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FIGURE 5. ACCELERATION TIME HISTORY MEASURED WITH
PIEZOELECTRIC ACCELEROMETER, FILTERED AT 100 Hz

30




CSS/TR-96/27

6.0
4.0 h
2.0
=
g
|_
=
0.0
I—J L
-2.0
0.0 0.2 0. 4 0.6 0.8 1.0, 1.2 Tod
TWVE (seconds)

FIGURE 6. ACCELERATION TIME HISTORY MEASURED WITH
PIEZOELECTRIC ACCELEROMETER, FILTERED AT 30 Hz

31




VIRT AXCEL (9

CSS/TR-96/27

0. 2 0. 4 0. 6 0. 8 1.0 1.2 1.4 1. B .
TVE (seconds) 18

FIGURE 7. ACCELERATION TIME HISTORY MEASURED WITH
PIEZOELECTRIC ACCELEROMETER, FILTERED AT 50 Hz

32




CSS/TR-96/27

10
8.0

6,3

50
40

35
25
20 : A
@ /
1,25 - - /
10 min : /
08 — ,/
063 ; / 4

Acceleration a, (rms), m/s?

~

0.4 : 7
0,315 +— /L
0'25 8h (tentative)

———

0,2
0,16
0425

0.1

01 0125016 02 025 0,315 0,4 0,5 0,63 08 10

Frequency or Center Frequency of Third-Octave Band, Hz

FIGURE 11. VIBRATION EXPOSURE CRITERIA FOR LOW FREQUENCY

36




CSS/TR-96/27

10000 f
- Inertial force
0 lvector
E
~ 1000 |
c =
.0 [
‘J —
[1°}
[ -
[+}]
2 k
(8]
& 100 F
6 m £
o : %
[p] L.
, O s
W - N | S
g §
1]
- 10 &
3 E
o E
S > JTL
& | e
1 1o ranl Lot ragael o1 el
0.001 0.01 0.1 1 0.001

Pulse duration t (s)

FIGURE 12. TOLERABLE PLATFORM ACCELERATION-DURATION LEVELS

5




DRI

B e
18—
16—
14—
12—

10—

CSS/TR-96/27

RISK OF SPINAL INJURY
SEVERE DISCOMFORT
MODERATE DISCOMFORT
MILD DISCOMFORT
LIGHT DISCOMFORT

OO0 ® 00

— 20

10 100 1000

NUMBER OF SHOCKS IN 24 HOURS

FIGURE 13. TOLERANCE LIMITS FOR EXPOSURE TO REPEATED DRIs

38




CSS/TR-96/27

Zh,Zh,Zn
Mh Zh=0h (Zd-Zh)+Kh(Zd-Zhl.th
Kh Ch
Zd, Zd,zd
+CI (Zb-Zd)+Ki (Zb-Zd)-ng
K Cc

sy

Mb Zb=Ci [Zd-Zb).,,Ki (Zd-zbJ—Fbg+Fw w

DROP

Zy,2p,Zp

N N N W T M, e e

FIGURE 14. EQUATIONS OF MOTION FOR THREE DOF SIMULATION

39




Force (Ibf)

CSS/TR-96/27

2000
r.
1500 i '
?_.-1 —-—ee Total Force
I Buoyancy
i i --—-— Drag
1000 | 1/ Added Mass
i i
i i
I ir I'I \l
500 t ! ',“\
'I I‘l l'\ ___‘__,..-}'7-"‘"_"-.,_-‘..__‘__
e B T 7 ‘-‘\‘:‘:"\.
,f e "{‘: ST
0t h v ".____:::::—_-..__.:___ _____________________ -
-500 . .
0 10 15 20
Time (sec)

FIGURE 15. FORCE COMPOSITION, HSPB 8-FT DROP, WEDIM PREDICTION

40




CSS/TR-96/27

30. 0

20. 0

10. 0 ‘

o o s st

0.0 0.2 0. 4 0.6 0. 8 1.0 1.2 1. 4 1.6 1.8
TMVE (seconds)

FIGURE 8. UNFILTERED ACCELERATION TIME HISTORY OF MULTIPLE EVENTS
MEASURED WITH PIEZOELECTRIC ACCELEROMETERS

33




Acceleration a, (rms), m/s?

50

a0

715

25

20

125
L]
nR
a&3
05
na

0215

CSS/TR-96/27

Al
. A A
18 /’ / 4/
—~
7 ’J'C d v//
10 ] /’ //" /
19, pask Ef B P WSS s i g
Pttt = — e e A A LT T2
o Da7Zav.aps
'b-,___‘. / J/) / // 4/
= ~ISE T A A NA TV
~ 7 P
\4:\‘ 1 min 1:// ’/ /// .
0.25 \3‘\ - - - “ A i A ’/
\""--.__‘. 25 min '/ // 1/
g o \‘-..._ / // A
~ L // 1/ A
5 \“3._ // 1/ //
g \'-._‘ 25h // 1_/_ -
0 083 2 ] 7/'7
—_— h S—
Pa
0.04 Z/
ah L
To obtsin
0025 1 = ~guposurs lrun™  muliply sccelerstion values
21648 %
- // T‘"n:-u:::ﬂ'o-! Doundery”  drvrde accoberation
v wotues By 3,15 {10 Al lower)
0,016 Bh A
24h t
Oﬂf-ﬁ 04 065 0 08 e 125 16 20 25 315 a0 63 B0 10 125 16 20 25 N5 a0 50 63 BN

50

Frequency or Center Frequency of Third-Octave Band, Hz

FIGURE 9. VIBRATION EXPOSURE CRITERIA FOR VERTICAL DIRECTION

34




40
115
25
‘20
16

1.25

08

A

Acceleration a, (rms), m/s’

050
nan
n3s
ns
n2n
BRI
ni2s

"N

CSS/TR-96/27
. A |/
[ A -
- A ) Fdl e
- TP TIAT T
4
n /’ 4/ 7/ [/ ’/
s A / /] p Fs
. AV A1 XA
z T T IA T T
s bl payd 8
fo.2s /’ _./ //r’ // ,/
el 1 A Z Pl |/
0.18 b6 min J/ // Z/ . /
T AT T
T;_ 1h // // r/ -

L : pd // ,/ To obuin =
= g /', // ,/ A e T i ———_
| LM AN AV, o e R |
mat T o LA B U I

1A /]
0.025
—1 8h L i
- pd
nnis " 16h . A -
* . 24h
noiG D4 05 063 08 10 125 16 20 25 315 40 5.0‘ 63 80 0 12,5 16 20 % s Al 50 (] HN

Frequency or Center Frequency of Third-Octave Band, Hz

FIGURE 10. VIBRATION EXPOSURE CRITERIA FOR LATERAL DIRECTION

35




CSS/TR-96/27

—
. ————

~———= Human CG
Hull and Deck
15

10

e ——
——— —
-
= ——— ——emm—m————

10.0

75}

= lo] o
L o

-2.9

(s.9) uonelsppooy

20

Time (sec)

FIGURE 16. ACCELERATIONS, HSPB 8-FT DROP, WEDIM PREDICTION

41




Velocity (ft/sec)

CSS/TR-96/27

5 /"""'--.
T

\\\

i ~

~
-5
//!
A B Human CG
S - Hull and Deck

20

-25 : - '
B 10 15

Time (sec)

FIGURE 17. VELOCITIES, HSPB §-FT DROP, WEDIM PREDICTION

42




Vertical Distance (ft)

CSS/TR-96/27

0
————— Human CG
s % f Hull and Deck
\\
-10 I~ \\\\ /1//// X
-15 : : ~ .
0 5 10 15
Time (sec)

FIGURE 18. DISPLACEMENTS, HSPB 8-FT DROP, WEDIM PREDICTION

43

20




Vertical Distance (ft)

CSS/TR-96/27

-80
\\
-85 ¢t \\
W,
Ny, 0] me=ee Human CG
A B Hull and Deck
NS,
\ s,
_90 L \\ \\
0.13 £t N\,
T Y
e Mg
\ \\

v NN
‘95 % \\::.\\‘

0 Sy

Y
~ .
o .
\\
\\‘“t
-100 . . N
10 Wis: 80 85 80
Time {sec)

FIGURE 19. DISPLACEMENT-RESPONSE INJURY ASSESSMENT,
HSPB 8-FT DROP, WEDIM PREDICTION

44




Plateau (average) acceleration (ms"2]

CSS/TR-96/27

10000 F

1000

100 &

o
1 ‘rlllll
0.062 sec

L
.

Inertial force

| 1 1 rrenl 1 L]Illill 1 llllllll

1 vector

—t

0.001 0.01 0.1
Pulse duration t (s}

1

0.001

FIGURE 20. ACCELERATION-DURATION INJURY ASSESSMENT,

HSPB 8-FT DROP, WEDIM PREDICTION

45




Power (hp), Acceleration (100xG1/10)

CSS/TR-96/27

400
T -
200 t
————— Total EHP
--—-— Smooth Water EHP
......... 100 x G /10 th
100 +
0 : ' : '
1 15 a 29 %
Deadrise Angle (deg)

FIGURE 21. DEADRISE/POWER TRADEOFF, HSPB MODEL PREDICTION

46

35




TABLE 1. VERTICAL, SEATED HUMAN DRI GUIDELINES

CSS/TR-96/27

DESIGNATION APPLICATION PERCENT DRI VALUE
PROBABILITY
OF SPINAL
'INJURY
Low USAF Seat Ejection 0.5 15.2
Training
Moderate USAF Ejection Seat 5.0 18.0
Design
High Observed USAF 50.0 220
Ejections
TABLE 2. PARAMETERS OF BODY-SEAT MODEL
DIRECTION NATURAL BODY | STIFFNESS | DAMPING | DAMPING
FREQUENCY | MASS (Ibs/ft) (slugs/sec) RATIO
(rad/sec) (slugs)
X (eyes in/out) 62.8 5.14 2.06E4 64.6 0.100
Y (eyes lft/rt) 58.0 5.14 1.71E6 53.7 0.090
Z (eyes down) 52.9 5.14 1.44E4 121.8 0.224
TABLE 3. DRI INJURY ASSESSMENT FOR 8-FT HSPB DROP
PARAMETER VALUE
Maximum Displacement 0.130 ft
Displacement Response Index 10.0
Maximum Permissible DRI (Low Risk) 15.2
Ratio, Actual-to-Permissible 0.66
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TABLE 4. PLATFORM INJURY ASSESSMENT FOR 8-FT HSPB DROP

PARAMETER VALUE
Maximum Acceleration i 730 g
Equivalent Acceleration Duration ' 0.062 sec
Maximum Permissible Sitting 780 g
Ratio, Actual-to-Permissible 0.93
Maximum Permissible Standing, Bent 1014 g
Ratio, Actual-to-Permissible 0.72
Maximum Permissible Standing, Straight 531g
Ratio, Actual-to-Permissible 1.37

TABLE 5. HSPB GEOMETRY AND CONDITIONS

GEOMETRY VALUE
Shaft angle relative to keel 0.0 deg
Distance from shaft line to CG 2.7 ft
Distance from keel to CG 31ft
Distance from transom to CG 10.0 ft
Nominal beam in planing region 8.2 ft
Length on waterline 29.0 ft
Boat weight, fully loaded 15,000 1b

CONDITIONS VALUE
Speed 21 kt
Sea State (significant wave height) 551t
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