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1 VEp=Vv/SIN1O

Vv=18/0&30/

Vip=17£2. 8

2 Vparall el =\W1p6*2C/BS 2 0
Vperpendicul ar=5Wf.pl* SI N 20

80

S parall el
S perpendicul ar=1+1=2
G=V*V/2gs

Gparallel= 16251625 / 64*80 =5.16g

Gvertical= 59.1*59.1 / 64*2 =27.3g
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GPERPENDICULAR =27.3

GpARALLEL =5.16

1 & B
Gparallel *Gparall el + Gvertical*G

GeRul £ant 8¢

Tanal pha27. 3/ 5. 16

Al pha=79. 2

(B) - Viina=

DECEL

mnuw\

: G
T TIME 64.4s

[=]
.

TIME : S
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DECEL
»— TIME
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= X
TIME Or:
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2V,

: t=—2
Gl 32.2
DEGEL -
Et TIME G - 4'V02
Vo _\E 96.6S
VELOCITY 2 2
L TME : S= Vo = ﬂvo
96.6G 3 gG
2
or S= 32.2Gt
3
V
sl | _ [ 2 157,
DECEL . 32.2G
T e : G- 0.7854V,?
: 32.2S
VELQGITY .‘-.-."--. - E 82&54.\/02
VO -~ : TlME 322G
2
or S 32.2Gt
3.14
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STOPPING DISTANCE - FT

DECELERATION IN FT/SEC2
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V# 0

DECEL

Yo

VELOCITY

. NO.1

DECEL

Yo

t
VELOCITY \|

[1. NO.2

DECEL

VELOCITY =
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Vo - Vf
t=
32.2G
TIME _-\45 _ \/f
~ 64.4S
i _ Vo2 - sz
THE " 644G
2
Or: S=Vot- 32.2Gt
2
t= 2(\/0 - Vy )
TME 32.2G
_ NGV, - A
96.6S
TIME o= NE+NV, - N
2
Or: S=Vt- 32.2Gt
3
t= 2(\/0 - Vy )
TIME 32.2G
_ \45 _ \/f
~ 32.2S
V02 - sz
TIME S=
32.2G
Or:
2
S=Vt- 32.2Gt
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03
27" Pulse duration“t,”in seconds for RECTANGULAR pulses only.
t To obtain“t" multiply by 2.0 for all TRIANGULAR puises; multiply
by 2.4 tor CUSPQID, and multiply by 1.57 for HALF SINE pulse.
For Ve £0, tyue=to{17Vy/ V] for all pulses.

't-m‘g > tb [}' V;/VDJ

V; - Ft/Sec.

Decel.Ft

TURNBOW KINEMATIGRAPH
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(C) Turnbow

k = 2.4 for cuspoio pulse

ASC-TRT-02-02-001

I1 I < ~
m\\ \7'
¢
7 V,=80ft/sec
v ; V=60 ft/sec
e .
° . o ] Distance = 3 feet
%| /e V, IV, = 0.75
\ n S ) 29 Frro™ M
i I I w  G=29
} P/ %, = 08| 1,=0.084
V=% t=2t[1- V,/ V]
tyue — 2(.084)[1-.75]=0.024sec
1. [ 111
2. [l and IV S Vo
S=1 ft S=10ft, and S=2 ft, 3ft, or
Sead . Ditto for V.
e = Grea read Otrue = (1)
l ’ gSrue Véread ﬂ
02/, 0é V u
e = K To % e é e ] - 2
gSread Votrue g@ Vo g @)
k=1for
k=2for
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k =1.57 for

3. Note 2

> @(D\

U
u>1for V,<0
¢

o< |*<

4, E, A V, <O
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ACTUAL TIME “t" - SECONDS
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0 0
i \ t=t.,(1-‘éf-) 01

LAY i

2 q :
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Plot for correcting time* to” to true pulse duration” t” when the velocity at
the end of the pulse is not zero V;# O
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FINAL VELOCITY = Vs
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(D) - - FOR THE CASE V,=O

1
:(8) Pulse Shape
(b) V, = 70 ft/sec a t
() S=4ft |
G
START HERE
ur //
1[\!0 =70
G =51~ :
READ PEAK G HERE
a
\® READ t = 0.043 AND MULTIPLY BY
2.0 FOR TRIANGULAR PULSE
THUS PULSE DURATION = 0.086 SEC
Answer
N2 g 2
Gz =4 10 _gi5
96.6S 966 4 —
o .
o - 2 10 =0.086sec

322G 32251
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2

:(a) Pulse Shape
(b) V,=50ft /sec
(C) Gpeak = 40

READ G =19FT

ANSWER

40G "7___® START HERE

S=1.9FT |- %
i VO = 50
- o _ 2 ,50 = 0.078sec
322G 322" 40
2 ,
Vo _ 50" 50 = s=1.93ft

S= =
322G 322" 40

ASC-TRT-02-02-001

\@ READ t = 0.039 SEC AND MULTIPLY BY
2.0 TO GET

- PULSE DURATION = 2 x (.039) = 0.078 SEC
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3

(@ V, = 60 ft/sec
(b) V,, = 40 pesk
(c) s=3ft
ALSO STARTHERE s = 3FT GET THIS INTERSECTION
w P
NZ
s=3FT - ’//

g

S ==
V°=50
\
: \® t = 0.045x 2 = 0.090 SEC

THE PULSE SHAPE IS THEN BETWEEN _[-4]_ AND _IA OR

APPROXIMATELY:
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FLIGHT PATH

V,, = 60 FT/SEC

e

|

I
a |

I

b TIME
~—]— SAY ¥ OF TOTAL DURATION

4

vdidsnce V,=0

START HERE
READ ANSWER HERE

=

‘'9.5G = PEAK G
\ ANSWER
t=2x.190

t = .380 SEC

ANSWER
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Given: 39

AIRCRAFT STOPS HERE
Vg = 70 FT/SEC 39 FT »> i Ve o
G The pulse shape, peak G, and pulse duration.
10 V# 0
39 p=1.00.

The average resistance to motion is
R'=uN=pxW=1x8000=8000Ib
lW Where:  N=Normal Force

s W=Weight of
R‘%
N=W -

We can now apply Equation 21 of the basic notes to calculate the exit velocity from
the trees.
Thus,

V=4/2gn8

(exit)
=42" 322" 1" 39
= /2500 =50ft/sec

ASC-TRT-02-02-001 Page 25 of 47



We now use the approp5riate equation for computing G and t for the case in which
V# 0 assuming a pulse shape:

.

Thus:

o NG - NNV - NE 47 (70)2 - 2(70)(50) - 2(50)2 _ Ge
96.6S 96.6" 10 feet

7.

(o]

- 2(VoV+) _ 2(70- 50)
322G 322" 7.8
To obtain the graphical solution

=t=0.16seC Answer

V
Note: —=—=714
V

Observe: S;,=10ft, and Let: S =2ft.
From the kinematograph we have:

«

Y
\

PSPy
q -
Y, :
p Gpeap =40
Vp=50 ty = .0545x 2 = 109 SEC
READ
k
Then:
SRead 2
GTrue GReadx = —=GT=8
SI'rue 10 =——
Answer
and:
_ é V,u 06
tTrue_kto . é]_- —fu h = (109)(286)(?@-—9: tT =0.156
& Vol Ske e2g ——
Read Answer
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3220 pounds 40 ft/sec . 3
: G
10ft/sec or 1.56 feet

3N,
CRUSHABLE
STRUCTURE

¥
=

The energy-absorbing capacity of the gear is:
E;}/MV DES = }/@(10) = 5,000ft/Ib

or E=W,;A/C" DesgnDropH,; =3,220(1.56) = 5000ft/Ib
Atimpact V=40 ft/sec , the kinetic energy is:

KEmpai= Y MV,2 = @(40) =80,000ft/ Ib
2 1

When the belly contacts the ground the energy is then 80,000-5,000=75,000 pounds,
and the velocity of the fuselage is given by:

1/MVZ = 75,000

o V7 :m =1,500
3,220/32.2
and V. =38.6

The landing gear then only reduces the velocity by about 1.4 ft/sec.
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Assuming a pulse shape of the type:

1(< TIME
Q NEGLECT PULSE DUE TO LANDING GEAR
we have;
2 2
_ V, _ (38.6) 185G
32.2S 32.2(312)
N, _ 2" 386 =0.013sec

t= =
322G 3227 185
Actual tests of H-25 helicopters under a drop of 44 ft/sec have given pulses:

APPROX. 200 G

TIME

<—>|— APPROX. 0.010 SEC

And for H-13's pul ses:

APPROX
200 - G

TIME
<—>’— APPROX. 0.006 - 0.010 SEC

NOTE: The student should solve this problem using the kinematograph.
Mr . HaRrorbye r s o n
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Ambient and Radiant Ternperatures in the Cabin
of Large, Crashed, Burning Aircraft

1,000
Radiant Curve
800
g: /
© 600 (A\
2 Ambient
o / Curve
2 400
: /
2
200 / Average escape
A/ time =135 88 -
o Po—e—s / | l

0 40 30 120 160 240
Sk Time After Impact (sec) °

Mr . Rober son 1
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Ms . JaHhamrak r i der 19783 1 |, DC- 10 -

10, CO-603

Ms. Janna Har krider

Crew Performance
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Mr . Jack Cress

Airframe Structure Crash Resistance
Design Features

HI'I'MH 'I'H.I.hlld!!bbﬂ ENGINES,
GEAR ANB SEATE

4® 01002 23

AR

BAINTAN FROTECTIVE BHELL
ARDUNE OCCUPIED AHEA

FOR POSTCRARS
IHIRM# -1 ]

FACVIDE Huy- ﬁ‘l—'ﬂﬂﬂ:lml‘.l .‘l‘lml
T ACDEOE CRATH LOAD
DOCUFANTE AND LARGE Ilp..-ll
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Depth of
Structure
Between Aircraft
Floor and Belly
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Cost of Injuries

U.S, Army Standards

Submarine Youth,
andfor Enlisted Students, and

Flying Cther Personnel, Civilian Foreign
Ofticer Officers Cadets Employees MNatienals

Fatality §1,100,000 $305000 §$125000  $460,000 $270,000
270,000(1)
Permanent Total 1,300,000 845,000 500,000 365,000 390,000
Disability
Permanent 210,000 145,000 115,000 250,000 180,000
Partial Disability
Lost Time Case 425 days 426 days 375 days 350 days 300 days
FAA Standards |
Fatality $2,700,000
Serious Injury 500,000
(1) Flight erew member fatality.
ka8 .
- 801
Chi ef
Exami n®r . Philip Keen
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NTSBFAA

Dr . Kee KX

DNA
Mr . Stanl ey
Desjardins
Mr . Desjardi ns 1 2
3 4
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Effect of Lap Belt Anchor Location

® Less pelvic excursion

® Best location for 2-, 3-, and » Best location for 5-point and
4-point restraints side tie-down restraints ®

LSl

Types of Belt Restraints

UL i Lap belt
|I (2-point)

4-point

3
L

Side
Tie-down

D
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Shoulder Harness Anchorage Geometry
Back Tangent Line

Maximum o S5k
Shoulder
Strap Angle

FETIEEERY

Seat Reference Point
R = Resultant
SSL = Shoulder Correct Incorrect
Strap Load Small vertical load Large vertical load

@

Injury Severity Distribution with Lap-Belt-Only
Restraint

* T Vartical Velochty (Risec)

o Hona
& Ming:
& Sarious
& Fatal

Longitudinal Vefocity (fiisec)
- L £ -

Envelope Code
FFrFFTFYF FRogion of Iumrlrgurj-
T weeeeree  Rogion of onsat of
BEfPouE iqfur’-
— = = G5th-percentiis
survivahie accidonis
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Injury Severity Distribution with Lap Belt

and Shoulder Harness o <Ly
N e SR

- --Vertical Velociy {ftisec) hhadid N
loluinx Gosle T e

- 0 Nome e
& Minos

j & Serious
w 4 Fatal

Lengitudinal Velociy (fised)
e ¥ 4 i

[ region &t Minor injury

rrrrrrrz Region of Onsel of
=y Serbous Injury

L%

IS5th-parcentiie
Survivablo Accidents .

Dr. Lance C.
Survivabl e
Crashworthiness

Dr . Labun

Cont ai ner

Dr . Lab@QREEP

CCont aiRReerst r aBEEmtv i

ronment
ASC-TRT-02-02-001
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E EnerAgbysor ptPi Boast cFashor s

L ERE] @
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Vertical Energy-Absorbing Stroke

—
Stroke

i

Unstroked Stroked

Mr. Harry Robersor
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@
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Mr . Jo€ephman

Dynamic
Testing
Drop
Tower
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Setup for
Test#2

Example of

S &
Load Factors for Static Tests
up 8G ARt Forward '
,!i ,
ez 35G j
Combined
X
z
14.5
o D
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Human Tolerance to Acceleration

23 G

15 G
HUMAN TOLERARCE

.1 seo duration,
restralnk,ref TRY¥-11)

Human Tolerance to Acceleration

200
100 P
o L |
= 1} { aa of
L3 \\ severa injury
o
-y 2
= 40 \ Area of
» moderata x
“ V'E injury I |
g 28 4 -
4 ugyestod limit for
a rashworthy sant
H rmance
e 10 ! 2
8
g 8
]
5 Duration pagni-
;':-'. 4 cude
0O Heg * £ _32_
& Chinpapses  Rooelération :
2 All survivalble .:po-ur:: //fd
Hax, bhody support in a CAA®S
. £ by 205
Tine
1 1 1 1114}
-09% =002 =004 .00 0L =02 04 .06 ol LI5 .2 ok «5 B 1 2 4 &

Duration of uniform acceleration, sac

B2 .
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Pi per 28 Cherokeel80

Open Book

27 (
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(NTSB) DO
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