Biomechanics at Impact on
High Performance Boats

Can injuries be prevented?

Johan Ullman M.D.




Experlmental Patrol-and Rescue Boat
gioumieter 260 Hp: 1700Kqg  44kts
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Both hands - and both
feet are needed In the
process of keeping your
own balance.

Body balance
IS essentlal for
full control of the vessel.




High Performance Boats
expose people to dangerous impacts

Experiment |

1. Sit on chair!
2. Lift rear end, just 5 cm_off seat - keep for 20 sec!
3. Imagine impact of 7g - 7 times your body weight

Sitting puts your body weight behind your feet,
- where you can not support it by muscular force.

Sitting puts your spine in the worst position to withstand impact.

Sitting puts your head in front of its supporting structure. (lower neck)




Head well in front of neck
and supporting structures.
Impact puts extreme load on neck.




High-Performance Boats
Expose People to Dangerous Impact

Experiment Il

1. Stand on chair
Jump down
3. Land on heels
- Comfortable?
- Even Possible?

N

Your natural reflexes protect your body at impact.
Your body is programmed to take up impact on legs and arms.
Standing on the balls of your feet, makes your calf muscles

take up impact from the deck.




Sitelple " po guarantee for a balanced head and neck.
Jmogu; IfECtS most joints - from ankles to neck/Head.




Health risks due to
Whole Body Impact

Acute trauma
Cumulative trauma

ISO-standards deal mainly
with cumulative trauma
- continuous vibration

Acute trauma often cause severe injuries.




What parts are at risk?

Spine is subject to
Compressing forces
Shear forces <=> (lateral)

Low back Vertebrae fractures, Disk herniations

Neck Vertebrae fractures,
Disk herniations

Distortion injuries, as in Whiplash trauma
Spinal cord lesions

Extremities Knees - not designed to take up
Impact in near-stretched positions. [TINEEEYN
Ankles - not designed to take up
Impact on heals.




Risk of injury increases with

Level of impact = peak g-value

Jerk = Speed of impact onset
Time from 0-g to peak-g

Duration of impact

Horizontal components

Sitting posture - Jolt

Duration of exposure (Hours on board)

Age

Years of exposure




How to reduce compression forces

Drive slowly! (method available since long)
Hull shape - Sharper V - Softer Impact
Land on your keel! Side impacts are more dangerous.
Suspension Optimized to cooperate with muscular response
Optimize posture.  Allow for correct shape of spine.
Optimize for reflex response - use legs and arms.
Distribute impact between feet and hands =
hips and shoulders, in order to reduce
compression of spine.




| ateral forces

- are mor e danger ous!

Why?




Sitting posture

Optimise for minimal static load
Optimize for minimal dynamic load
Variation without need for adjustments

Shock mitigation, without disturbing
handling of controls
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Side by side mounting of operator stations.




Driver's Back Acceleration
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Driver's Back Acceleration

Note the standing oper ator
receiving an amplified impact
- greater than the boat hull s.
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Driver's Back Acceleration

Boat

Stidd

— 39268
ol A
- 49 268
— LSEBE
- BT CBE
- B ZBE
- A1 6L
o i
- EY B8
— 7 ZEE
- BEZ6E
- BEZBE
ot A
ol R
- 40060
- EEBE
- B2 EhE
- L2 CBE
ol AR
o A
- E€ €88
SR XA
— Bl 2B
— Bl £BE
9l "zBE

10 T

(6] z-uoeisgaay

Time (Seconds)

Elack £

Fad £

Blue =

20070728 1520032, 000

Fre: DOT2Z601 2,

Uit LAirrran



Acceleration - z [5]

Driver's Back Acceleration
Run 24, 012901
Scatterplot (D012901 seqd. 5TA 14737800¢)

Note phase difference.

The operator in the Ullman Cockpit
reaches the acceleration peak

after the standing operator.
Significant differencein risetime.
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Acceleration - z [(5]

Driver's Back Acceleration
Run 18, 0129071
Scatterplot (DOM2901 seqd. 2TA 14y 37800c)

Notethe
higher peak value,
5 the shorter risetime and the
high frequency components
in thetraditional seat/standing.
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Acceleration -z [
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Driver's Back Acceleration

Note the 180 phase shift between the boat
and the standing operator
In the traditional seat.
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Statistics
Mean impact on drivers backs

for all recorded hits

and for more severe hits, over 4g

Threshold|N hits Impact on drivers back Difference
0
Ullman Stidd Difference (%]
30 52 2949 409 1.1g 37 %
49 22 3.3¢ 509 1.7 ¢ 52 %













Can a standing person
get a higher impact
than the boat Itself ?

YES
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High Performance Boats expose
people to dangerous impacts

UllmanCockpit can significantly reduce these force s,
by synergy with the human biologic suspension system
- The greater the impact, the greater the difference
UllmanCockpit helps keep your back s S-shape

- the optimal position to withstand vertical impact.

UllmanCockpit can also reduce compression forces o n the spine
further, by distributing impact between hips and shoulders.










