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vertical velocity - ft/sec

CIVIL ROTORCRAFT DITCHING AND SURVIVABLE WATER IMPACT
ENVELOPES

=== Civil Rotorcraft, 95th % Land & Water Range - upper

Civil Rotorcraft, 95th % Land & Water Range - lower

=== Civil Rotorcraft FAR27/29.563 Ditching Requirement

—— Civil Rotorcraft, FAR29.519 Float Ditching Criteria
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CHARACTERISTICS

FAR 27/29 Part 27/29.562
Military - cockpit
Mililtary - cabin
UH-1H Ground Test 23 fps vert - 18 fps lat
UH-1H Water Test 26 fps vert
UH-1H Water Analysis (DRI) 26 fps vert
UH-1H Water Analysis (MSC) 26 fps vert
UH-1H Water Test 28 fps vert - 39 fps long
UH-1H Water Analysis (DRI) 28 fps vert - 39 fps long
UH-1H Water Analysis (MSC) 28 fps vert - 39 fps long
Seahawk Ground Analysis (DRI) 30 fps vert
Seahawk Water Analysis (DRI) 30 fps vert
= =—water - upper limit
= =—water - lower limit
ground - upper limit
= ==ground - lower limit

Envelope of
/ Water ConditionS/
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peak vertical acceleration - g

0.04

time to peak - sec




= \/ertical components;
26 fps, 26 g, 838 g/sec.

Lonaituainal (10 beg.

Yaw:

Peak = 18.4¢g

Vel. Change = 42 fps
Rise time = 0.071 sec

Onset rate = 259
g/sec

Compliance;

Lumbar Load, HIC, SlI,
Restraint loads
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DINNCIHNINGT CONMIELIANCEN=

Reference: DRI 2000-2 “ Task 2.3 Evaluation of FAR |
Part 27/29 Water Impact Standards”

Scale Model Testing
- rigid, costly
° Similarity to Existing Designs
- size limitations
° Pressure Calculations
- static flotation analysis
=1 ® Vertical Load Factor Calculations
- - stall speed, no sink velocity
'K Procedures
- under-estimate pressure & acceleration
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DINCHING/WATER IME
DYNAMIC CONDITILC
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AVERAGE PRESSURE OVER LANDING IMPACT AREA AS A
FUNCTION OF AIRSPEED & ANGLE OF ATTACK

(& ANGLE OF ATTACK — DEf



WATER I)VRACT DAMAGE

5FPS ROD
160FPSLong
28FPS ROD
Pl - % 39FPS Long

'50EPS ROD
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BIH205 BASIC ‘KRASHAVIODER™
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bh205_cfg1_s2.inp
bh205_cfg1_s2 - Time: .000 [s]

SIZE: HALF/FULL
NM =125/206, NHYD = 21/32
NB = 235/420, NLB = 10/20
NNP = 28/54, NDRI =4/8
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'CONSIDERATIONS

DITCHING WATER IMPACT
Configurations Modeled GTOW GTOW
Max Design Landing Max Design Landing
Amphibious/Float Amphibious/Float
Auxiliary Fuel Tank Auxiliary Fuel Tank
S1, S2 Test Article
Design Envelope FAR27/FAR29 Civil 95th Percentile -Upr
Civil 95th Percentile-Lwr
Vertical Velocity Ft/Sec. O to 25 10 to 28
Longitudinal Velocity Ft/Sec. O to 80 O to 60
Pitch Attitude Degree 0,5, 10 0,4,5, 10
Roll, Yaw Degree 10, 10 10, 10
|Sea State Calm Calm
— Sea State 4 No
- .._"" Landing Gear Position Retracted, Extended Retracted, Extended
- |Rigid seat Yes No
~  JLoad Limit Seat g 12, 14.5 12, 14.5
_ |Drag effects (Pitch-over) Yes No
“|Float Design Considerations psi 3,5, 10 10
Panel Design Strength Tradeoff psi Current- 2X current No

Suction -10 No

Criteria

Seat Stroke limit In. 5 5
Lumbar Load Limit Lb. 1500 1500
Underside Panel Failure psi Design Design
Interior Bulkhead Failure psi Design Design
Head Injury HIC 1000 1000
Restraint Belt Load Lb. 1750-2000 1750-2000
Mass Item Restraint o] 30/30/15 <1> 30/30/15 <1>

Engine

Transmission

Fuel

<1> Vertical/Longitudinal/ Side
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ROCEDURAL

[shirespective dltchlng andwater
QndlthnS & acceptance criteria;

L nt loads, seat stroke, sea state, structure load
panel Ffarlure

C m anaIyS|s to account for variations In;

,.ﬁseat load limit, gear position, symmetry, protrusions,
suction, panel strength, bulkhead strength

dbtaln Results:;

strength envelopes, floor & cg responses, occupant
& restraint response
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DRAG.EFFECTS™

Longitudinal Accel. As a Function of Forward Velocity; FS 42 Floor Mass CG Longitudinal Accel. As a Function of Forward Velocity
13 Ft/Sec. Vertical, 50-80 Ft/Sec. Longitudinal, +5 Degree Pitch 13 Ft/Sec. Vertical, 50-80 Ft/Sec. Longitudinal, +5 Degree Pitch
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Acceleration, g (-Aft)

— ax-filt [31], 50 Ft/Sec. Forward Velocity v i} —ax cg, 50 Ft/Sec. Forward Velocity

- ---ax-filt [31], 60 Ft/Sec. Forward Velocity A ---ax cg, 60 Ft/Sec. Forward Velocity
i - ax-filt [31], 70 Ft/Sec. Forward Velocity -+ ax cg, 70 Ft/Sec. Forward Velocity
---ax-filt [31], 80 Ft/Sec. Forward Velocity ---ax cg, 80 Ft/Sec. Forward Velocity

.30 . . X . . . .30
Time, Sec. Time, Sec.
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INOSE-OVER POTENITAL ™

Nose-Over Potential .

== Pitch Attitude(-down) == Protuberance Drag psi
=>&Foor Long-term Aft Accel =™ Floor Peak Aft Accel

VERTICAL IMPACT VELOCITY = 13 Ft/Sec.
INITIAL PITCH ATTITUDE = + 5 Degree
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Longitudinal Velocity, Ft/Sec.



Pitch Attitude as a function of Suction Force; Ditching Pitch Attitude as a function of Suction Force; Ditching
10 Ft/sec. Vertical, 50 Ft/Sec. Longitudinal, Pitch = + 10 Deg. 12 Ft/sec. Vertical, 25 Ft/Sec. Longitudinal, Pitch = + 5 Deg.

|
— theta [31], No suction
---theta [31], -10 psi Suction,f(penetration)
- theta [31],-10 psi Suction f(time)

— theta [31], No Suction
---theta [31], 10psi Suction f(penetration)
- theta [31], 10 psi Suction f(time)

Pitch, Radians (+ Nose Up)
Pitch, Radians (+ Nose Up)

.30
Time, Sec.

INITIAL PITCH = + 10 INITIAL PITCH =+ 5
DEGREE DEGREE
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SROUND vsy WATERWsSsSOTLL ™

rigid s2
scoop s2

— — —water s2

0.08
time - sec




"TRADE OFF — _

F;_ Gz- Sink'Speed — Panel besign

Floor Peak Acceleration Vs. Sink Speed and Panel Strength;

=== |o0r at FS 42 === Floor at FS 85 ==fr==F|loor at FS 102
=== E|oor at FS 139 =l 'FAR27/29 Peak Floor Pulse
80

NO PANEL FAILURE ENVELOPE, LUMBAR LOAD < 1500 LB.

70 1 |DP1 = Panel Design Pressures
DP1.5 = 1.5 x Panel Design Pressures
60 ] |DP2 =2 x Panel Design Pressures

o e

12.5 g Seat —|

1459 Seat —»

40

Rigid Seat < T
. ._//V/ /
20 I o

Peak g

v

v
0 DP1 ___DpP1 pP1.5 DP15 _Dp2

15
Sink Speed, Ft/Sec.

25




& [RADEOFF—
VigssiAccel. -SinkeSpeed-Panell Design

Peak Mass Item Acceleration Vs. Sink Speed and Panel Strength;

—&®— Transmission —#—Engine —#&—Fuel Mass —=® -30g Criteria\

60

NO PANEL FAILURE ENVELOPE

DP1 = Panel Design Pressures /
50 PP1 5=15%x Panel Pecian Pressure

e
/AT ArTci IJCQI\‘.’II mMTcoourco

DP2 = 2 x Panel Design Pressures /

1

DP
DP1 15

20

15
Sink Speed, Ft/Sec.
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0x (+1) [221-31,1-210,0]-22
= () [221-31,1-210,0]-22

Airframe impact-GTOW-- Seat @ Mass 31 Deflection
22/50; pitch 0 & 5 deg
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Airframe impact-GTOW-- Floor Mass 31 Accel.
22/50; pitch 0 & 5 deg
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ATER IMPACT DLE

PREMISE

=== Civil Rotorcraft, 95th % Land & Water - Upper

Civil Rotorcraft, 95th % Land & Water - Lower

vertical velocity - ft/sec

50
i SPECIFIED:
i i Configuration, % Lift
— Pitch Attitude _ Degree
i Landing Gear Extended/Retracted
401 Criteria
Seat Load Limit < _ g
351 Engine > Criteria Seat Stroke < _ In.
Interior Design Pressure, < _ psi
30 1 Mass Item Limit;| Vertical,
Longitudinal, and Side < | g
25 —
Mid Fuel > Criteria
20 -
15+ Engine > Criteria
\
10 «—/Interior Bulkhead Pressure
\ / >Criteria
5 “/
0 t I — : ‘ —

40 50

60
longitudinal velocity - ft/sec




SROPOSED FAR27/29,568
DITCHING DLE
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Vertical Velocity, R/Sec.
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—l— Current FAR27/29.563 Ditching Criteria

= :Proposed FAR27/29.563 Ditching DLE

\-\

SPECIFIED PARAMETERS

GEAR EXTENDED/RETRACTED, 2/3 LIFT
NO MASS ITEM FAILURE

NO UNDERSIDE PANEL FAILURE

SEA STATE 4,L/H > 10, <20

PITCH, ROLL, YAW < + 10 DEGREE

20

30

40
Longitudinal Velocity ,Ft/Sec.

50
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= Civil Rotorcraft, 95th % Land & Water - Upper
—=Civil Rotorcraft, 95th % Land & Water - Lower
——Proposed FAR27/29 95th Percentuile Survivable Water Impact Limit

NO MAS ITEM FAI URE Based on 30g
Vertlcal & Longltudl al, +15 g Slde




OOR ACCELERATIONS=
SDITCHING & WATER IMPACT

S

=16 R/Sec. Triangular Pulse =20 R/Sec. Triangular Pulse
=B FAR27/20.562 Seat Dynamic Test Pulse <#—26 R/Sec. Triangular Pulse

Seat Test Triangular Pulses

Acceleration, ¢

VERTICAL IMPACT

e -

FS42 Vertical and longitudinal Accelerations (GTOW-Skid) - 95th Upper
20 Ft/Sec. Vertical, 40 Ft/Sec. Longitidudinal, +10-deg. Pitch

—azfilt [31], FS 47 Vertical Acceleration
---ax-filt [31], FS 47 Longitudinal Acceleration

Acceleration, g
=S

Time, Sec.

COMBINED VERTIAL-LONG.
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CG Vertical Accel. As a Function Wave Location
5 Ft/Sec. Vertical, 60 Ft/Sec. Longitudinal, + 10 Degree Pitch
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Vel. change = 24 fps
Peak = 7.3 ¢

Time = 0.200 sec.
Tr = 0.040 sec.

Vel. change = 24 fps
Peak = 10.0 g

Time = 0.150 sec.
Tr = 0.040 sec.

VERTICAL - TRIANGULAR




Acceleration, g (-Aft)
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ITUDINAL-TRAPAZOID

CG Longitudinal Accel. As a Function of Forward Velocity
13 Ft/Sec. Vertical, 50-80 Ft/Sec. Longitudinal, +5 Degree Pitch

***** , 50 Ft/Sec. Forward Velocity | — —
, 60 Ft/Sec. Forward Velocity
, 70 Ft/Sec. Forward Velocity
cg, 80 Ft/Sec. Forward Velocity

CG Vertical Accel. As a Function of Forward Velocity
13 Ft/Sec. Vertical, 50-80 Ft/Sec. Longitudinal, +5 Degree Pitch

—az cg, 50 Ft/Sec. Longitudinal Velocity
— az cg, 60 Ft/sec. Longitudinal Velocity
— az cg, 70 Ft/Sec. Longitudinal Velocity |—|
— az cg, 80 Ft/Sec. Longitudinal Velocity

UILSE-WATERMIMPAC

Vel. change = 55 fps
Peak =5¢g
Time = 0.440 sec.

Tr = 0.060

Vel. Change = 14.5 fps

Peak = 9.0 g
Time = 0.100 sec.
Tr = 0.060

VERTICAL-TRIANGULAR
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.30
Time, Sec.

Floor Lateral Acceleration vs. Longitudinal Velocity
13 ft/sec. Vertical; Side Facing Seat at FS 139 BL 26

60 Ft/sec. Longitudinal
- 70 Ft/Sec. Longitudinal

- 50Ft/sec. longitudinal
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- 70 Ft/sec. Longitudinal

ax-filt [81]
--- ax-filt [81]-
- ax-filt [81]

---ax cg
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ONCLUSIONE

sBONdIching and water impact scenarios
rmaj//@

JdJJJrJ dterla and DLE based on multiple
CONS rLg: ations:;

S ﬂjcture occupant, restraint loads, sea state,
pact condltlons float and underside design

fs ’27/29 563 Ditching Recommendations
EAR27/20 562 Considerations

s DOT/EAA/AR-07/8” The Development of Ditching
and Water impact Design Limit Curves For Civil
Rotorcraft”, May 2007
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ntlle \Water Impact

ng Strength Envelope

___'r Pulses Associated with Ditching
d Water Impacts vs. 27/29.562

— _ _Floor & CG vertical, combined vertical-
: longitudinal, lateral
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