A normal-approach NOTE: "At a 4£.700-pcund gross weighi, an engne
fuilure during the final portion of a normal approach may result in a h2ed landing.”
(para 39).

44, The normal takeoff technique, described in the operator’s manual and CH-47

standardization guide, shiouid e usec for operations and training, whene ver possibie,
to reduce the possibility of damage following single-engine f{ailurs (para 135).
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APPENDIX B. AIRCRAFT DESCRIPTION

GENERAL

1. The test CH4TC helicopter was . equipped with two Lycoming turboshaft
‘TSS-L-11A cngines mounted in sepurate nacelles on the aft fuseage. The engines
(cach rated at 3750 shaft horsepower, sea level, standard day) dirve two three-bladed
rotors in tundem through a combining transmission, drive shafting, and reduction
trunsmissions, A gas turbine hydraulic auxiliary power unit drives the aft
transmission accessory pearbox to provide hydraulic and electrical power for engine
starting and other ground uperations when the rotors are stopped. A pod containing
three fuel tanks is located on each side of the fuselage. The helicopter is equipped
with fixed landing gear. An entrance door is located at the forward right side
of the cabin fuselage section. A hydraulically powered loading ramp is located
at the rear of the cargo compartment. The pilot seat and controls are located

on the right side of the cockpit; the copilot seat and controls are located on the
left side.

Physical Dimensions

Length (fuselage) $1.0 1t
Length (rotors tuming) 99.0 ft
Overall height (rotors stationary) 18.7 ft
Width of cabin 9.0 ft
Treed (forward gear) 10.5 ft
Tread (aft gear) 1n2Mn
Rotor diameter 600 ft
Rotor solidity 0.067
Number of rotors 2
Blades per rotor 3
Dise ana (total) 5655 ft2
Swept area 5000 ft2
(approx)
Weight Data
Empty weight (specification) 20420 b
Design gross weight 33,000 b
Altcrnate design gross weight 46,000 1b

Lperational Rotor Speeds

Gross weight of 40,000 pounds or less 235 rpm
All gross weights (normally used only
ahove 40,000 pounds) 245 rpm



CENTFR-OF-GRAVITY LIMITATIONS

Forward Limit

2. The extreme forward limit is FS 30! up to a gross weight of 28,550 pounds.
From this point, the forward cg limit decreases linearly to FS 309.7 at a gross
weight of 33,000 pounds. iom this point, the forward cg limit again decreases
linearly to FS 319.7 at a gross weight of 46,000 pounu..

Aft_Limit

3. The extreme aft cg limit is FS 349 up to a gross weight of 28,550 pounds.
From this point, the aft cg limit decreases linearly to FS 338 at a gross weight
of 33,000 pounds. From this point, the aft cg limit decreases to FS 335 at a
gross weight of 46,000 pounds.

Fuselage Station

4, The fuselage station is measured in inches from the reference datum line
located 21.5 inches forward of the nose of the heliconter.



APPENDIX C. DATA ANALYSIS PROCEDURES

DATA CONSISTENCY

I. To ensure dats ¢r. .iation and technique consistency, three diticxl parameters
were identified and allowable deviation estsblished. These parametets and litnits
are as follows:

a. Pitch attitude, =3 degrees.

b: Pitch rate, ¢3 degrees per second.

¢. Delay time, 20.3 second.

EXCEPTIONS TO CONVENTIONAL HEIGHT.VELOCITY TEST TECHNIQUES

2. The Fairchild Flight Aralyzer was not used for data acquisition during this
test. At Tonopah Test Range, Nevada, the primary data acquisition method used
was radar space positioning, with the AN/APN 171 radar altimeter as a secondary
method. While at Tonopah, the radar altimeter was calibrated by space positioning.
At Edwards Air Force Base, California, the radas altimeter was used as the primary
data acquisition method. The radar altimeter, with altitude information on both
the photopanel and the oscillograph, was adequatz for data acquisition for the
test technique used. Altitude and rate-of-descent information was available from
the oscillograph trace.

U



APPENDIX D. HANDLING QUALITIES
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" APPENDIX K. TEST INSTRUMENTATATION

COCKPIT PANEL

Boom aivspeed

Ship's system airspoed

Rotor spesd

Boom altitude

Ship's system aitineter

Angie of sidealip

Angle of attack

Longitudinal centrol position

Lateral control position

Directional control position

Thrust control rod (collective control)
position

Cruise guide indicator

Radar altimeter indicator

PHO''OPANEL

Boom airspeed

Ship's system airspeed

Rotor speed

Gas producer speed (Nj) (both engines)
Boom altitude

Ship's system altitude

Free air temperature

Fuel temperature (both engines)

Fuel used (both engines)

Engine torque (both engines)

Rate of climb/descent

Time of day

Correlation counter

Camena cuunter

Oscillograph record counter (No. | and No. 2)
Event light (pilot)

Event light (engineer)

OSCILLOGRAPH NO. 1

Rotor blip
Engine fuel flow (both engines)

PR ..



Aft pivotinglink actuator

Aft fixedslink actuator

Cruise guide indicator

Forward gear oleo extension (left and right)
Afl geur oleo extension (left and right™

Aft gear shock axial load (left and right)
Aft gear upper drag load (left and right)
Aft gear axial load spindiec (left and right)
Aft gear lower drag bending (left and night)
Aft gear vertical acceleration (left and right)
Aft gear touchdown switch (left and right)
Voltage monitor

Photopanel camera blip

Engineer event

Pilot event

GSCILLOGRAPH NO. 2

Boom airspeed

Longitudinal control position

Lateral control position

Directional control position

Thrust control rod (collective contrel)
porition

Differential collective pitch (DCP)
speed trim povition

Forward cyclic speed trim position

Throttle position (both engines)

Pitch SAS (toth channels) (No. | and No. 2)

Roll SAS (both channsls)

Yaw SAS (both channels)

Pitch attitude

Roll attitude

Yaw attitude

Pitch rate

Roll raie

Yaw rate

Pitch acccleration

Rol: acceleration

‘faw acceleration

Angle of attack

Angle of sideslip

Gas prcducer speed (N1) (both engines)

Center-of-gravity normal accelemtion
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Rotar speed

Rotor blip

Radar altitude
Photopanel camera biip
tugineer event

Pilot event



B L T,

APPENDIX P. TEST DATA

INDEX
Figure.

Minimum Transient Rotor Speed

Pitch Characteristics Commanded

Power Settling

Airspeed Calibration

Height-Velocity Diagrams for Level Flight
Operational Height.Velocity Diagrams for Level Flight
Single-Engine Failupe Punng Takeoff
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The CH4'XC heightvelocity flight test prograra was conducted at Edwards Air Force Base and
Shafter, Califomnia, and Tonopsh Test Nevada, between 29 Septermber 1971 and
9 March 1972 Enginecring flight tests were conducted (0 develop realistic single-engine
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no deficencies were identified, but one shortcoming was identified: the excessive put
compensation required to comrol pitch attitude following a simulated single-engine failure from
an out-of-groundeffect hover. The heightvelocity diagrams devaloped are suitable for inclusion
in the operstor's mamml when accompanied by the flight conditions snd a discussion of the
pilot technique. Entry characteristics of the helicopter following engine failure are satisfactory.
Power settling may oocur following an engine faihure from an out-of-groundeeffect hover unjess
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