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Preface 

This document is a working paper for development of Industry  Standard Seat 

Performance Evaluation Criteria  (ISSPEC) for shock and vibration mitigation seats used 

onboard high speed planning watercraft.  

Currently, there are a range of standards and methods for evaluation of seat 

performance and estimation of health effects on occupants. A couple of examples are 

ISO 2631 part 1 and part 5 (Ref 4, Ref 3). 

Test inputs, i.e. the deck motion, are specified in terms of sea conditions, and direction 

and speed of watercraft. Deck motion is not constant at all points on the deck so only 

two or three different seats can be tested for comparison at once. Results are difficult 

to translate for comparison to other seats. Test conditions are not repeatable and 

testing is expensive.  

A repeatable and economical method to quantify seat performance in a laboratory 

setting is therefore desirable. This method would not be intended to replace existing 

standards.  
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1.0 INTRODUCTION 

Mitigation devices, typically incorporating a spring and a damping element (see Figure 

1), are fitted between the deck and seat to isolate an occupant from potentially harmful 

deck motion.  

 

Figure 1  ͮShock and vibration isolator 

 

Shock and vibration, particularly in the vertical axis, is known to increase the 

probability for injury. 

Vibration inputs are not considered in this document because of the potential expense 

and lack of availability of sufficiently capable vibration tables. This is not keeping with 

the intent of economical evaluation. Further, shock impacts are likely to increase 

probability of injury beyond that of vibration.   
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2.0 SCOPE 

Criteria and methods in this document apply to measurement of the shock mitigation 

performance of isolators incorporated into single occupant seats for mitigation of 

vertical deck accelerations (shocks) representative of those experienced on high speed 

planning watercraft.  

A test method is defined along with a performance criterion.  

 

3.0 GENERAL 

In this document deck acceleration in free fall is defined as -1g, at rest it is defined as 

0g.  

The acceleration shown in Figure 2 is representative of rigid body motion of a deck in 

the vertical axis during a shock event. In the figure, the peak accelerations range from 

3g to 10g. The duration of the half sine pulse ranges from 30 msec to 75 msec; 

therefore the pulse contains frequencies ranges from 6.7 Hz to 16.7 Hz.  

Frequencies of 0.5 Hz to 80 Hz are considered relevant to health, comfort and 

perception according to ISO 2631 Part 1 (Ref 4 , p1). 

The human spine model in ISO 2631 Part 5 used for evaluation of potential injury 

caused by vertical shocks takes into account frequencies from 0.5 Hz to 40 Hz (Ref 3, 

p12). 

The spine of a seated occupant is most susceptible to injury from vertical shocks 

which contain frequencies of 4 Hz to 6 Hz (Ref 6, p24-3). 

It is proposed that half sine pulses of 3g, 6g and 10g each with duration of 0.1 sec (5 

Hz) be used to represent vertical deck accelerations for testing. 
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Figure 2  ͮRepresentative vertical deck accelerations (Ref 2, p26) 
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4.0 TEST EQUIPMENT 

4.1 TEST SEAT 

One seat is required.  

4.2 SHOCK GENERATION 

4.2.1 Drop test rig 

A manufacturing package is available for CDGͻs drop tester shown in Figure 3. A 

moveable frame (the deck) slides vertically in a stationary frame which is secured to a 

concrete floor. A clevis shackle is fitted to the top of the moveable frame. A release 

hook with cord for manual release on a crane is connected to the clevis shackle. The 

crane raises the moveable frame. The moveable frame is dropped by pulling the cord 

on the release hook.  

The deck measures approximately 24 inch x 48 inch and weighs 400 lbf. Total vertical 

stroke is 58 inch.  
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Figure 3 - CDG drop test rig 

    

4.2.2 Deceleration device 

A deceleration device is secured to the floor centered under the moveable frame. (Note: 

this device has not yet been identified, however, testing with elastomeric bumpers 

manufactured with controlled performance characteristics have showed promise 

during CDG testing). 
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4.3 TEST WEIGHTS (OCCUPANT) 

4.3.1 Weights 

Occupant weight affects isolator performance. As an example, the weight for the 5th 

percentile American female and 95th percentile American male are 110 lbf and 267 lbf 

(Ref 7,p74).  

Adding an allowance for clothing and gear and rounding to the nearest increment of 5 

lbs, the suggested test weights to account for an occupant are 100 lbf, 250 lbf and 350 

lbf (see Table 1).  Test weights may be changed to represent a different user 

population (see section 7.0 for further details details.) 

Ballast weight is also required to ensure that the total drop weight is always the same 

(see section 5.3.1).  

Table 1 - Weights to represent range of occupants for example population 

 REFERENCE UNITS MIN AVG MAX 

OCCUPANT  ASTM F1166-07 [lbf] 110 189 267 

OCCUPANT CLOTHING/GEAR Representative values [lbf] 0 
 

48  96 

TOTAL OCCUPANT   [lbf] 110 237 363 

      

TOTAL WEIGHT   [lbf] 110 237 363 

TEST WEIGHTS  [lbf] 100 250 350 

 

 

4.3.2 Occupant weight  

Steel discs are secured together through common central holes with a bolt and nut. 

The disc assembly is strapped to the backrest of the seat (see Figure 4). 
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Figure 4 - Occupant weight assembly 

 

4.4 INSTRUMENTATION AND DATA ACQUISITION 

Two single axis accelerometers are required. One is required to measure the deck 

acceleration, ώ, and another is to measure the seat acceleration,ὼ. 

In order to detect the drop phase of the test, accelerometers that can detect steady 

state accelerations are required. At rest, the output of the accelerometers is to read 0g 

and in free-fall the accelerometers are to read -1g. 

Data may be filtered in hardware with a low pass filter with a -3 db cut-off frequency of 

150 Hz.  Data is to be sampled at a minimum of 450 Hz. Accelerometer signals are to 

be sampled simultaneously.  

The amplitude range of the seat-pan accelerometer shall be at least +/-15g.  

The amplitude range of the deck accelerometer shall be at least +/-25g.  

Resolution is to be at least 12 bits. Frequency responses of accelerometers and data 

acquisition equipment capabilities are to be selected accordingly.  

Follow manufactureͻs recommendations for calibration and retain calibration 

certificates. 
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Figure 5 - Identification of seat and deck variables 

 

4.4.1 Seat accelerometer pad  

The seat accelerometer pad used for ISO 2631 testing is shown in Figure 6 (see Ref 7, p 

3).  

The particular shape is to be modified as required to support the occupant weight 

assembly.  

 

 

Figure 6 - Seat accelerometer mounting disc  
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5.0 TEST PROCEDURE 

5.1 CONFIGURATION 

The test seat is to be mounted to the moving platform as it would be mounted in a 

watercraft.  

The seat accelerometer pad is to be place on the seat pad. The occupant weight 

assembly is to be placed on the seat accelerometer pad and secured in place (see 

Figure 4).  

The deck accelerometer is to be mounted on the moveable portion of the drop rig 

directly under the seat pan (see Figure 8). 

 

Figure 7  ͮPositioning of deck accelerometer 
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5.2 DECELERATOR 

Secure decelerator on the floor directly beneath the center of the dropped mass. 

5.3 INPUT WAVEFORMS 

5.3.1 Drop heights 

Drop heights required to generate the desired pulses are in Table 2. The speed at time 

of contact with the decelerator is provided in the same table for reference only. The 

drop height, h, labelled in Figure 8. 

 

Figure 8  ͮDrop height 

 

Table 2  ͮDrop heights 

 DROP HEIGHT SPEED AT TIME OF CONTACT WITH 

DECELERATOR (1) 

 [in] [in/sec] 

3g 3 34 

5g 6 71 

10g 39 123 

(1) for reference only 
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Table 3  ͮBallast  

 TEST WEIGHT (1) SEAT WEIGHT (2) MOVEABLE 

PORTION OF 

DROP TEST RIG 

BALLAST (3) TOTAL DROPPED 

WEIGHT 

 [lbf] [lbf] [lbf] [lbf] [lbf] 

OCCUPANT WEIGHT 1 100 150 400 250 900 

OCCUPANT WEIGHT 2 250 150 400 100 900 

OCCUPANT WEIGHT 3 350 150 400 0 900 

(1) according to user populations (values are for example population, see section 4.3) 

(2) value is maximum allowable 

(3) to ensure total dropped weight is 900 lbf 

 

The target vertical deck accelerations for the above drop heights and dropped weight 

are to be generated, within yet to be specified tolerances, are shown in Figure 9. 

 

Figure 9  ͮAccelerations 

 



 
  

 
   
 

page: 12 of 17 
 

101-1759 Sean Heights, Saanichton, BC Canada V8M OA5  |  Toll Free: 1.888.637.4697  |  Office: 250.652.6003  |  shoxs.com 
SHOXS is a subsidiary of Coast Dynamics Group LTD 

 

5.4 TEST CASES 

Perform a drop test for each of three weights for each of the three accelerations for a 

total of nine tests.  

 

5.5 INFORMATION TO COLLECT FOR REPORTING 

For each test record the following in addition to the collected acceleration data: 

1) Weight representing occupant. 

2) Drop height. 

3) Settings of any adjustable seat parameters, such as preload. 

4) Seat identification including serial number. 

5) Accelerometer identification information. 

6) Data sampling rate and details of hardware filtering (where applicable). 

7) Any modifications made to the seat for testing purposes. 

8) Any other conditions that may affect results.  
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6.0 REPORTING OF RESULTS 

Accelerometer data shall be post processed with a 5th order low pass Butterworth 

filter with a -3db cut off frequency of 20 Hz.  

Calculate SE-AT values and tabulated as shown Table 4. 

 SE-AT is defined as the maximum filtered vertical seat acceleration divided by the 

maximum vertical filtered deck acceleration.  

Table 4  ͮTabulated SE-AT results  (SE-AT abbreviated as R) 

  MAXIMUM FILTERED VERTICAL SEAT ACCELERATION 

  3g 5g 10g 

OCCUPANT 

WEIGHT [LBF] 

150 R11 R12 R13 

250 R21 R22 R23 

350 R31 R32 R33 

 

Data listed in section 5.4 is to be included with results.  

Filtered seat and deck acceleration graphs are to be included with results. 

 

7.0 USE OF RESULTS 

An estimated value of vertical deck acceleration at the longitudinal center of gravity 

can be calculated using the Savitsky-Brown formula (Ref 8): 

ὲ πȢπρπτ
ὌȾ

ὦ
πȢπψτ

†

τ

υ

σ

ὄ

σπ

ὠ

Ѝὒ

ὒȾὦ

ὅɳ
 

Where, 

ὲ   average vertical acceleration at the longitudinal center of gravity 

ὌȾ  average height of one third of highest waves 

ὦ  beam  
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† equilibrium trim angle 

ὄ deadrise of bottom 

ὠ speed in knots 

ὒ general length of boat 

ὅɳ static beam bottom loading 

 

The average of the highest ὸὬ vertical accelerations at the center of gravity,ὲ  , is 

related to ὲ  by the equation: 

ὲ ὲ ρ ÌÎὔ  

The probability that a specified vertical acceleration, ὲ , will exceed ȟὲ   is: 

ὴὲ ὲ  Ὡ  

If the three maximum filtered accelerations in Table 4 are considered to be the average, 

the average of the top third and the average of the top tenth vertical accelerations at 

the center of gravity, the probability of their occurrences are as shown in Table 5. 

Table 5  ͮprobability values for wave heights 

VARIABLE DESCRIPTION PROBABILITY AS A 

PERCENTAGE 

ὴ Probability of encounter with average wave (1/1) 36.79% 

ὴ Probability of encounter with wave in top 3
rd

 of wave  heights (1/3) 12.26% 

ὴ Probability of encounter with wave in top 10
th 

of wave  heights (1/10) 3.68% 

 

If the weights in Table 4 are assumed to be the 5th, 50th and 95th percentiles then the 

probabilities of their occurrences are as shown in Table 6. 

Table 6  ͮOccupant mass percentile probabilities 

VARIABLE DESCRIPTION PROBABILITY AS A 

PERCENTAGE 

ύ  5
th

 percentile mass  10.31% 

ύ  50
th

 percentile mass 39.89% 

ύ  95
th

 percentile mass 10.31% 
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The nine values of R in Table 4 can be reduced to a single value, Ὑ , using the 

following equation where w and p are from the above tables.  

Ὑ
Ὑ Ὑ Ὑ
Ὑ Ὑ Ὑ
Ὑ Ὑ Ὑ

Ͻ

ὴ
ὴ
ὴ

Ͻ

ύ
ύ
ύ

 

 

8.0 SEAT PERFORMANCE CLASSIFICATION 

 

Table 7 - Classifications 

USER GROUP CLASSIFICATION ACCELERATION RANGE 

A Military 1,2,3,4,5 χὫ ὲ  

B Commerical/Search and Rescue 1,2,3,4,5 τὫ ὲ χὫ 

C Recreational 1,2,3,4,5 ςὫ ὲ τὫ 

 

 

9.0 TEMPLATES 

Two Excel worksheets as shown below for automating the above processes are to be 

available at a later date.  

The first worksheet is suitable for defining the parameters for testing such as the 

watercraft and operating conditions plus weight are specified. This may be used for 

procurement specifications, for example.  

The second is the testing summary in response to the define test parameters 

contained in the first sheet. It can be used for response to a procurement specification 

for example.  
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Instructions: Please fill in all blue highlighted cells. Resulting acceleration and weight values will be calculated automatically.

Mass of Boat 9090 kg

General length of boat 12.8 m

Chine beam of boat 3 m

Deadrise of bottom (10<x<30) 25 deg

Significant wave height 0.75 m

Velocity in knots 60 Knot

Human Factors Standard

p1 8.0901983 g

p2 16.97819 g

p3 26.718568 g

W1 140 lbf

W2 190 lbf

W3 270 lbf

US Nat. Health Stats. Reports

Instructions: Please fill in all blue highlighted cells. Resulting Rscore will be calculated automatically.

p1 p2 p3

w1 R11 R12 R13

w2 R21 R22 R23

w3 R31 R32 R33

Rscore = 62.00%

ACCELERATION (Most Likely    Least Likely) g
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 (
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v
y
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