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DRICURRENT CIVIL WATER IMPACT & CURRENT CIVIL WATER IMPACT & 
DITCHING ENVIRONMENTDITCHING ENVIRONMENT

CIVIL ROTORCRAFT DITCHING AND SURVIVABLE WATER IMPACT 
ENVELOPES
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DRIACCELERATION PEAK gACCELERATION PEAK g--TIME TIME 
CHARACTERISTICSCHARACTERISTICS
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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

Envelope of
Ground Conditions



DRICIVIL ROTORCRAFT SEAT DYNAMIC CIVIL ROTORCRAFT SEAT DYNAMIC 
TEST REQUIREMENTS (27.562)TEST REQUIREMENTS (27.562)

60 Deg. Orientation 60 Deg. Orientation 

•• Peak = 30 g Peak = 30 g 
•• Vel. Change = 30 fpsVel. Change = 30 fps
•• Rise time = 0 .031 Rise time = 0 .031 

sec.sec.
•• Onset rate = 967 Onset rate = 967 

g/secg/sec

•• Vertical components;Vertical components;
26 fps, 26 g, 838 g/sec.26 fps, 26 g, 838 g/sec.

Longitudinal (10 Deg. Longitudinal (10 Deg. 
Yaw)Yaw)

•• Peak  = 18.4 gPeak  = 18.4 g
•• Vel. Change = 42 fpsVel. Change = 42 fps
•• Rise time = 0.071 secRise time = 0.071 sec
•• Onset rate = 259 Onset rate = 259 

g/secg/sec
Compliance;
Lumbar Load, HIC, SI, 
Restraint loads



DRI

DITCHING COMPLIANCE PROCEDURESDITCHING COMPLIANCE PROCEDURESDITCHING COMPLIANCE PROCEDURES

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

•• Scale Model TestingScale Model Testing
-- rigid, costlyrigid, costly

•• Similarity to Existing DesignsSimilarity to Existing Designs
-- size limitationssize limitations

•• Pressure CalculationsPressure Calculations
-- static flotation analysisstatic flotation analysis

•• Vertical Load Factor CalculationsVertical Load Factor Calculations
-- stall speed, no sink velocitystall speed, no sink velocity

•• ProceduresProcedures
-- underunder--estimate pressure & accelerationestimate pressure & acceleration



DRIDITCHING/WATER IMPACT; 
DYNAMIC CONDITION

DITCHING/WATER IMPACT; DITCHING/WATER IMPACT; 
DYNAMIC CONDITIONDYNAMIC CONDITION
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WATER IMPACT DAMAGEWATER IMPACT DAMAGE

5FPS ROD

160FPSLong

50FPS ROD

28FPS ROD

39FPS Long 



DRI

BH205 BASIC BH205 BASIC ‘‘KRASHKRASH’’ MODELMODEL

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



DRIBH205 DLE CONSIDERATIONSBH205 DLE CONSIDERATIONSBH205 DLE CONSIDERATIONS
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. 0 to 25 10 to 28 
Longitudinal Velocity Ft/Sec. 0 to 80 0 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
Load 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 psi -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 g 30/30/15 <1> 30/30/15 <1>
           Engine
          Transmission
           Fuel

<1>  Vertical/Longitudinal/ Side



DRI

PROCEDURAL STEPS

•• Establish respective ditching and water Establish respective ditching and water 
impact conditions & acceptance criteria;impact conditions & acceptance criteria;

occupant loads, seat stroke, sea state, structure load occupant loads, seat stroke, sea state, structure load 
limit, panel failurelimit, panel failure

•• Perform analysis to account for variations in;Perform analysis to account for variations in;
seat load limit, gear position, symmetry, protrusions, seat load limit, gear position, symmetry, protrusions, 
suction, panel strength, bulkhead strengthsuction, panel strength, bulkhead strength

•• Obtain Results;Obtain Results;
strengthstrength envelopes, floor & cg responses, occupant envelopes, floor & cg responses, occupant 
& restraint response& restraint response
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DRAG EFFECTSDRAG EFFECTS

L ongi tudinal  A ccel . A s a Funct i on of  Forw ard Veloci ty ; FS 42 Floor M ass
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NOSE-OVER POTENTIALNOSENOSE--OVER POTENTIALOVER POTENTIAL
Nose-Over Potential
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Pitch Attitude(-down) Protuberance Drag psi
Floor Long-term Aft Accel Floor Peak Aft Accel

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



DRI

SUCTION FORCE EFFECTSUCTION FORCE EFFECT

Pi tch A tt i tude as a f unct ion of  Suct i on Force; D i tching
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GROUND vs. WATER vs. SOILGROUND vs. WATER vs. SOIL
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DRITRADE OFF TRADE OFF ––
Floor Floor GzGz-- Sink Speed Sink Speed –– Panel DesignPanel Design

Floor Peak Acceleration Vs. Sink Speed and Panel Strength; 
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Floor at FS 42 Floor at FS 85 Floor at FS 102
Floor at FS 139 FAR27/29 Peak Floor Pulse

DP1 DP1.5 DP1.5

DP1 = Panel Design Pressures
DP1.5 = 1.5 x Panel Design Pressures 
DP2 = 2 x Panel Design Pressures

NO PANEL FAILURE ENVELOPE, LUMBAR LOAD < 1500 LB.

DP1 DP2

14.5 g Seat
12.5 g Seat

Rigid Seat



DRITRADEOFF TRADEOFF ––
Mass Mass AccelAccel..--Sink SpeedSink Speed--Panel DesignPanel Design

Peak Mass Item Acceleration Vs. Sink Speed and Panel Strength; 
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1.5 DP2

DP1 = Panel Design Pressures
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DP2 = 2 x Panel Design Pressures

NO PANEL FAILURE ENVELOPE

DP1
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FLOOR ACCEL VS. SEAT STROKEFLOOR ACCEL VS. SEAT STROKE
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DRIWATER IMPACT DLE 
PREMISE

WATER IMPACT DLE WATER IMPACT DLE 
PREMISEPREMISE
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Civil Rotorcraft, 95th % Land & Water - Upper Civil Rotorcraft, 95th % Land & Water - Lower

SPECIFIED:
Configuration, % Lift
Pitch Attitude _ Degree
Landing Gear Extended/Retracted
Criteria
     Seat Load Limit < _ g
     Seat Stroke <  _ In. 
     Interior Design Pressure, < _ psi
     Mass Item Limit; Vertical,    
     Longitudinal, and Side < _ g

Engine > Criteria

Engine > Criteria

Mid Fuel > Criteria

Interior Bulkhead Pressure 
>Criteria



DRIPROPOSED FAR27/29.563 
DITCHING DLE 

PROPOSED FAR27/29.563 PROPOSED FAR27/29.563 
DITCHING DLE DITCHING DLE 
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Current FAR27/29.563 Ditching Criteria

Proposed FAR27/29.563 Ditching DLE

SPECIFIED PARAMETERS
GEAR EXTENDED/RETRACTED, 2/3 LIFT
N O MASS ITEM FAILURE
N O UNDERSIDE PANEL FAILU RE
SEA STATE 4, L /H > 10, <20
PITCH, ROLL, YAW < + 10 DEGREE



DRIPROPOSED FAR27/29 95th

PERCENTILE
PROPOSED FAR27/29 95PROPOSED FAR27/29 95thth

PERCENTILEPERCENTILE
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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

MAXIMUM GTOW, 2/3 LIFT
PITCH; < + 5 DEGREE
ROLL, YAW < 10 DEGREE
LANDING GEAR EXTENDED OR 
/RETRACTED 
LUMBAR LOAD < 1500 LB.
SEAT LIMIT < 14.5g
SEAT STROKE < 5 IN. 
NO MASS ITEM FAILURE Based on  30 g 
Vertical & Longitudinal, + 15 g Side



DRIFLOOR ACCELERATIONS FLOOR ACCELERATIONS ––
DITCHING & WATER IMPACTDITCHING & WATER IMPACT
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CG PULSES- DITCHING/WAVECG PULSESCG PULSES-- DITCHING/WAVEDITCHING/WAVE
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LONGITUDINAL- TRIANGULAR

VERTICAL - TRIANGULAR

Vel. change = 24 fps 
Peak = 7.3 g
Time = 0.200 sec.
Tr = 0.040 sec.

Vel. change = 24 fps
Peak = 10.0 g
Time = 0.150 sec.
Tr = 0.040 sec. 
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CG PULSE -WATER IMPACTCG PULSE CG PULSE --WATER IMPACTWATER IMPACT
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DRIFLOOR LATERAL ACCELERATION; 
FS 139 BL 26

FLOOR LATERAL ACCELERATION; FLOOR LATERAL ACCELERATION; 
FS 139 BL 26FS 139 BL 26
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CONCLUSIONSCONCLUSIONS

•• 500 ditching and water impact scenarios 500 ditching and water impact scenarios 
analyzedanalyzed

•• Design Criteria and DLE based on multiple Design Criteria and DLE based on multiple 
considerations;considerations;

•• structure, occupant, restraint loads, sea state, structure, occupant, restraint loads, sea state, 
impact conditions, float and underside designimpact conditions, float and underside design

•• FAR27/29.563 Ditching RecommendationsFAR27/29.563 Ditching Recommendations
•• FAR27/20.562 ConsiderationsFAR27/20.562 Considerations
•• DOT/FAA/ARDOT/FAA/AR--07/807/8”” The Development of Ditching The Development of Ditching 

and Water impact Design Limit Curves For Civil and Water impact Design Limit Curves For Civil 
RotorcraftRotorcraft””, May 2007, May 2007
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RECOMMENDATIONSRECOMMENDATIONS

•• 9595thth Percentile Water Impact Percentile Water Impact 
EnvelopeEnvelope

•• Ditching  Strength EnvelopeDitching  Strength Envelope
•• Floor Pulses Associated with Ditching Floor Pulses Associated with Ditching 

and Water and Water Impacts vs. 27/29.562Impacts vs. 27/29.562
Floor  & CG vertical, combined verticalFloor  & CG vertical, combined vertical--
longitudinal, laterallongitudinal, lateral
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