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ÅAbout us

ÅUnderstanding  speed at sea 

The ScotSeat KPM Marine joint venture was created by a chance meeting

between Scotseat and KPM marine at the SeaWorks show whom had

adjacent display stands . Scotseats vast experience in the production of

seating for the marine industry and commercial vehicles had been

reviewing design and manufacture of its own suspension systems due to
constant failure of third party supplied systems. The meeting could not have

been more fortunate, for KPM has a background in high performance,

safety critical world of powerboat racing and design innovation Awards for

safety at sea. Its prolific technical director Jules Morgan holder of three

world water speed records , had been using a low profile shock mitigation

system in his own boats for 10 years . Based upon Jules Morganõsvast

Experience as an endurance racer, he knew that back injuries were not only

a consequence of vertical pounding at speed but abrupt lateral movement

as well . The collaboration allowed Scotseat and KPM Marine DE to combine

their collective knowledge and customer experiences to re-conceptualise

and develop the most effective shock mitigation systems on the market . The

ethos of both companies is upon continuous development to deliver

increased safety at sea and customer service .

Shock mitigating marine seats or boat seats with springs and shock

absorbers have been around for at least 50 years . Adding a spring and

damper to a boat seat, platform or deck does not necessarily make it safer .

If the suspension system is not designed properly it will make matters worst

for the seat occupant . A seat out of phase with the wave impacts will have

the seat spring expanding upward when the boat slams into the next wave .

The waves' impact force will accelerate the seat occupant downward

while the seat spring is forcing the seat upward and the rider will
experience a greater slam than if he was sitting on a box . A suspension

system needs to be properly damped so it has recovered to the initial top

position, before impacting another wave . [1]

Suspension systems should be designed with the following in mind ;

ÅThe spring/damper system must be recovered and stable from the one

wave impact oscillation before the next impact .

ÅThe system should be non -linear, having an increasing spring rate as the

bottom of the stroke isapproached .

ÅThe mechanical suspension structure should be very stiff to prevent flexing

and compounding loads due to out of phase oscillations . The seat foam

needs to be designed into this system.[1]

ÅThe system should be able to deal with a vertical G force of 25G, a lateral

loading of 6G and a for and aft force of 6G.

ÅThe system must be able to deal with longitudinal and transverse waves

including underwater explosions .

Scotseat KPM marine seating systems continuously test and develop in all

sea states to ensure that their products are meeting the demands of the

latest boating advances

Ref: Sea keeping and Human performance.; Coats and Stark ;Naval Surface warfare centre USA



ÅSeat  (Tertiary Mitigation)

ÅShuffle System (Secondary Mitigation)

ÅAdjustable Height & Shock 
suspension (Primary mitigation)

ÅProtects Vertical impact to lower spine 
and coccyx
ÅSeat design and ToughTec neoprene aids 
Neutral Spine position
ÅMitigation Foam Isolates multi frequency 
vibration and amplification.
ÅIncreased lateral security

ÅSide supports work in conjunction with 
shuffle system to reduce lateral whiplash.  

ÅMitigates longitudinal and lateral 

impacts in three dimensions
ÅProgressive cushioning in vertical plane
ÅReduces  small amplitude frequencies 
which cause stress and fatigue found in 
whole body vibrations

ÅReduces Frequency amplification

Reduced seat 
pressure points by 
use of mitigation 
foam

Å150mm of progressive travel with spring 
damper .
ÅThree level adjustable shock absorber for 
different weights
ÅAutomatic Body Mass Index 
compensation for weight when height of 
seat base is increased. 
Å75mm height adjustment

Å.Progressive return stroke to eliminate 
catapulting out of seat and whiplash.

The TSMpedestal seat gives the user three forms of shock mitigation, not just one as with other shock

mitigation seats currently available . The primary system is a shock absorber , which when adjusted to

a higher position changes the angle of attack of the shock absorber and increases its force . In doing

so the seat is adjustable to different Body mass Indexes affording greater comfort to the user. Beyond

this there is the Secondary shuffle system which allows for lateral or sideways impacts and reduces

side jerks and twists that are a major cause of injuries. The final part of the system is shock mitigation

foam which is a Hybrid Air Cushioning Foam System (HACS) and reduces pressure points and low

amplitude frequencies and vibrations . Seat design and non slip Toughtec neoprene provides a

secure base to maintain a neutral spine position .

Three Stage Shock Mitigation (TSM)



The means by which craft motion can affect human performance have been described in a

model developed by members of the ABCD Working party .

ÅFatigue ðThe motion of the craft causes fatigue, which degrades the work capacity (physical

& cognitive) of the individual . Thisis known as Motion Induced Fatigue (MIF).

ÅBalance ðThe motion experienced on HSC can cause individuals to lose their balance and

therefore it takes longer to complete tasks. Thisincrease in task time has to be factored into the

operation of the HSC system, or solutions devised to make the task simpler . Thisissue is known as

Motion Induced Interruptions (MII) .

ÅMotion Sickness ðMotion sickness can cause people to become incapacitated and unable

to operate effectively . Thisis known as Motion Sickness Incidence (MSI).

ÅCreating the perfect ride and Human Factor Engineering
Scotseat KPM understand and continually test to determine the most effective seating configuration

to eliminate as much Whole Body Vibration (WBV) possible as laid down by EUdirective .

Vast Independent and Scotseat KPM test results have shown that a single action suspension system is

not effective in combating whole body Vibration . For the following reasons;

ÅFixed and single action seats have a natural frequency and as such has an amplification

range when the resonant frequency matches the natural frequency . When this amplification

range is reached the result is higher vibration . The TSMSystem evades this amplification since

its compound spring system does not allow harmonization A good analogy is an unbalanced

wheel .

ÅBass University of Virginia Biomechanics department have proven that poor posture created

by a range of variables can loose 30% of its effectiveness .

ÅA fixed or single action seat system that cannot be adjusted to the external variables can

potentially create more damage to the occupant and increase the Vibration Dose value .[1]

ÅControlling Motion Using Scotseat KPM TSM System
At Scotseat KPM we realise that every wave is different , but not only the wave but every

boats sea keeping, Coxswain driving style, sea state, speed, and most importantly the

person . These motion variables need to be kept in check if injury reduction is afforded to the

occupant . The Scotseat KPM Three stage Mitigation system allows the occupant to adjust

the seat to account for these variables . The Scotseat KPM TSMsystem is the only system on

the market that can do this.

HSC Sea keeping

Sea state

Coxswain skill

Speed

Occupant

Less Injury

Less fatigue

Less motion sickness

Improved balance

Occupant Security

Variables TSM Control Results

[1] Ref: Sea keeping and Human performance.; Coats and Stark ;Naval Surface warfare centre USA



ÅCreating the perfect ride and Human Factor Engineering

Shock mitigation seating is ineffective against whole body vibration unless the seat conforms to the

height and body weight of the occupant . Scotseat KPM marines seats have a revolutionary

adjustment system that allows the occupant to adjust the seat to suit their own individual

requirements . Scotseats KPM marine have extensively researched and designed its TSM seating

range to accommodate variable body sizes.

ÅOccupant Height Compensation
All seating is designed to a standard that includes 5 to 95

percentile fit of the population . Without adjustability

seating would only apply to a smaller proportion of the

population . With shock mitigation seating having the

correct height adjustment becomes even more vital since

a poor fitting system or posture would event in more

damage to the occupant than if they did not have a

seat . The Scotseat KPM seat systems have allowance for

75mm of adjustment to ensure that the occupant is

receiving maximum benefit from the seat system resulting

in less injury.

ÅOccupant Weight Compensation
In order to obtain maximum benefit from a shock 

mitigation the system must account for the weight of the 

occupant. The Scotseat KPM system has two forms of 

adjustment for weight. The shock absorber can be set to 

three weight levels and responses. In addition there is 

further adjustment built into the height adjustment unit.

ÅAutomatic  Height Weight Compensation.

Unique to the ScotSeat KPM

system this feature automatically

adjusts to the occupants body

weight and height ensuring that

the occupant is perfectly seated .

By simply adjusting with a handle

at the rear of the seat to the

occupants required height the

shock absorber angle changes to

compensate for the average BMI

weight . Exclusive to Scotseat KPM

this feature ensures ,quickly and

accurately, that the occupant has

a perfect seating position and
comfort .

System Profiles

Ht=1.5 meter 

Wt=45 kg
Ht= 2.0 meters 

Wt=109 kg

Shock

adjustment



ÅLumbar disc herniation
These occur in the lower back, most often between the fourth
and fifth lumbar vertebral bodies or between the fifth and the
sacrum . Symptoms can affect the lower back, buttocks, thigh,
and may radiate into the foot and/or toe .

ÅCervical disc herniation
These occur in the neck, most often between the fith & sixth
(C5/ 6) and the sixth and seventh (C6/ 7) cervical vertebral
bodies . Symptoms can affect the back of the skull, the neck,
shoulder girdle, scapula, shoulder, arm, and hand .

Scotseat KPM  three stage shock mitigation system has been designed to reduce the effects of 
Repetitive strain injury caused by occupants that are consistently operating in endurance 
conditions that create fatigue over extended periods of time. Minor back pain and chronic 
back tiredness is an indicator of general wear and tear that makes one susceptible to 
herniation on the occurrence of a traumatic event from bending to pick up a pencil or a 
traumatic injury from a fall. When the spine is straight, ( spine neutral position ) such as standing 
or lying down, internal pressure is equalized on all parts of the discs. While sitting or bending to 
lift, internal pressure on a disc can move from 17 psi (lying down) to over 300 psi (lifting with a 

rounded back).

Modern boating activities are putting greater demands on the boatman and their welfare . As

these demands increase so do the risk and severity of injury resulting in valuable personnel being

out of operation for an average of 4 weeks and anything up to 3 months . The TSMseating system

is the first line of defence for personnel and has been designed to reduce injury and the possibility

of Repetitive strain injury . The Scotseat KPM cdv xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxn

system reduces the risk of injury significantly by addressing the most common medical problems

encountered by fast boat operators ..

7%

35%

20%

7%

15%

Report No. 00-48, supported by the Office of Naval 

Research, Arlington, VA

Occupant Injury Recognition & Reduction .

ÅMusculoskeletal disorders 
(MSDs) can affect the body's muscles, joints, tendons, ligaments 
and nerves. Most work -related MSDs develop over time and are 
caused either by the work itself or by the employees' working 
environment. They can also result from fractures sustained in an 
accident. Typically, MSDs affect the back, neck, shoulders and 
upper limbs; less often they affect the lower limbs.

ÅRepetitive strain Injury

ÅCommon Complaints of fast Boat occupants
The occurrence of injury experienced by most boat crews are shown
in the diagram . In most instances the occupant will experience a
combination of these injuries resulting in sick leave

ÅGs Above Static Personal Effects/Human Discomfort

0.6 G     minor discomfort

1.0 G         maximum for military over 4 hours

1.5 G        maximum for military over 1 -2 hours

2.0 G    Ethics of testing questioned

3.0 G      Extreme discomfort

> 5.0 G physical injury


