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A Study on the Systematic Crashworthiness Design Concept
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ABSTRACT

Crashworthiness design concept in the helicopter development is still under evolutionary stage.
Survivability in the event of a crash was remarkably improved and this fact can be recognized by
the analysis results on the AH-64 Apache and UH-60 Black Hawk crash accidents. Those two models
are the first ones in which the crashworthiness design concept was applied with a full-scale
requirement. Here we need to notice that under—-design of the system results in unexpected injuries
and deaths while over—-design of the crashworthy elements result in unnecessary weight and costs.
If landing gear system would be verified to have enough energy absorption capability in the
specified vertical velocity interval, then design requirements of the airframe, fuel system and
seats could be modified positively. In this paper, the right and systematic crashworthiness design
concept is reviewed on the assumption that design requirements of some crashworthy elements could
be partially tailored.

Key Words: Crashworthiness, Mortality Rate, Energy Absorption, Human Tolerance, Under-Design,
Over-Design
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H Aot ¥yl Fg AEY AAAA C - Container
(ACSDG, Aircraft Crash Survival Design R - Restraint
Guide)[4]°] WFEAH AALTE AFALE E - Energy absorbtion
T#E3te] MIL-STD-1290S R+ sla d+=d], E - Environmental (local)
ACSDGAl A &= 3E 717 A-dstAl AAIEE S P - Postcrash factors
G52 AES JFestl st d7e FEa olgfgt UFed A VR AES AH-64
A4S Asta gvh. o] AAXHL Al-64 L Apache &AAVIE 7]Fow AHad v
UH-60 WF=ehd Al A4 &S vz 2(Fig. DI7].
v, o] F AV 7|FL AA FFxoA ol (Clontainere F/F3ANA9 54 A/
Alge] drjEe] H& s W e d5& =2 7 A A (integrity) 419 ToA4S& 9w
o} F At o AH-64 &7] AMElE BW, 2FA BEF

H FUolA Mtd 7E5d v S A/ AFE(CPG, Copilot/Gunner) &7+S E#ldl:=
(Surion) %= A% A& whgbA] MIL-STD-1290-& blast shield Wl¥-o] SHFY& Hssly] 9g
AR ko] UH-60 Black Hawke} #<] i3k roll-bar7} A= o] 3low, 7|¥E HI &=
FeoZ UFd AAE Y. =Y U e 5 o 234 UFE JAFRse 3s
Fg4 AA 8= dig HFS 1A= WA 7] 93 Hsle 7= Fol Stk oY)
H 43 Hybrid % #A4F T2 31 KRASHE A Aa dojrter & AL AG9] AH-64A ARaL
o] &3le] o]FolFhom, FLFA FE ZHA Ardloll Al e AAEA eIt AW 7|#F H
of digh AAl FEAIEES T3 KRASH a|M 27} NS A2y i eE 2EHAS AASE HE
o AIEE FAFH of&y HAFHANA A AFHE Apo] AWl AHKA o] FAHA k=,
Ad UWFgd 8757 BF FEEHASS ¢ v S FgFo AT A (USAARL, U.S.  Army
o1&}t 5,6]. F8 Folgige AEF FAa Aeromedical Research Laboratory) €7-%1 oA
ZF, Az g EPJdxvE AAR TMEE FF, of mEH, P9 A3 At AE ol st LW
A AF Foldltt. AAzZ o AW =TH FH Fx 4

2 mRdAe UFEgd A4 72deEE 4 dol A3 v Ao =Z YEwT. &, dAF
of B ¥ o4t AtaAd 2443E nEe FEAA PG FZto] H]EARAAA (FElU
vl QoA FEHorE 7 AR YRFg A g STk fgh) 2FA AAH P E(stroke
ALTE HZE(trade-off)S E3sl= vz g path)7} =3l o = Fuw JAJs opr|sh= v}
W3 egd AANE S AAskE o gk g S-S LA AoE EHAT

22 B ROl pssrecT SBS | RecEsaED

21 U= A 71RY3 «X

Fgoz gt FA 54 @AY AAAAE \
AANTE AL D@ EAYE opln, oty LOADABSORBING__ STRUGTURE
AW Fople AL oS Qe ¢ A, 1 LANDING GEAR  FUEL SYSTEM  TURRET MOUNT

= o - [e)

3: i_rjf U;% ﬁ;giﬂ;%z E}‘T‘:Z;;JIEE]ZE’L’O]QE Fig. 1 Crashworthiness design features of the AH-64A

Apache helicopter(7] (Reproduced)
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(Rlestraint =, <7 THZA= EH g olefoll = A Ak mbel zhe] CPG <t
T3 WA A 71Easelth. AH-64 P <A ORTOll o3 54 Aol EAg. =
719l AS g FEEFAVE ddider da T AH-64A Aol M= 2FAE e 9% At
g, 53] ORT(Optical Relay Tube)ell °]% ™ $1X]8+ circuit breaker panelel 2|3 %7 7}
Y FE A4 wEel AW =FHde o= sAo] EAFY. webA 4 AH-64D E'_*E‘Oﬂ/ﬂ
SHE FEAZATE 27 HAT. ol s o] T °] panels & WAoo =N T4 T
W5l A Thed EEAE e, < wjAlElT.

o]Fo ORTE AAZ = A7 AL&HASAE= (Plostcrash Factors =, 3}A), 712, 4=,

ol FEHEAAES AL A&HA. od B Fo] F 7 AEd ¥ VA F
(E)nergy Absorption 5, SEUA S5 Aom, olF 7 Fagk aclo] FE 5 A
As gy FepddddAe 78 BAE 9 ojlty. 1970l T Sto] WiFHA dRAlE
3 vl Tad gie, 53 AT 5 M-S =Hdskr] ool 2A4d AL 7hed F
AAZE Fastek. AH-64 A7]e] g A4 3 gabatol A Al e AbgAke] oF 42%7F ShA el
THA AFZAE FAHeR o] s wY g Aol 1 ol = ZAAY nFE e
e, oluA] F AMAAT B qEs WESAdS 24 @2 9 dua’as Fag
Hgshsd, ofHd oA FAAs et A5E EFete] A B APEAbaLE @A S
F3AR Aow YTHATH. AH-64A AfaLAtE] Haskgltt. olsh o] Fey dsAes A
A Aol o8k, °oF 15.2 m/s(50 ft/sec)7h Alell A-gghell whebr v ot @] F2pabaLd]
Ao 2 FEzdAs AAREe] v s A AR s TheAde] @A Eolellen,
Ao YeEpth(Fig. 2). E3 AH-64 #7]9 AeHor o oo dh HANM FH
g 2 g w28 FRA R S5 dol 4 s dAstAY 7)Al F-el Fel= A
UAE Fretes AA U, F7F Ul o s Eoay
Al-64 @7]el ALH A A AANE
y . e & soplAW, M AFE 2FQ SR 2
Wolth ORT Fule] 9@ FRH Hekalolx
. o7 Brela S e BAds sEe e
5 W) BASS gESE, A6 D719 G4
5 04 FEs e REe UH-60 FEolvh. AH-64
oa - — Apacheol A % 4 gl = the FAAA &3
] e (i I‘A‘AH]'B“ + hard landing &4 9] U= FF59<d
A

0 10 20 30 40 50 60 70 80 90 o, 6.1 m/s(20 ft/sec) ZFoNA 7]A
Vertical Velocity (ft/sec)

A9 glen, FFd F4 AR ¢l
Fig. 2 Comparison of accident fatality rates between BB gz dVdqHE A ==
AH-64A Apache and the Vietnam-era Cobra A £ao]l gglow . Aztsl %

] PR AN —
. o )
helicopters 1972-1990[7] (Reproduced for clarity) Sxo] AAE o] 9= Ao Eby

Local (E)nviromment 5, AZ(F7)d] 2|3+ 22 AFTAKE AEA B
T4 7be s HALSE F RS YR Fx27 UH-60 Black Hawk®} UH-1 Iroquoisell ©l3+ A}
A olok k. AH-64 A7]o] H$- =4 TAE] E4A3E By, 12.2-18.3 m/s(40-60
D AEEE 2300 o8 FAAA T4 ks ft/sec) FAFE=ZNA IFE2] UH-60 B
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Table 1 Comparison on Crashworthy Features of AH-64 Apache and UH-60 Black Hawk

Principal Features AH-64 Apache UH-60 Black Hawk
Vertical Impact - 42 fifsec ) - 38 fi/sec )
within 15% volume reduction within 15% volume reduction
Lateral Impact - 30 f/sec ) .- 30 ffsec )
within 15% volume reduction within 15% volume reduction
20 ft/sec 20 ft/sec
Longitudinal Impact w/o precluding safe evacuation w/o precluding safe evacuation
by the crew by the crew
. ) 24 ft/sec 30 ft/sec
Landing Gear (15° nose-down & 12° roll) (+10° pitch & roll)
Fuel System TR 71-229 & MIL-T-27422 TR 71-22@ & MIL-F-38363
50 ft/sec 50 ft/sec
Crew Seat (30° nose-down & 10° roll) (30° nose-down & 10° roll)
MIL-S-58095 MIL-S-58095

(1) Hard landing with the aircraft remaining flightworthy
(2) TR 71-22, Crash Survival Design Guide, Oct. 1971[9]. (Last revision made in 1989)
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Fig. 3 Comparison of fatality rate between a
“crashworthy” helicopter (UH-60) and an

ve mls older helicopter lacking most crashworthy
Axt= gods Hom wolEd 4 9th(Rig. design features (UH-1)[1] (Reproduced for
2)[7,10]. darity)
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m/s(35-50 ft/sec) FGoHE= All- 644 AEE 00 - T
o] ttx =& Aoz YertHFig. 4). FHolA e ® 30Vertic:I0Velocif;)(ftlsec?o v
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- Fig. 4 Comparison of accident fatality rates between
oo Algfo) A o] AE = B
WE AHANS AZ s A SE&Rm) UH-60 Black Hawk and AH-64A Apachel17]
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Agd 5 vk 7 71FY A4 AT giE U o] AZ(trade-off)o] FFAolrt., YWz o=
Feg dAeFE YEEE A (Table 1), Ao gk oA AARE fAE vhee] Wl 7t
3] & S gxdd vEFg 875 3 A AEE S, AR NEHR dd" F8 <
Fet&rolty,  FAIFHoR, U609  11.6 e atelaof gt
m/s(38 ft/sec)oll WIS AH-64%= 12.8 m/s(42 (a) dAdHe= AL 7Hed o FEXA(H
ft/sec) 02 thah T}, ojARCRE BE AW gdue) - 5, 3, AA
S hAE e AT AH-64 7 AE 9 AW (b) &% + = Hd F45F olo e
el A 9 Y 234 did v F71=8]&(life cycle cost) HoF
FEAUA T JsE FUHENSS AE (¢) & ARNE - 33, F%, 314H
B} 9} (hard-point) 7}&4
(M) FEEA AAE F43= BE 849
2.3 HiFEg yi3=g AAd gk F7]1e8H 8
5 W54 AAF % 57, vE, F THAOR  ‘EulE(right) FEEA FF
7t AuREe AAg FEoR FHAseHA < fellA Ade v 7HA JAAES T UA
AAAoZ AE 7hedt FEAALgA FSAE A8t wEkr AgE. A JF FFo
A7 FgeRRE Bad 5 gle ¥ A AR =W MIL-STD-1290¢] A& ste HdHES &
& Tet. oA UFEd dAE Ao m AR st 7} FAHLAES Jiddler g
T AR EHFE 4 d+=dl, Under-Design 7 MIL-STD-1290¢] = &z|FE e} A= 147
e 7A@ 74 2 AME 298 5 9 £ ooz ZAgdEo] vl sARE offjel] A
oul, Over-Design /IS EZ gk vj& % F AlE = ekl g AEA AARIAET &
Fs Rketth. mEbaA vt yFeEd A BE Fee] d37)el dolAe] uF e AdA
g d8AE o5 AFEEd digk A o]srt o] 7|38 o|&T}.
sTET[11]: (a) 71A HeF=x
(a) AAEQ FF71o ZAAA AL 7hs (b) L5ZF 74%, 49 4 &5 138 4=
Fgxd 4 54 (c) &4 7M45% 874
(b) 949 7t&Ed & 2534 A vkg (D) #5484 fgad
(¢) F4% 7tE%E Wl gk A &&= (e) & & 91¥ a9l
(i) AA A=A
(ii) AA ¥(F, 89, &, 57, dEHF 24 AAA AT B3 UiIFEA 24
(iii) ASZHE ¢ 2458 o 214 WA g5 e Aes Fusstr] AsiAe A
(d) 4R Fx A BE 7183 ATEC] uyEHAok g2 <
(e) FEHR| BA A8l m2 A%, 5% 2 0§ Al AFE \F vk AAE A FERTY A
v o= g Al AleEel dAAAA ATs &
(D) FFHHolAe] &=7] vke 2 et ZA tH12]: (1) #FAFEAA, (2) o= oz ¢+zty
RAEEC] digh 337 F 2 HAASAE 4% = AT ERE, 3) ddT g ;AL i
7V a&He FEA AAe gnre Y Fsln d3d e dFEd AAE HEiA
74 = 2 FEe A &FA Hlel| 2 T o= & 847t vE 84ERY U $83
Aglor gtth. ol g FEWA AAVF Re g o AZtejA = <k "k ol & AdiME A &
A BE FEAAAAN @5AE HEd FE 2E°] AUA FFAAC AAEC] FHHO=E
glovnz, MAAFAME A= A dF 7155 Fasof gt
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