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This «valuation was performed at the request of the 1st ASA. Co» 
Fort Bliss, Texas. The crash survival evaluation system used was developed 
by ths Dynamic Science Division of Marshall Industries under Contract 
DM J02-69-C-0030 for the US *xt0 Research and Technology Laboratories 
(foreerly US Army Aviation Material Laboratories). 

This report has been approved by the Commander, US Army Safety 
Center. 



ABSTIACT 

A crashvöTthineaa aaaanwent of the RU-21B la presented. This assess- 
ment was conducted be*»** o» Apfreadix B. Included are the quantative eval- 
uation and a ranking of «fee e»<eh»mr things* facto*« based on potential for 
improvement. 
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/ 
This report contains a   USÄSC    assessment of the, crash •«£*•* 

ootential of the RU-21B.    The aasesametit waa conducted using the «wilt* 
iT^t^orZ evaluation by   USASC    pef oanal *•""*»£,? £ 
Aooendix B.    The assessment provides a point score based agalast an 
opS»S yaksSck hereby a/^timally crashworthy air craf two« "taj^ 
opcimuB y«u crashworthiness under considera 

ti»    MSÄ£ for Lh .£ the eix ««^«Mn.*. f«V " 
shown below. 

1. Injurious Environment 
2. Evacuation 
3. Troop Retention 
4. Crew Retention 
5. Post-crash Fire 
6. Basic Airframe Craehworthinass 

The areas that require the most improvment £o * ^•^^^Jg?* 
minimally acceptable crash survivability levels ^th^* 8*®cific ***** 
are Injurious Environment, Evacuation and Troop Retention. 
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CRASH SURVIVAL 
EVALUATION 

OF THE 
U-21B 
INTRODUCTION 

A 8yet« to numerically rel«e ££*£Z%g£l£?£jLl 
particular aircraft de.ign to »tot ^^^^^^ a „.1 during 
dealgn i» contained in AppendixB.    Thong"•««P s.imtitf craah- 
the preliminary design ph.ee, the «7«« J£ "^« ^J^ca the 

^ueWr£uir£nte £\£T£ occupant- <*ance. or .urvival in 

"° a^Inli,Tco«alna a di.cuaaion of the rating uaad for thia evalua- 

OBJECTIVES 

relate the crash survival potential of the RU-21* 5° ™f *V£JSjJr 
an optimum design and (3) prioritise the craehworthiness f«ctor» for 
potential survivability improvement. 

i. .i-V; ^>*^ii-UtttaWs-''WvJfc>'\; V •$ V' *- :&ämkiM 



17.92% 130 50 
17.23% 125 41 
35.19% 255 99 
17.23% 125 100 

8.29% 60 17 
4.14% 30 8 

DISCUSSION 

The Rating System and the Overall Bating Results 
The approach presented In appendix B provide« for a systematic 

evaluation of the crash survival potential of an aircraft.  In order 
to locus the proper emphasis on any craahworthiness deficiencies, six 
basic survival factors are conaldered when evaluating an aircraft. The 
six factors along with their haaard potential and optimum number as 
defined in Appendix B, and the »attags established from the RU-21B eval- 
u....ion, are as follows: 

Hazard    Optimum   RU-21B 
Factor Potential   Number   Value 

Crew retention system 
7.    Troop retention system 
li.  I'ostcrash fire potential 
4. Basic airfswtfae crttUfh^orthMess 
5. Evacuation 
6. Injurious environment 

Totals 100.00%      725      315 

Priorltiaigm, JPjMt, A*fl»*, ,;<>f , 3MOTHW& 
In ordttr tö e^fcötMlt^lte 'tJhwa areas in which improvements are most 

desirable for improved eurvivability, an approach was used which con- 
aiders each of »the factors independently. As noted in the above para- 
graph the evaluation rating« d$ appendix B result in an overall rating 
which is the sum of the factors and does not readily answer the question 
"what needs to be done fleet". There is a tendency to view the weighted 
scores relative to other factors rather than to consider each factor on 
its own shortcoming. There is a need to present this shortcoming in 
terms of the percent of attainment of the optimum rating for a given 
factor. Therefore, each of the six factors scores listed above was norm- 
alized to unity, i.e., optimum rating of each factor is 1.0. By taking 
this approach the more deficient factors reflect lower scores as compared 
to optimum.  This results in the following ranking: 

1. Injurious Environment .27 
2. Evacuation .28 
3. Troop Retention .33 
4. Crew Retiention .38 
■>. Post-Crash Fire .39 
6.  Basic Airframe Craahworthiness    .80 

This shows the factors, independent of all other factors and hatard 
potential, which have the greatest need for improvement based on the 
score« deviation from th_ optimum score of 1.0. 



W^CJJ^BIJOSLOJL^-?^^.,     aa  <«nr«v«ment effort must consider the 
—xSS-JSST^Tcraehworthln«.. inip^^n^ endeavor to enhance 
survivability of the aircraft: as a system £ «J^ ^^^ and 
survivability with consideration giv« « fac;or6 and subfactors. 
practicality of the approach. »• ^«J~« f^^able environment- If, 
although independent, do interact to «*f ^^ some degree au injur- 
as with the MJ-21B. th* ^8slo^Xr the tot*afhazard can be minimised 
ioue environment whicn is «*""*£; «reatly improved, e.g., Prevent 
if crew/operator restraint systems »J «J6»"^^ ^ 'the  other hand, if 
the individuals from contacting injurious objects. «       füel ays. 
it is deemed impractical to equip the aircraft with «•     Uacuatian 

tems, an excellent emergency exit ^f^^lt^Tft     The use of this 
time and permit rapid •*™**~l Jf^J f/'he factors within apP,i~ 

the following! „„«^„«.-»«iiv one of the most serious 1. injurious önviionment is potentially one OL we 

injury-causing mechanisms.    .    sianificantly different in priority 
2. Evacuation is riot considered signun."»";   4«4„«,/f*tAiitv- 

injurious environment poses one of the most *^ouf ™JJ;rftft becoIBes 

""'"'-Minion equipment operator retention and oeat^ ^^^ 
This again compounds injurious environment. Lack of ehoulder k«™«8 

'"Y1^ U^^ASA^ -an mie.ion ejuipmert operator 

""',:• pat^rl^TirraAaeuarfon raltÄen regier ere Poten 

T Z^^^^TX s, , sf S.S.1 ^-s. s» 
ot .,.nition sources ana * ÄCCidents indicates that due to mode shortcomings. A review of past U-il accidents inuIL 
.of operation post-crash fires do not occur often; however, this does n 
diminish the lethality of fire once it does occur. 

6. Basic alrframe crashworthiness is considered good. 
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CONCLUSIONS 

The assessment of the MI-21B creelucorthiaess provides the following 
conclusions: 

1. The RU-21B in its present configuration ioe« not provide an 
adequate level of survivabllity. 

2. Improvements to the«« factors on an aircraft system basis can 
be accomplished to enhance total oocupant survivability. 

3. Crashworthin««« factor« .which enhance occupant survival»ility 
an be quantitatively evaluated and prioritised to eatablish most press- 

ing improvement requirements. 
A. The top three factors haviag the wt pressing need for improve- 

ment are: 
a. Injurious Eavironmeftt: Elimination of sharp corners, knobs, 

handles, etc. associated with mission equipment. 
b. Evacuation: The «mengenry escape syetem should permit unaided 

egress without any unusual «ffotrt by the occupants, i.e., ability ,to walk 
out versus cWfflbing out (overhead hatch). The opening should be large 
enough to permit the entry of rescue personnel and equipment. 

c. Troop Retention: The mission equipment operators should be 
provided with «n upper torso restraint system. 

5. Appendix B in its present form doe« not readily identify 'Sihat 
needs to he dome first." %e numerical score tend» to be mislesding 
when conaiflteriag the overall crashvorthinees of a current aircraft. 
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RECOHMEN^TION 
rv' 

1 Recommend that the results of this assessment be used to identify 
and justify improvements to those factots Usted in such a manaar as 
to optimise the «Ü-21B system occupant survivability. 

2 RacoHonand that evaluation criteria contained in Appendix B be up- 
dated based on current accident data and scoring be developed to read- 
ily reflect the priority of the areas in need of Improvement. 
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Oct »71 

2. Federal Aviation JM#tO*tlc»0, .#££ 23, ä&m&Bitmuiß* SWtlfo&tt: 
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4f?BKDIX A 

Crash Survival Evaluation 
of the KU-21B 

This evaluation is based on the probable performance of an air- 
craft in a severe crash. In less severe crashes some of the ratings 
nay not be quite as important as others. It is assumed that protect- 
ion of the occupant to the limits of a severe crash is the major goal 
in aircraft survivability. To develop a reasonable crash survivability 
rating, weighted values have been assigned to the various factors. The 
percent of weight assigned to each factor is based on it» relative 
hazard potential. 



CRBW RETEHTIOW 8JTSTBM RAXING 

Vertical Energy Ataorption Caamcity 
Restraint Webklng Geoawtry and Strength 
Seat Longitudinal Strength 
Seat Lateral St*BBg£h 
Sjat Vertical 1l—^Jl 
Absence of C^Jrfng in Stressed Areas 
Shoulder S^rep Quids WWth 
houlder Straf» fullHMf Angle 

Lap Belt Angle to Saat Cushion 
Lap Belt Tledova Strap 
Inertia Reel ^ype 
Depth of Structure Between Timor and Bally 

focal Points 

vDldHUB System 

*S£ÄS* 

10 2 
•30 21 
15 4 
5 1 
5 1 

an 10 
10 0 
10 0 
10 10 
10 0 

H/A N/A 
5 1 

130 50 

TW8P MMSriOlf SYSTEM tUttSK 

Vertical Energy Absorption Capacity 

Restraint Wahbdtag Geoa»try and Stseagfeh 

Seat Longitudinal. Strength 
Seat Lateral Strength 
Seat Vertical Strength 
Absence of Castings In Stressed Arses 
Shoulder Strap Pull-Off Angle 
Lap Belt Angle to Seat Cushion 
Lap Belt or Side Tiedosm Strap 
Depth of Structure Between Floor and Bally 

Total Points 

10 

30 

15 6 
15 5 
5 1 
10 10 
10 0 
10 7 
10 0 
10 1 

125 41 



POSTCBAillS 7IU PÖTEKXIAL RATING 

Optimum 
Numbei 

Actual 
Value 

Spillage Control 
Fuel Containment 
Oil Containment 
Flammable fluid lines 
Firewall 
Fuel flow interruptors 

60** 
20 
30 
9 
9 

15 
14 
0 
7 
7 

Ignition Control 
Induction and exhaust flame location 
Location of hot metal« and shielding 
Engine location and tiedown strength 
Battery location and tiedown strength 
Electrical wire routing 
Boost pump location and tiedown strength 
Inverter location and tiedown strength 
Generator location and tiedown strength 
Lights location and tiedown strength 
Antenna location and tiedown strength 

Total Points 

30 
30 
15 
12 
12 
7 
6 
6 
5 
4 

255 

25 
10 
7 
3 
5 
0 
1 
3 
2 

J> 
9* 



BASIC AIRFMMB öbAMWQM»IHM8 ftaTOiG 

Distance front Nose to Traap7»«aaattg«r A*e* 
Absence of "Plowing" T*a*a»cy 
Resistance to Longitudinal Impact Loads 
Resistance to Vartical '&4paict ixKtfds 
Resistance to Lateral and-"Äd&L'-'ÖWmr Impact Loads 
Landing Gear ?a*tical Patte AttaOttition 
Landing Gear LooAtion 
•ffect of Wing äaparaeioa on GaMn Occupants 
Effect of Fuselage Fraettare/Separation in 

Long-Body Aircraft 
Total PmA*». 

>ippaaamm Actual 
flfcfeffefer Vafcue 

30 16 
•15 id 
15 *14 
10 10 
15 '15 

5 3 
5 5 

10 7 

iS5- # 

WAGWfttttWJfAJBtG 

Ease and Reliability of BaCLt 0pa*atlon <15 
Ratio of Usable Exita ^ Oü.aupaW.8 15 
Identification of B*its '10 
Availability of Exits in RoIladiAircrwft 10 
Emergency lighting &0 

total Point« 60 

6 
6 
4 
1 

-P. 
17 

INJURIOUS ^ISJWIMENT JBAtUiG 

Proximity of Coekpit Controls and Other 
Structure 

Retention of Interior Equipment 
Rudder Pedal Area 
Absence of Injurious Objects in Cabin 

Total Points 

•10 l 
10 A 

5 3 
5 0 

"30 8 

10 



INDIVIDUAL SYSTEM RATINGS 

General „v,™m in T?ionres 1-3.  These  TTT          c  ♦.*,*, PTI-91P, aircraft are shown in rigurcs. x  J. 

Is shown in Figure 5. 

HI safe 

mti 

Tm®mf> **%sm 

M m 
'^ 

J^SSStNäSSäi 

FIGURE 1 

P! ■ 

*riöt)SM. 

FIGURE 3 
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CHANNÜ 

FIGURE 4 ~»Mlc PiNtaga 
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FIGURE 5  -Genera! Interior Aria-ngement Diagram 
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The KU-21B iü an unpressurized, low wing, all metal aircraft 
pow.red by two T74-CP-702 turboprop engines.  The primary mission of 
fiic aircraft: is that of radio reconnaissance. 

i'rew Retention System Rating 
""""SYSTEM" DESCRIPTION 

The pilot's and copilot's seats of the RUr21B are arranged in a 
■ /'u- by side, configuration as shown in Figure 5.  The seats are adjust- 
able (hair type seats having adjustments vertically as well as fore and 
ati.  They are tabular frame construction and attach to a floor mounted 
■». a i'.  The seat bottom and back consists of foam rubber cushions äbprox- 
i'K'.te.ly 4" thick.  The seat belts attach to two floor disconnect fittings 
aft of the seats.  The shoulder harnesses attach to a roof mounted inertia 
reel to provide crash restraint.  See Figure 6.  The reel Will lock auto- 
matically under a 2 'G' impact or may be manually locked.  Seat design 
is assumed to conform to Reference 2. 

FIGURE 6 

Optimum     System 
.1.  Vertical Energy Absorption Capacity Points       Rating 

The design of the seat assembly does not        30 2 
provide for energy attenuation.  In add- 
ition, buckling of the seat does not 
appear to provide any significant energy 
attenuation.  The 4" seat cushion will 
not provide attenuation but could in 
fact result in hxgher peak acceleration 
dw<-   to dynanr  overshoot. 

U 



2. Restj^jnntJ^Mnfc^Geomg^ and Strength 

The lap belt: and shoulder harness webbing 
IK 2 inches wide and .09 inches thick. 
Ultimate strength of this webbing was 
assembled to be 5000-6000 pounds. No 
tie strap is provided in the design. 

3. Seat  hon^tudinal_Strength 

Tne longitudinal design load factor for 
the beat is 9G compared to the 35G minimum 
factor considered to be minimum; There- 
fort: 9/35 of the 15 point optimum is given. 

A.  Seat Lateral Strejigth 

The lateral design load factor for the seat 
is I.5G, compared to the 20G factor consid- 
ered to be minimum.  Therefore, 1.5/20 of 
the IS point optimum is given. 

3 •  Sea..(L^ejr_tJjcaJ^St^en^^ 

The vertical design load factor for 
the seat: is 3G compared to the 25G factor 
considered to be minimum.  Therefore a 
rating of two points are given. 

6.  Absence, of Castings in Stresses Areas 

No castings are used in stressed areas 
and the optimum points are given. 

/.  Shoulder Strap Guide Width 

No shoulder strap guide is provided; 
therefore no points are given. 

3•  Shojulder_j»trap_ Pull-Off Angle 

'1.1 if.; shoulder harness is attached to 
the roof of the aircraft «ft of the 
s«at at a distance of 18-20 inches 
ab.'w the shoulders.  This results 
In a : uli-off angle of approximately . 
?r)° ati  compared to an optimum of 0-25 • 
Ziirv  points are given. 

Optimum 
Points 

30 

15 

15 

10 

10 

10 

System 
Rating 

21 

10 

15 



y       Lap   lit U:  A^^__J:j)__So/i_(._jCu3liion 

I/In-   ;ap beJt   centerlinu  projects  at 
,i,   angle   of  approximately  45°  to 

profile; therefore, optimum point6 
•irp eiveri. 

Optlinu» 
Points 

10 

System 

10 

i u .  1 ,.-JJI be It Tiedovn _St _ra£ 

'■in   ]■■ '-litts 'ire given since a tiedovm 
;>f. r;jp :s not provided. 

j;   inertia _Reei Typi_ 

^.lc-r applicable to fixed wing aircraft. 

L 2 .  D ej i U! o f_ Cras h ab 1 e_ Structure Between 
Floor and Be.lly 

Approximately 12" of crushable structure 
is provided as rempared to the 24" required. 
however, since the fuselage bottom is flat 
rather than circular, only 1 point is given. 

10 

Troop \ii> i cation Sya tem 
Three mission operators seats are mounted in the aft cabin area as 

shown in Figure 5.  A view of the seat is shown in Figur« 7.  The seats 
are ,i junted on tracks near the mission consoles and may be swiveled to 
allow the operators to face forward, inboard, or aft.  The lap belts 
n't„eh to the seat.  No shoulder harness is provided.  The seat is assumed 
to have been designed to Reference 2. 

F'iGURF. 7 

IS 



1. Verl. icajju i^rj^Aj^r p^^ 

The mission operator's seat structure 
does not provide for energy attenuation 
by either design or buckling. Neither 
is any attenuation provided by the 3 ' 
seat cushion. In fact, studies have 
shown that higher peak accelerations 
can result due to dynamic overshoot. 

2. Restraint Webbing Geometry and Strength 

The lap belt used in the RÜ-21B is 2 inches 
wide and .09 inches thick. The ultimate 
strength was assumed to be 5000 lbs. No 
lap belt tiedoen or shoulder harnesses 
are provided.  Result is awarding of 9 
points to this factor. 

3•  Seat Longitudinal Strength 

Assuming that, the seat complies with 
Ref. 3, the seat had a longitudinal 
design factor of 9G. 

4• jS_Gat Lateral Strength 

Assuming that the seat complies 
wi;.h Ref. 1, and is a swiveling 
se;it, it has the same strength in 
ehe lateral and longitudinal direc- 
tion« , i.e., 9G. 

"> -  %-fiJLJ^JLii;ifl Strength 

Assuming that the seat complies with 
Ret. 1, it has a vertical design 
factor of 3G. 

6.  Absence_ot Castings in Stressed Areas 

The seat is free of castings in stressed 
areas.  The optimum points are given. 

No shoulder strap is provided; therefore; 
lid  po i n t s   a re  a J lowed. 

Optimua 
Points 

10 

30 

15 

15 

10 

10 

System 
Rating 

10 

17 



8. Lap Belt Angle to Seat. Cushion- 

The lap belt Is attached to the seat at 
the seat back and seat cushion- iivt»rs«c- 
tion (See Figure 8). The angle is thefjfr- 
fore approximately 30° compared to a 
minimum of 45°, therefore seven point« 
are allowed. 

Optlmuat 
Pbdats 

10 

b.y«tem 

FIGURE 8 

9.  Lap Belt or Sid6 Tiedp^, Str-Sp. 

A Jap belt or side tiedoW «trap is 
not provided; therefore no points 
are allowed. 

10.  Depth of Structure Between Floor and B*lly 

Same as crew retention sys-te«. 

V* 

10 

18 



POST-CRASH FIRE POTENTIAL RATING 

Spillage Control 

1. Fuel Containment 

The RU-21B containment system consists 
of 2 identical systems in each wing 
connected by a crossfeed manifold. 
Fuel in each system is contained in a' 
nacelle tank and gives interconnected 
wing tanks.  (See Figure 9) 

Optimum 
Points 

60 

System 
Rating 

15 

FIGURE 9 -RU-21B Fuel Containment System   (Some Interconnecting lines removed for clarity.) 

Fuel can be transferred between the 
two systems by electrically operated 
transfer pumps located on the bottom 
of the fuselage (See Figure 10). 
Total usable fluid for both systems 
is 396 gallons (2574 pounds).  The 
nacelle and inboard main wing tanks 
are self-sealing (bullet-resistant) 
type.  The other tanks are constructed 
of a rubberized material, but are not 
self-sealing.  They are connected by 
metal couplings.  The two nacelle 
tanks are equipped with a submerged, 
electrically driven boost pump located 
on the bot torn of the engine nacelle 
(See Figure .11) . 

FIGURE 10 

FIGURE 11 

19 



a.  Location 

Because of their location in the wings, 
the tanks are highly susceptible to 
damage/rupture/puncture in a crash, 
especially in rough terrain. 

t>. Vulnerability 

T\ie  fuel tanks located in the, wing* are 
Highly susceptible to crash, dam£g«u Man» 
locations such as the filler areas, fuel 
quantity indicators and vent« are, rigidity 
attached to the wing structure and the 
iucL  tank.  The tanks are connected, by. 
metal coupling. Any deformation in. an- 
accident can result in the. fittings 
r>ei.ng torn from the tanks and fuel 
spillage. 

Optimum 
Point« 

1*. 

System 
Rating 

Construction Technique, 

The nacelle tank being located behind,tha, 
engine and above the wheel will result in., 
a tank configuration as shown- in Figur« 1$, 
The wing tanks are essentially flat with, ■"* 
square corners, no irregularities. The 
nacelle is constructed of a self-seating 
(bullet-proof) material and the. wing- 
mounced tanks are constructed of rubber* 
ized material. 

n 9. 

FiG-ffcKia -Na««ü«TwMj,Coiiflf«!ittijo, 

20 



d.  Fuel_BooKt System 

The electrically driven fuel boost pumps 
are located In the bottom of the nacelle 
mounted tanks. This area is highly sus- 
ceptible to damage in a fire resulting 
in spilled fuel and an ignition source. 

Oil and Hydraulic Fluid Containment 

The engine oil system is the only oil 
system on the aircraft. The engine oil tank 
is integral with the air-inlet casting 
Located forward of the engine accessory 
gear box.  The capacity of each of these 
oil tanks is 9.2 quarts. 

1.  Location 

The location of the oil tank is poor. 
Severe crashes can result in the engine 
separation and rupture of the tank.  The 
hot- engine surfaces can ignite the oil. 
Though this would represent only a small 
fire, it is located near the main fuel 
tanks and could ignite the fuel spillage. 
Points are therefore granted only for the 
location away from occupiable areas. 

2• Vulnerability 

The oil tank is not likely to be damaged 
by other aircraft components; however, the 
scavenge lines from the propeller reduction 
gearbox to the tank run under the engine 
and is vulnerable to impact damage. 

3.  Construction and Tiedown Accuracy 

The casting type construction should offer 
excellent resistance to puncture and should 
com ain the fluid in all accidents except those 
with severe impacts.  Its integral construction 
to the engine insures excellent support during 
typical crash Impacts. 

Optimum 
Points 

System 
Rating 

20 14 
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Optlaum    Sywiai 
Flammable. Fluid Lines ■»olQti      &IUKiB» 

The. flammable fluids transport«! through        30 Ö 
.linos to various parts of the aircraft. include 
pil and fuel.  These fluids are extremely 
flammable aad pose a serious threat should 
.s, i \ Lage occur. 

a •  CODstruction 

All. lines transporting the fluids Ire       10 0 
rigid metallic lines with a large number of 
i uij;i lings.  Small airframe deformation can 
re..alt in line separations and fluid spillage. 
No breakaway fittings are provided. 

b. Routing 

The fluid lines are routad under the       10 0 
engine and through the airframe structure .'Äs*« 
they can get cut, trapped or pulled.  No 
finable hoses with extra lines exist; ther«, 
fore, deformation of the structure through Which 
the lines are passed will result in separation 
and fluid spillage. 

c. Breakaway Fittings 

No breakaway fittings are provided in      '2Ü 0 
any of  the fluid lines. 

4. hirewalls 

A firewall is mounted between the nacelle        9 7 
fuel ceil and accessory gearbox on both anginas 
preventing the flow of spilled fluid from 
reaching the hot engine components (See Figure 13). 
Theie is a hazard, however, from oil spilled 
from the engine oil system. 

FIGURE 13 
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^•  Fuel Flow interrupters 

Km».I flow interrupters are not included 
In this aircraft design.  However, certain 
components tend to serve as interrupters 
preventing the flow of fluid into occupi- 
able areas and near hot components in moderate 
crashes. These components are the firewall 
in the engine nacelle and the box beam con- 
struction of the wings. 

Optimum 
Points 

System 
Rating 

Ignition Control 

1.  Induction and Exhaust Location 
The engines are located in wing mounted 
nacelles on the wings of the aircraft. 
Since fuel tanks are located in the wings 
and nacelles, Ingestion of spilled fuel 
is highly probable, resulting in ignition 
of the spilled fuel. The exhaust parts 
are directed backward toward the wings. 
Exhaust would be directed toward spill- 
age from the wing and nacelle tanks 
resulting in ignition. 

2•  Location of Hot Metals and Shielding 

The engine is inclosed by a shroud pro- 
tecting the engine (hot metal) from external 
spillage; however, the engine is unprotected 
fro-.n internal spillage.  Solid fuel lines 
are routed around the engine and solid oil 
lines are routed under the engine.  Spillage 
from separation of these lines will impact 
on the hot engine surfaces, 

3.     Knglne Location and Tiedown Strength 

The engine location which is near the area 
or inric/pated flammable fluid spillage is 
v*?;.•>■ undesirable.  Separation of the engine is 
nor expected except in severe impacts; however, 
separation of the inboard wing will result in 
spi lingo near the engine.  In this case, the 
;-ny,-n\e   location is more important than reten- 
tir:.     s<j.en points are therefore granted. 

30 25 

30 10 
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4. Battery Location and Tiedfltfo Strength 

The battery is located in the right wing 
inboard section in the forward part of the 
wing (See Figure 14).  Displacement is not 
expected except in severe crashes, The 
location is in the area of anticipated 
flammable fluid spillage and in the area 
where deformation will result in separation 
of attached wiring resulting in ignition 
sources in the area of the fuel spillage. 

3•  Electrical Wire Routing 

The wiring is generally routed fairly high 
up in the fuselage in cable ducts where "minimum 
structural deformation is expected. In the 
other areas they are routed along and through 
structural members where deformation can be 
expected. The wires are pulled tight and no 
extra length is available to acco»qdate deform- 
ation. No breakaway couplings or wire shie.ldr- 
ings are used. With the exception of high fuse- 
lage routing, the routing is considered poor. 

6-  Fuel Boost System 

Electrically driven fuel boost pumps are 
located in the bottom of each nacelle fuel 
tanlc.  Electrically driven boost pumps, 
especially those located in an area susceptible 
to damage, are undesirable. 

Optipjm 
:» 

System 

1? 

nowM* 

QptJflp 
Points 

12 

System 
Bating 

7. Transformer-Rectifier and Tiedown Strenßjfch 

The two inverters are located in the outboard 
portion of the center wing section. They are 
susceptible to crash damage and are in the areas 
of anticipated fuel spillage. One point is 
therefore allowed. 

?• Generator Location and Tiedown Strength 

Two 300 amp-started generators are installed 
on the air^   i., one on each engine.  They are 
subject to impact damage, are mounted in front 
of the nacelle fuel tanks, and are near areas 
of flammable fluid spillage. 
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9. T.inhtB   (Beacon,   Search_S2*L&£&£^ 

There are two navigation lights and two 
rotating beacons located on the aircraft. The 
navigation lights are located on the leading 
rd;e

gof the wing tips. The beacons are located 
on the top of the aft section of the fuselage 
and the fuselage bottom near the wing center _ 
line  The upper beacon poses little Prob^e,B» 
noTever thePnavigation and lower beacon lights 
could cause arcing in a moderate impact. Both 
are located in an area of possible fuel spillage. 

10. Antennae 

The aircraft has numerous antennae located 
on the bottom and top of the main f"»*1&S*.. 
(See Figure 3). The lower antennae are highly 
susceptible to crash damage with *e8ultinS OA 

arcing near areas of anticipated fuel spillage. 

BASIC AIRFRAME CRASHWORTHINESS 

1. nj^gnce From Nose to. Troop/Passenger Area 

The distance from the nose of the aircraft 
^o tfc* cr.»w seat in the cabin is approximately 
a feet. Tf;e approach speed is approximately 
113 "noes (190 fps). Assuming a 20G crushing 
strength, ihe velocity which can be tolerated 
without crushing of the occupiable space is: 

V = 3 Gd 
« 8  20(8) 
- 8  (12.7) 
-■  10 L fps 

■"■■is is lo'.mr than the normal approach speed; 
therefore, 101/190 of the points are given. 

2.  Ah,;rn£gjof "Plowing" Tendency 

The fuselage'-is of an all metal semi- 
monocoque construction. The bottom portion 
forward of the crew compartment is made of 
aluminum bulkheads with aluminum formed 
sheet: metal stringer. Two keep assemblies 
alon>i either side of the nose wfeeel wall 

Optimum    System 
Points     »»ting 

125 

30        16 

15        10 
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Optimist    $yatem 

compartment strengthen that section. The eft 
portion of the fuselage is made tip of alüMittuH 
bulkheads with aluminum formed shaet metal 
stringers. These areas axe cohered by skin 
plating varying from 0.025" to 0.040", and 
provide a smooth surface without atty irreg- 
ularities.  Plowing should be eliminated 
in all but the severe impacts. 

3-  Resistance to LoftgituffiaaO.,Jftt^ct Load» 

As noted above the fuselage is a 8ami~-mott0ooo,ue 1-5 14 
construction consisting of aluminum bulkheads 
and sheet metal formers and stringers.  These 
ind the keel beams in the floor should prevent 
the floor fron buckling in a moderate crash; 
Resistance to roof collapse i» provided by 
the curved roof members, stringer«, and addi- 
tional longeron above and below the window» 
on either side of the aircraft. 

4* Resistance to Vertical Intact Loads' 

The absence of high mase items- i&< the low      10 10 
wing design coupled with the rJteg: end stringer 
construction results in excellent reeistance 
to vertical loads. 

5- Resistance tp-Lateral imd ifoU-Over 
Impact Loads 

Since the aircraft is a high speed aircraft,    15 15 
high resistance to lateral crushing is assumed. 
Due to the low wing design, rollover and lateral 
impacts are not expected to occur frequently. 

6- Landing Gear Vertical Evrc* Afetenuatieft 

No energy attenuation is provided by the        5 3 
landing gear. 

7- Landing Gear Location 

The landing gear is located under the wing       5 5 
nacelles    .     the forward area of the nose. 
These locations prevent the intrusion of the 
gear into occupiable areas in the event of gear 
displacement. 
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Optimum 
Points 

System 

8. Effect of Wing Separ^io*L05-£§£J£ 
Occupants 

Separation of the outboard wing sections 
can occur with significant effect on the 
occupants of the aircraft; however, complete 
separation of the inboard section will prob- 
ably result in damage to the cabin floor. 
This could cause seat separation. 

9 • Ef f e^__of_Fuseh^±Jl^iS^S2SIS^^ 
in Long Body Aircraft 

The ring/stringer construction of fuselage 
coupled with the longerons in the upper P^io» 
or ?he fuselage and keel beams in the low section 
make separation in the occupiable area remote. 
Mishap data to this point do not reveal a sig- 
nificant problem in this area. 

10 

20 20 

EVACUATION 

1. 
Rase and Re3iabJJ^txJ^Exit_^p^rjttlon 

The main cabin door located in the rear 
of the fuselage (Figure 5) is used for normal 
„r emergency exit.  The door in simple to 
,-,pen requiring only a turning motion of the 
internal or external handle.  A removable 
window is located on the right side of the 
oab'n sec.ion but is blocked by mission 
-qu.pment.  Should the main door be blocked 
or -jammed, exit can only be accomplished by 
breaking out the windshield or cutting a hole 
,r. the fuselage at the location shown in 
ricure 15.  Evacuation of the aircraft is 
greatly handicapped by the internal config- 
uration o! the aircraft (Figures 16,17,18). 
The pilot, copilot, and mission crew members 
in the forward portion of the cabin have to 
..:-linb/crawl over seats and/or occupants to exit 
ehe diti'.rüft. 

15 
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FIGURE 17 FIGURE 18 

This effort is hampered by all of the 
protruding objects and small openings 
between the seats and fuselage/missIon 
equipment, which tend to "catch" the evac- 
uatees' extremities and clothing.  Though 
not specifically addressed in this, .factor, 
removal/rescue of injured personnel was 
considered.  Removal of injured from the 
forward area cannot be accomplished in a 
timely manner since only one person can 
traverse the evacuation route at a time. 
Removal of injured through other routes, 
i.ü. , windshield or fuselage opening, is 
also extremely difficult and time consuming. 

Optimum 
Point« 

$y»e«n 

2.  Ration of Usable Exits to Occupants 

Though the aircraft meets the suggested 
ratio of 1 exit to 10 passengers, i.e., 1 to 
5, this exit is not always necessarily usable 
to all occupants.  The single exit can be 
blocked by injured personnel oi loose mission 
equipment, thus preventing use by crew members 
in the forward area of th* cabin.  No forward 
exits are available foi- the crew in the cockpit 
area.  NOTE: An escape hatch has been developed 
for the-U-21 cockpit area; but has not been 
■instailed : 'u'*  aircraft due to conflicting 
requirement  witn the mission required hardware. 
Tiii." would improve the evacuation of uninjured 
personnel; however, exit by injured personnel or 
rescue of injured would not be greatly enhanced. 
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Optimum    System 
Points     Rating 

3.  Identification of Exits 

The single exit (and "cutaway" rescue 10 
hatch) is not clearly marked; however, its 
location is evident.  Operating instructions 
are readily readable under lighted conditions; 
however, neither the exit location or the 
operating instructions are illuminated by an 
emergency light. Location and operation in 
a darkened, confused condition is, therefore, 
hampered. 

4•  Availability of Exits in a Rolled Aircraft 

Rollover in this aircraft is not expected       10 
to occur frequently; however, rollover on the 
left side or inverted position could block or 
hamper exits for those positions respectively. 
A final position on the left side would block 
the only single exit, while an inverted position 
would require the occupant to support the weight 
of the door while exiting. 

b.     Emergency Lighting 

No emergency lighting system is provided;      10 
therefore, no points are allowed. 

INJURIOUS ENVIRONMENT 

1 ■  '.'roxiiiiity of Cockpit Control Panels 
fiiiu 0ther Structures 

There .ire numerous injurious objects 10 
whioii can be contacted.  They include the 
objercs in the instrument panel, steering yoke 
and fuselage structure.  Lateral movement 
is not prevented by the shoulder harness 
thus allowing contact with the structure. 
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7.     Retention o[  Interior Equipment 

i.he tiedown strength of the mission 
. qi,i;>n<-Mit is 9G's.  The tiedown configura- 
M'ons ate shown in Figures i9 and 20.  The 
f"q,i ( reel strength is 25G'P. 

V. 

FIGURE 19 FIGURE 80 

3. t^lllJ°I3P-e~ Z?iÄLArJ-a (Rudder Controls) 

The rudder control pedals design provides 
a bi.;.v arcs for support of the feet; however, 
i.lie feet en' become trapped behind the pedals 
iin,: between the peda i.s and structure.  See 
I iynre 21. 

Optimum 
Points 

10 

System 

FIGURE 21 
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4.  Absence of_ injurious Objects in Cabin 

Tt.e numerous injurious objects consisting 
ot shfirp equipment corners, control knobs, and 
rails (See Figures 22, 23,- 24, and 25) coupled 
with the lack of proper seating and restraint, 
present a  serious hazard to occupants in the 

cabin area. 

Optimum 
Points 

System 
Rating 

FIGURE 22 FIGURE 23 

i'-:GUKE 'U FIGURE 25 
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APPENDIX B 

Ratijig Syseai Crlciria 

The Dynamic Science Division of «Wrffcftll ttttMtl JS^SS^ti» 
crash survival evaluation syatajaunder Contract BAAJQ2-^-C-OT39 «er 
the U.S. Artty Research and Technology U&©r»t«rl«« ffMMfflr U.S. *e*9 
Aviation Materiel Laboratories). 
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FIXED-WIN6 AND ROTARY-WING 
AIRCRAFT CRASH SURVIVAB1LITY RATIR6 

lew When evaluating any aircraft from a eras« survival P!T ™1« «™ 
there are six basic factors that should be considered. These are 
(1) Crew Retention System (2) Troop R@tentian Systera» (3) Post- 
crash Fire Potential, (4) Basic Alrfraase Crashwwthlness, (5) Evacu- 
ation, and (6) Injurious Envlraiment. 

In order to develop a reasonable Crash Solvability ^1n9»_. ä 
weighted values have been assigned to the various factors. Tne 
percent of weight assigned to each is based™J^rrtrtim^^ 
hazard potential. The six factors along with their haiard potential 
are as follows: 

Hazard Optima Actual 
Potential Nuntwr Value 

17.92% 130 
17.23% 125 
35.19% 255 
17.23% 125 
8.291 60 
4.1« 30 

1. Crew Retention System 
2. Troop Retention System 
3. Postcrash Fire Potential 
4. Basic Airframe Crashworthiness 
5. Evacuation 
6. Injurious Environment 

Totals    100.00%      725 

To »sake the job of rating easier, the hazard potential percentage 
has been converted to an optimum numerical value where a perfect 
score on all six factors would equal 725.    For existing aircraft 
-inadequate restraint systa» and postcjrash fire have been equally 
fesponiTbTe for injuries and fataTTOeFTFlccldents so they were 
welchted at approximately 3S% each.   A poor score on wu^r of 
these laportant items could indicate a critical situation from a 
cras^ survival ooint of vi©w - depending on such variables *s 
number of personnel carried» operating terrain, and rescue facili- 
ties. 

Each of the six factors is in turn broken down Into sub-factors 
against which a h«ard potential percentas® has been assigned and 
converted to an optlntum mwsrical value.    The person conducting 
the evaluation siwply selects that portion of the optiww nusaerlcel 
value that each sub-factor is worth and lists 1t opposite the 
optimum value in the sp®ce provided uitdtr "Actual Vslue*. 



CREW RETINTMH SYSTEM RATING 

ifettau* 

Röiary- 
Wteg Wag 

Vertical Energy Ifesorpfcte« CajtftftHy 
Restraint Webbing fttoe*try and 

Strength 
Seat Longitudinal Strength 
Seat Lateral Strength 
Seat Vertical Strength 
Absence of Casting in Stressed Aneftfi 
Shoulder Strap Guide WWth 
Shoulder Strap PullrOff Angle 
Lep Belt Angle to Seat Cushion 
Lap Belt Tledewn Strep 
Inertial Reel T&m 
Depth of Structure   Between P\w 

and Belly 
Total fatnt* 

10 

30 
15 
15 

5 
10 
10 
10 
10 
10 
N/A 

W 

m 
20 
10 
10 
10 
10 
10 

5 
5 
5 
5 

10 
TXT 

TffgP WWmW WTOH RATH* 

Optimui 1 Actual 
Muter mu* 

Ftaetf- m*ry» 
Wf-«m               w»rvy 

Vertical Energy AfrMWtlon Capacity 10 30 
Restraint Webbing Geottetry and 

Strength 30 20 
Seat Longitudinal Strength 15 10 
Seat Lateral Strength 1« It) 
Seat Vertical Strength 5 10 
Absence of Castings In Stressed AMMf 
Shoulder Strap Pull-Qff Angle 

10 18 10 
Lap Belt Angle to Seat Cushion 10 10 
Lap Belt or Side T1e4*m Strap 10 5 
Depth of Structure   Between Flaer 

and Belly 10 10 
Tpjfcl Patatäs   im m 
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POSTCRASK FIRE POTENTIAL RATING 

Spillage Control 

Fuel contairauent 

Oil containment 

Flammable fluid lines 

Firewall 

Fuel flow interrupters 

Optimum 
Number 

Actual 
Value 

60** 

20 

30 

9 

9 

Ignitition Control 

Induction and exhaust flame location 

Location of hot metals and shielding 

Engine location and tiedown strength 

Battery location and tiedown strength 

Electrical wire routing 

3oost pump location and tiedown strength 

Inverter location and tiedown strength 

Generator location and tiedown strength 

Lights location and tiedown strength 

Antonna location and tiedown strength 

Total Points 

30 

30 

15 

12 

12 

7 

6 

6 

5 

JL 
255 

'If a range extension system is inducted in the evaluation, allow 40 points 
for primary fuel system and m points for the range extension syst«». 
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BASIC AIRFRAME OtftSMttKTHfKESS MllUG 

Distance fro» Nose to Troop/Passaiifer area 
Absence of ^Plowing" Toriteacy 
Resistance to Longitudinal Impact Loads 
Resistance to \tertieal topact Lfttrfs 
Resistance to Lateral and Jtol 1 "Äer 

Impact Loads 
Landing Gear Vertical fore« Attenuation 
Landing Star Location 
Effect of Wing Separation on Gafc4» occupants 
Effect of Fuselage Fi^ture/Sejafsation 

in Long-Body Aircraft 
Total Points 

^gg iAc ual 
taer rvalue 

Wi*g 3ST^' 
30 10 
11 B 
15 15 
ifl 30 

15 30 
5 20 
5 6 

1© «/A 

TSo 

EVACttATWW ftATIKG 

Ease and reliability of exit operation 
Ratio of usable exits to occupants 
Identification of exits 
Availability of ««its in rolled aircraft 
Emergency lighting 

Total Points 

15 

m 
to 
m 
vT 

Actual 
Value 

INJURIOUS mnmmm warn 

Proximity of cockpit controls and other 
structure 

Retention of interior equipment 
Rudder pedal arta 
Absence of injurious objects in cabin 

Total Points 

Qpt1»u» 
msmL 

10 
10 
5 
5 

Actual 
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RATING SYSTEM CRITERIA 

GENERAL 

Each of the subfactors listed previously are discussed briefly on the following 
pages. In rating an aircraft, the subfactors should be given a point value 
proportional to the desirable qualities outlined in the discussion. 

CREW RETENTION SYSTEM 

Vertical Enemy Absorption Capacity 

Fixed-Wing Optimum - 10 points 

Some method should be provided in the seat structure to attenuate vertical 
impact forces to a value of about 206 on the seat occupant. This decelera- 
tive loading must be maintained through a minimum stroke of three (3) 
inches in order to offer protection in the majority of fixed-wing aircraft 
accidents. If the energy-absorbing device is a fixed load type» it should 
stroke at a load of approximately 3000 pounds. This value makes an allowance 
for the following parameters: (a) a 15»pound seat bucket weicht, (b) only 
80 percent of total occupant weight rests on the seat* and (c) allowance for 
the 5th percentile (136-pound) pilot to insure a 25G maximum deceleration. 

The seat vertical energy-absorption capacity ca^ be rated as follows: 

A. A seat bucket energy-absorber with a mini«® 3-1 nch stroke  100* 

B. A crusbable honeycomb, non-resilient cushion of minimum 
4-inch thickness 70% 

C. A crushable, expanded foam cushion of a minimum 4-inch 
thickness 50% 

13. A slow-rebound foam ("Ensolite" or"Ethafoam") of 4-inch 
thickness 20% 

E. clastic foasa rubber cushion or no attenuating material      0% 

Rotary-Wing Optimum ■ 30 points 

The some comments apply as for the fixed-wing aircraft, with the exception 
that a stroke of 8 inches at a level of 3000 pounds Is required. This factor 
can be rated as follows: 

A. A seat bucket energy-absorber with a minimum 8-Inch stroke  100% 

B. A crushable hor>*ye0i»?v, non-resilient cushion of minimum 
4 -1r;ch tMckrsess 40% 
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C. A crushable, expanded foam cushion of a minimum 4-Inch 
thickness 

D. A slow-rebound expanded foam ("Ensolite" or "Ethafoam") 
of a minimum 4-inch thickness 

E. Elastic foam rubber cushion or no attenuating material 

Restraint Webbing Geometry and Strength 

30* 

OS 

Fixed-wing Optimum • 30 ,poflits 
Rotary-wing Optimum • 20 points 

All webbing should be a minimum of 0.09 inch thickness to Insure lew elong- 
ation and minimum "creasing" under load. Radding material in the Abdominal 
and collarbone area is desirable. The strength and width of the lap belt, 
shoulder strap, and tiedown strap are listed below: 

MM^SSL 

Up Belt 
Shoulder Straps 
Belt Tiedown Strap 

ttidth 
TOT 
2.5 
2.0 
1.5 

St 

8000 (loop) 
4000 total 
2500 

Each of the above factors on restraint webbing can be rated as a percent of 
the total points as follows: 

Webbing thickness 10X 
Strength and width of lap belt 40% 
Strength and wtdth of shoulder straps 402 
Strength end width of belt tiedown strap 10* 

The strength 1s more important than the width of thi webbing; therefore, 
the number of points allowed should be proportion*! to the strength values. 

Seat Longitudinal Strength 

Fixed-wing Optimum ■ 15 points 
Rotary-wing Optimum ■ 10 points 

The desired G-level versus deformation 1s shown: 

40, 
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SEAT PAN DEFORMATION - IN. 



To be acceptable, a seat iKust have c load deflection curve- which rises to 
the left and show the base curve and extends into the region beyond the 
upper curve.    Load deflection curves must be obtained frwi static tests of 
the collet« seat units. 

Seat Ufrril Strength 

Fixed~w1ng Optimum «15 points 
Rotary-wing Optimum « 10 points 

The desire 6»l®vel versus deformation is %hmn: 

12     3 
LAT.  DEFLECTION - IN. 

Seat Vertical Strength 

Fixed-wing Optimum * 5 points 
Rotary-wing Optimum ■ 10 points 

The seat should attenuate vertical forces as noted above un4er  lateral energy 
absorption capacity and should also be able to sustain 256 before failure. 

Absence of Castings 1n Strsssed Areas 
 T"T-  II--I -ilinn in»    IM— riTiiiinnwtn»iiii im ■>■   »w > tfitMrahT^T^rfttimi-twfc«! MK IM ii r—»■Hi« 

Optimum » 10.points 

Since castings are noted for poor ductility, this item requires no explana- 
tion. If castings are ustd 1n two or more critically stressed areas, the 
rating should be zero, unless 1t 1s known that the casting material has been 
treated to insure ductility. 

Shoulder Strap Guide Width 

* 10 points 

3*0 laches** tHe SUidC ** the t0P °f th® Seäl biCk Sh0üld not * ■ore than 



Shquljjgr. Strap Pull-Off Angi» 

Fixed-wing Optimum - 10 points 
Rotary-wing Optimum - 5 points 

ture       'of ?he seat bacl    th«. iL?* Jh2!lder harn'SS is «*"*** " strüc- 
cushion sho«1be betweeS i-« J29J? Sf the straP »1th *«*« to the seat .w.iu oe oetween zero and 25 degrees upward as Illustrated. 

*For each one Inch of 
variance from the 26- 
inch dimension, 20 
percent should be de- 
ducted from the optimum 
score. '"'"'■ 

k«PJfelt Angle to Seat Cuxhi** 

Fixed-wing Optimum » 10 points 
Rotary-wing Optimum » 5 points 

Ilth Jesäct 2^Sl1^fl,OÜI? V**** m an91e of 45-55 agrees to profile 
pproxiwtely 3 indies forward of the back seat and seat cushion inter- 

Tledown Strap 

Fixed-wing Optimum « 10 points 
ftötary*w1ng Optimum - 5 points 

map P £efer££? SLr!?1ned
fc

1n,J,fce on the >elv*s * s<»* kind of tiedown 
bef^and thlsÄn     A let*«^ £ * "**h* *W*n the center of the 
at either *i*lf K'tJtS *Ä? 55hSd,tt^1!ts of two straPs attac** 
The side straw Ihvüld 2 «Jla£,*hL'f?nta1 -«W*** of the Up belt, 
strap. P   **°u,d *• rated w1y Mlf as effective as the center tiedown 

Inertia   RyJ ftg. 

Rotary-wing only - Optimum - 5 points 

">y * quick jerk t» <teti^?„2'l«k?vib111^? yPe •*" 5h0U'd "' ch,cked 

«0 



gamjgpmhl. Structure tettaSLUoor^Qgll*- 
-^  FUed-»1I>9 Optimum ■   «I»?!*!, 

itot»ry-vf1ng Optimum • 10 points 

A ,„«,.,. of ««™* cross-^ctlo;.with . «nj*** depth of^o £> feet 

£bfeXÄeÄ 
«s much as the circular belly. 

TROOP RETENTION SYSTEM 

Z^^^r tMs.section is identical to that for the Crew Rete, 

tion System with some exceptions as noted. 

yrrti^i Fnprqy-Absorption Capacity 

Sa.re as Crew Retention Criteria 

p^rv^n» tabbing, Geometry and Strength 

Fixed-wing Optimum - 10 Points 
Rotary-wing Optimum - 30 points 

Fixed-wing Optimum - 30points 
Rotary-wing Optimum - W points 

sa^ as Crew Retention Criteria with exception that a side «^W of 
1500 pounds capacity can be used Instead of a belt tieaown v 
facing personnel. 

<J**J^ ionc)1tud1nal Strength 
Fixed-wing Optimum » 15 points 
Rotary-wing Optimum - 10 points 
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L'^rvri Jongitudinai G levrn versus deformation is shown: 

40 

SEAT PAN DEFORMATION - IN. 

It should be noted that this 1$ a sideward loading on a side-facing seat. 

Seat Lateral Strength 

F1xed-*»1ng Optimum - 15 points 
Rotary-w1ng Optimum »10 points 

The desired lateral G level versus deformation 1s shown: 

LATERAL DEFLECTION - IN. 

Seat Vertical Strength 

Same as Crew Retention Criteria. 

Absence of Castings in Stressed Areas 

Same as Crew Retention Criteria. 
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Fixed-w1ng Optimum - 5 points 
Rotary-wing Optimum - 10 points 

Optimum ■ 10 points 



, A ,  ' Optimum * 10 points 

Same as Crew Retention Criteria. 

UP aelOMsfllttoJeaUSSMsa. Optimum - 10 pom, 

same as Crew Retention Criteria. 

Rotary-wing Optimum - 5 points 

+ha* A cide tiedown strap 

teBitjdJi™^^ Optimum - 10 points 

Same as Crew Retention Criteria. 

^lUaflSJontroL Qpt1mum . 60 points 
i^pT__Conta1nment 

L„ct1on (*« of total v.l«>- '< w rt. 

*» uctio« of ** fuel »Äe^llÄ« -Ä. «- 

viability (20* o* total value) - 12 

The ^«„bUlty of a fuel tan. ^l^Äc   «1 ?.1U;r.s. 
possible tank rupture, caused ^ «no«   ^^ deflation.    Tank 

tSSÄ.'lü'tJ&Ä SÄi--i^.l- * considered. 

Constr.cx.on Techn^e (50* of total value) - 30 ^^^ 

i:-r^^r;r.:rth;%^Tsiarrst?uc~o„«teH,is. 
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Tank Geometry - 10 

Smooth contoured   shapes  are given trie highest nurober of points, 
whereas Irregular shapes and interconnected multicell tanks are 
given the lowest number of points. 

Cell Material - 20 

The tank is given a certain number of points, depending upon Its 
construction. 

!•   Crash Resistant Fuel Tank 50 

2. Cal.   .50 bullet proof, self-sealing 15 

3. Cal.  .30 bullet proof, -self»staling 
and crash resistant 10 

4. Pliocell. 5 

5. Metal canister 2 

6. Integral 0 

fuel Boost System (10% of total value)- 6 

The fuel boost pump should be evaluated according to its potential for 
causing fuel spillage due to fuel cell rupture or line failure  This 
includes location and method of fuel cell attachment. 

0i? and Hydraulic Fluid Containment 

Optimum ■ 20 points 
Location (34« of total value) - 7 

The location of the oil tank should be evaluated from the standpoint 
or its proximity to the anticipated impact ar*a, occupiable area, large 
weight masses, and primary ignition sources. 

Vulnerability (34« of total value) - 7 

Evaluate from the standpoint of mptw* mts*ance from other aircraft 
structure; e.g., control linkage failures causing puncture to the tank. 

Construction and Tiedown Adequacy (32% of total value) - 6 

Construction Methods - 3 

Construction methods are evaluated.in descending order of oil containing 
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1. Crash Resistant - 3 points 

2. Bladder - 2 points 

3. Sheet Metal - 1 point 

Tiedown Adequacy 
* 

Tiedown should be evaluated primarily on the adequacy of the system 
to support the tank during typical crash accelerations. 

Flammable Fluid Lines 

Optimum * 30 points 

Construction (33% of total value) - 10 

The construction of fuel lines should be judged in accordance with 
the hose material and couplings. Experience has shown that rigid 
lines fail before the flexible type; thus, flexible lines with a steel 
braided outer sheath are given the most points. Also included in this 
phase of the evaluation are the couplings. The fewer the couplings 
the better. Ninety degree couplings are less desirable than the 
straight type. Any coupling is less desirable than an uncut hose. 
Aluminum fittings usually fail before steel ones. 

Routing (33$ of total value) - 10 

The routing of the fuel lines is an important consideration. The 
lines must not pass through areas where they can get trapped, cut, 
or pulled. Extra hose length (20-30% in areas of anticipated 
structural deformation) should be provided. Holes through which 
tne fuel lines pass should be considerably larger than the O.D. 
of the hose. 

Breakaway Fittings (33% of total value) - 10 

Breakaway fittings should be installed on each fuel line that enters 
and exits the fuel tank. It is also advisable to have them installed 
at strategic locations throughout the system. 

Firewall 

Optimum ■ 9 points 

L^luate the firewall from the standpoint of how well it will function 
*s a shield between crash induced fluid spillage and the various engine 
Ignition sources. 
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Fuel Flow Interrupters 

Optimum -  9 point ■-. 

Fuel flow interrupters are devices that block or divert, the flov of 
spilled flammable fluids. i'\we  die many different methods to perform 
this function; the fire curtain 1n the H-2i helicopter is a good 
example. " 

Ignition Control 

Induction and Exhaust Flame Location 

Optimum *  30 points 

cmluate from the standpoint of: 

Location of expelled flames in relation to location of spilled 
flammable liquids. 

2. Fuel ingtstton. 

Location of Hot Hot*Is and Shielding 

Optimum - 30 points 

Evaluate from the standpoint of how well the Ijot items (temperatures 
above 400°F)ara shielded or protected from full spillage. CöftjMffl&ftts 
Included are: 

Engine (external and 1nterii41) 

Exhaust System 

Heater 

Engine Location and Tiedown Strength 

Optimum - 15 points 

Consider conferences of engine separation, «here will the engine go 
and now wiii it effect the fuel cell, exhaust system, electrical 
wiring, and fuel and oil lines? Will the engine come Into contact with 
spilled flammable fluids? 

Retention strength ts more important for helicopters in which the 
engine may be located above or Just behind the fuel cell; it is of 
less consequence for pod-mounted engines. 
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Battery Location and Tiedown Strength 

Optimum » «2 points 

Evaluate from the standpoint of tiedown strength and of vulnerability 
of the battery and attached wiring to damage during a crash. Locat on 
should also be as far as possible from fuel and oil tanks ano antici 
pated areas of flammable fluid spillage. 

Electrical Wire Routing 

Optimum * 12 points 

tva'uate from the standpoint of crashworthiness of routing and vulner- 
ability to damage during crash. Some excess length (20-30*) should 
be provided to allow for airframe deformation during a crash. 

Fuel Boost System 

Optimum » 7 points 

The fuel boost system should be evaluated with respect to its function 
as an ignition source. The following items should be considered: 

Power Supply (An air pressure system is best, a hydraulic system is 
is next best, and an electrical system is least desirable.) 

Pump Location. (A suction system with the pump located on the engine 
is best. A pump located outside the tank is next best and an internal 
tank mounted pump is least desirable.) 

Transformer-Rectifier and Tiedown Strength 

Optimum ■ 6 points 

Evaluate from the standpoint of tiedown strength and of vulnerability 
of the inverter and attached wiring to damage during crash. Location 
should be as far as possible from fuel and oil tanks and anticipated 
areas of flarmiable fluid spillage. 

Generator Location and Tiedown, Strength 

Optimum * 6 points 

«-valuate from the standpoint of tiedown strength and of vulnerability 
of the generator and attached wiring to damage during a crash. Loca- 
tion »hould be as far as possible from fuel and oil tanks and anticipated 
areas of flarranable fluid spillage. 
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Lights (Beacon, Seaj^h_andJjaylgation) 

Optimum - 5 points 

Antenna Location 

optimum = 4 points 

BASIC AIRfRAME CRASHWORTHIMESS 

^tance__from Nose to Troop/Passenger Aro„ 

Fixed-wing Optimum - 30 points 
Rotary-wing Optimum = 10 points 

ro^aVv-wTnf or SliTV/  affeCV the "«^thtiwss of any aircraft, whether 
the Jona tud?nJ iSlW1n?: *S l0ng as the crash force «** general!; along tne longnuchnal axis. Thus, some method is needed to qrosslv evaluate th* 

ÄS^WEÄ^5!! StrUCtUrG **■" o^tn^ front ro^ of caSin seats, it is assumed that aerodynamic requ1re*ü*U as well as «itihiiit« 

action where tie S; Ä thf «vaIu«i<» •*<« be alned at the cfhin 

b^rel^ 2 5hf!'ab1e fructure ahe*d of the passengers should logically 

c< 
V„2 - V 2 2   vl 
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where      d - total deforming distance 

V2 * aircraft impact velocity - ft/sec 

V1 - aircraft velocity after major impact - ft/sec 

4«       G s  fuselage crushing strength 



test results indlattd that a ZOG fuselage -^»f^uc, 
is 

experimental test results '"Oicateo «w «~ ^«"„tYf'"fuselage structure 
reasonable value.    It '^ assumed that about 76 per«to ».^^ 
IrÄ^Ä se "Ä rosfcatcuUUonfit seans reasonaMe to 

ESS ?o t?£%&/&ta   -aft fro» Us nose^o the first™ o 
passenger/troop seats     The"SJ "iSStlon   the temT   ! «ro and the 
Ä^sÄSTcen ITÄi*** «fläS approach (impact) velocities. 

Samples of crushing distances required are calculated below: 

Impact        Impact 
Velocity     Velocity 

(mph) (fps) 

40-55 

55-68 

68-82 

82-95 

95-109 

109-122 

60-80 

80-100 

100-120 

120-140 

140-160 

160-180 

122-136   180-200 

136-150   200-220 

Crushatle Distance Required 
(d) 

(feet) 
—2  ■ 

l^g- - (70)2 64 (20) - 3.8 

= 6.3 

= 9.4 

= 13.0 

- 18.0 

- 23.0 

« 28.0 

- 34.0 

With the above values available as a guide, any aircraft can be grossly 
evaluated on a comparative basis with other aircraft. 

tosency_ of "P*i owi no." Tendency 

Fixed-wing Optimum * 
Rotary-wing Optimum 

15 points 
« 15 points 

The primary objective here is obvious. The nose and belly of the aircraft 
should ;■>* smooth enough and have structural members of sufficient strength 
underneath to prevent it from plowing a furrow in the earth. The lower skin 
should be thick enough to resist tearing, thus providing a skidding surface 
for ths aircraft. 

Res ista net to Longitudinal Impact Loads 

Fixed-wing Optimum * 
Rotary-wing Optimum 

15 points 
« 15 points 
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ihe primary objective is to provide sufficient strength to prevent the roof 
of the aircraft from moving forward and downward with respect to the floor 
..f thr aircraft. Continuous beams running from the nose of the aircraft 
under- the floor for the entire length of the occupied section is preferable 
since this type design will probably prevent the floor from buckling upward. 
It is obvious that; enough wall structure must be available on either side of 
the aircraft to prevent collapse due to inadequate shear strength. In this 
respect, a fuselage with many large openings is undesirable. All concen- 
trated masses, wHfch may become a hazard to occupants in a crash, should 
be restrained to a level of 206'. 

Resistance to Vertical Impact Loads 

Rotary-wing: Rotary-wing Optimum * 30 points 

i'No structure must be evaluated by its resistance to collapse <Jue to vertical 
impact loads.  This requires a simultaneous evaluation of resistance to longi- 
'.u.f--.in -impact loads, since the resultant may be the critical loading, for 
sample, the UH-1A helicopter might, not come "unglued" by a purely vertical 
lihpuct, but accident statistics indicate that a longitudinal losd is usually pre- 
sent  and the resultant load is the cause of the roof failure on this aircraft. 

if the engine and transmission are located over the cabin or just aft o» the 
cabin, it is recommended that the design tiedown strength be not less than 
?0G in the longitudinal and vertical directions to prevent cabin penetration. 
Regardless of tiedown strength, the fuselage shell should contain peripheral 
frames at a spacing not to exceed 20 inches in order that a maximum amount 
of energy is absorbed before a mass will penetrate the structure. 

This item will necessarily have to be evaluated in a gross manner; however, 
some pertinent design criteria are available. For example, the vertu:?' 
strength of the fuselage shell is usually determined by the retention strength 
of the engine and rotor transmission, and their retention strength is stated 
in the aircraft model specification. For example; the Kaman UH- 2  fuselage 
structure is designed to sustain a 206 downward loading from the engine and 
rotor transmission; thus, the fuselage is very strong. 

f-ixed-wing: Fixed-wing Optimum » 10 points 

Resistance to vertical impact loads is usually very good in low wing designs 
-»i.ice no heavy components are located above the seated occupants. High 
wing aircraft, however, can be hazardous because the entire weight of the 
wing structure, fuel and engines (two-thirds of aircraft weight) is pressing 
downward at one point on the fuselage which is not designed for such a loading. 
High-wing aircraft with fuselage-mounted landing gears (which have fuselage 
reinforcement to sustain normal landing loads) are much more resistant to 
vertical crash forces than high-wing aircraft with wing-mounted landing gears. 
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Ofcij^™™ to Lateral and Roll-over Impact Loads 

Genera!• 

design features will be obvious as discussed beiov. 

Rotary-wing: Rotary-wing Optimum - 30 points 

When the entire side of the cabin conslsts^/^^^^^^^V-^e/crash^' 
it is obvious tnat this structure will be very weak a^ing a rv<    »  .  , 

r: 41n &£» SS which cou,d h«r. hazard t,.occupy; ,n 
a crash should be restrained to a level of 15G. A Ibb retention iire.y 
always" ^commended for the transmission and rotor system. 

Fixed-wing Optimum * 15 points 
f ixeri-wmg: 

- -s o-obabV that most high-speed (150+ mph) aircraft will have rather 
;:, np'fuseiage structures because of high f^dynamic loads and will not 
collapse Ute-aUy in most aircraft accidents. The slower fPeed aircraft 
however! are less rugged and should be evaluated more closely, ^ examp e. 
thfdua doors cf several high-wing, single engine aircraft are more likely to 
Z  rr.rown open during a cartwheel-type accident, than would the doors ofa 
cLpetinve low-wing design. Obviously, any opening in the fu ^«9« Permitting 
the occupant's extremities to be thrown outside is a potentially hazardous 

situation. 

:..pdi,,.i fomr Vertical Fgjce Attenuation 
.,-.—~—*  Rotary-wing Optimum =20 points 

r,e j^dim, gear will ideally exert an upward force of 10-15G ♦hrough its 
r.,'xinum travel to the point at which the fuselage structure impacts the 
.-• ir.n a/.«"- *e-:jvns to absorb energy. Various kinds of energy-absorbing 
^thon-, can be utilized to achieve the desired result. For example: the 6e.l 
• ^H-V Aircraft utilizes tapered wall lateral support tubes which absorb energy 
./■; booing; whereas, the presidential Sikorsky Aircraft utilizes a telescopic 
prim:ifie' in which honeycomb material Is crushed. 

fh* ,'v.vt ,;f force required to deform the gear vertically until fuselage 
!>*.-■ -ontac; 1s made should be known In order to evaluate this /actor. The 
:" ,<a"v! aircraft oleo strut is a poor energy-absorbing mechanism because 
n car.r.'jt  stroke rapidly enough in most severe accidents. 

fikftd ■<*.') uq: Fixed-wing Optimum * 5 points 

Alt^-v, .ii the- same principles apply here as for the rotary-wing situation, 
*tciders': st«fist!cs. indicate a lesser percentage of fixed-wing aircraft accidents 
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with high sink rates than for helicopters. Ah exception is the sifjiall four 
place, single-engine aircraft (tfhich 1s involved in many stall/spin accidents; 
provision for vertical attüntuatiöri 1n this tyfJe aircraft certainly appears 
to be worthwhile. 

Landing Sear Location 

Optimum * 5 points 

Evaluate the damage which will be caused by this large mass as it is displaced 
during a crash. For example, if the gear is located directly under the 
cabin floor, the probability Of its bei rig driven upward into the Occupiable 
area must be evaluated, tio  consideration need be given,to the relationship 
of ignition sources to the landing gear since those items ire evaluated 
under Postcrash Fire Potential. 

Effect of Wing Separation^ Cabin feupäftts 

Optimum = 10 points 

Evaluate as to whether the tearing away of the wing will be hazardous to t.l> 
cabin occupants. The poor accident record of the L-19 Army aircraft in 
this respect w«ll illustrates the point. The cd$0lete separation of the i-131E 
(CV-440) wing in an Air Force accident without affect on the seat occupants 
illustrates good performance in this respect. 

Effect of Fuselage Fracture/Separ&ion in Long-Body Aircraft 

Optimum = 20 points 

A primary consideration is the manner in Which the fdSelage fails due t^ 
a load perpendicular to its longitudinal axis, If it appears Obvious that the 
break in a fuselage will occur underneath a seat row, it is art undesirable 
design. The performance of the Martin 404 aircraft in the 1963 Rochester, 
New York accident illustrates the advantage of a clean fuselage break exactl> 
perpendicular to the longitudinal axis. In this,accident, the break dccurre.: 
just aft. and just forward of the wing spars and n^rie of the seat rows were 
affected. Evaluate to determine whether the! pjCs^htier seat structure and 
occupants are affected significantly by the" fü£«ifgi break. 

EVACUATION 

Ease and Rellability of Exit Operation 

Optimum - 15 points 

Evaluate from a standpoint of simplicity of operation.  Include the regular 
entrance doors. Look for a "single mötitfh" jettison feature on all doors and 
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the„ WiM,H» of being opened from the <^0^h£?^ 
„f jam-mig during a ''-ash due to. '»"'^'.^„n t0 insure that all 

ÄS--Ä =CTtS ^iÄ their seats to an ««. 

D^<ft nf usable Exits jo_Occugants. 
~* Optimum = 15 points 

T  A~ r,n\u th^f* pxits   that are available to 
When computing a ^^ü» in^d* J^L^ckpit «Its in the ratio for cabin 

rfq:.:.re t> <"oe exits,) 

identUic&tiqn..ofJxlts 
Optimum = 10 points 

a»r««cy «its should bo «'«[VÄtÄÄ«' 
rhe Identifying letters shou d be a•»« "^l"™ instructions should 
be lighted by the emergency lighting system.    "P«raiiu d      , 
4 «i.,1, readable-, should ■» « "^'"»J^     Do     t tt» un)ess 
..ho,.  - be offset, as red on white or vice versa      uo rat K 
, „thed ', used whereby     e passe ger i>      s    ucted^t„^ ^ 
,hooiu uie rur h*u particular »*a"n» ^"J.     k ,uad-  this method is con- 
*' ",U^^ri"U SlÄ-ffl^c^ co^i^in' aseofan;Sry. 

.   '";!   J: to nine passengers would not need to ab.,, by the 
d    s U'irMctt»9 the passengers to specific exits    since at least 

ot_.r'wc,.!.i he provided and its location and method of approach 

idev.: 
vcraf 

•.■■j'l'lfl CK"; OL'V'WUS 

A^ i ■ ■. bi 1 i tX-^f-fliliJ" Rolled Airr»raft 

Optimum *■ 10 points 

„•• ",o .ib„v* -»cio con.iderin«. the aircraft roiled on either side, thereby 
, ,  :q a retain o-j«b«r of exit;  Take into account the sue o ^ 
;J,'..,«(« -7,irs fat least 22  inches square) and the height above Iht opposite 
».;.!!. Afi '.-* .-je width of 5 feet or more is considered too great fo. *n 
'Hcu&^'-'i' ' cUirtt i<i or-'ier to reach an exit. 
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Optimum « 10 points 

Check for system used: induct switch (G Hqitt);or hand operated j, a con,. 
nation of the two is preferred. Check' retention strength for 25$ design 
factor for power supply. Keep in mind that any system is better than 
none. Check for independent power supply. 

INJURIOUS ENVIRONMENT 

Proximity of Cockpit Control -Pan»!s and' Othe>Stricture 

Optimum = 10 points 

Check if cockpit occupant is able to contact control panels when restrained 
with lap belt and shoulder straps. Check if shoulder straps allow lateral 
iiiovement and what structure call be contacted in this manner. Evaluate 
this throughout the adjustment range of the seat. 

Retention of Interior Equipment 

Optimum « 10 points 

Check the tledown design strength of equipment such as fire extinguishing 
bottles, tool boxes, etc. »nd evaluate against ah optlmuW of 256. 

Anti-Torque Pedal Area 

Optimtim ■ 5 points 

Evaluate the possibility of trapping thev feet between the rudtfer pedals 
and adjacent structure. Check if area nfcy a>T1af>s* easily onto the feet 
during crash. Rudder pedal should support both the ball of the foot and 
the heel. A simple bar-type pedal fs unsatisfactory. 

Absence of Injurious Objects in Cabin 

Optimum ■ 5 points 

Check for sharp corners, protrusions, etc., in the  vicinity of the seated 
occupants. 
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