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1. Opening remarks

The Cominsafe meeting was convened at 8:30 AM on October 19th, 2011, at the YAS Hotel in Abu Dhabi.

Umberto Panzeri was excused because he was chairing the Comintech meeting which was being held simultaneously with Cominsafe.

Bob Wartinger welcomed the attendees and explained that the efforts of everyone to improve safety were critical. The ideal consequences of accidents would that the driver’s, at most. got wet rather than serious injury or death.

2. Approval of Cominsafe minutes
The minutes of the Cominsafe meeting in Valetta, Malta, 2010 were approved as written.

3. Additional items for agenda 

Trevor Dobbins request.
Tom Stanley analysis report regarding cockpits.

4. Safety Activities

Bob Wartinger described safety activities that Cominsafe has and will be involved in during 2011. The schedule is attached.
 The largest safety seminar to date was held by the RYA in Southampton, UK, during March. The three day event focused on Inspectors, Officials, and Drivers on each of its three days in March. John Puddifoot has led the RYA in the direction of classroom and on the water training for new drivers and continuing education for officials. The syllabus in use is forming the basis for the youth development education.
A seminar for inspectors along with hands on inspection of race boats occurred at the first WOC 225 race in Istanbul in May. A lot of progress with equipment had been made in the past year. Under the leadership of Ugur Isik and Emre Guler, a prototype balloon cockpit flotation system has been designed and tested for the 225 boats. A video of the test was shown. It is anticipated that this system may be in use for next season. Part of the significance of this achievement is that the system is approximately double in size and capacity when compared to the systems used in the F-1/2 series and may lead the way to systems for the very large Offshore boats.
The leadership of Per Benson and Frode Sundsdal organized efforts and personnel to develop the Offshore 3C guidelines that were released April 25th. Frode and Per organized meetings with boatbuilders, engineers, and interested parties at meetings occurring in Oslo and Stockholm. The group, list of participants attached, contributed hundreds of hours and Euro’s to the effort. The use of the guidelines is now essentially required by new rule provisions relating to cockpit registration passed at the GA. Now, cockpit registration for Offshore classes can be accomplished with additional rigor than in the past. Not only are the drawings with design details to be submitted, but the strength analysis that indicates the construction can react the crash loads and preserve the “survival space”. Testing of sample panels made of the proposed construction layup is also encouraged as in circuit. Bob Wartinger expressed his thanks for all the effort expended. 
Another point to be highlighted is that the reports in the guidelines, containing the basic engineering equations, can be used on the majority of cockpit structures to assess their capability to react loads. This analysis capability and requirement is recommended for the circuit cockpits so that cockpit registration includes analysis in addition to the bend test and drawing details.

There also were safety presentations and cockpit inspections accomplished at Kankakee. Illinois in September and there will be presentations in Tulalip, Washington in November.

The cockpit inspections are proving especially effective because they each feature unique installations of hardware and unique problems to be resolved. Many of the improvements are relatively easy to make, it is very informative to be able to show it on the actual equipment.
5. Medical Activities Report

John Reed provided a comprehensive report on anti-doping activities. There have been additional tests this year in UIM events when compared to the previous year. The out-of- competition pool definition and the policing of the pool continues to be difficult. The drivers in the out-of-competition pool are expected to enter their whereabouts for the future 3 months and for drivers that are also working this is very difficult. There is a high risk that they may not be available when a surprise drug test would be requested. Drivers that do not enter their data are also subject to having committed an infraction. For athletes that are “professional”, where their only activities are training and competition, this system is difficult, but manageable. For the average boat racer, the system does not work well. The UIM has tried two types of demographics for making up the pool, one using different drivers from different classes and disciplines and another year using drivers from a specific class and discipline. Each pool incurred some reporting violations. Next year, UIM will use a mixture of drivers selected from various categories and classes of racing.

John proposed an approach, that should it be approved by WADA, would go a long way toward making anti-doping compliance easier for the out-of-competition testing. The idea goes like this. We (UIM) review with WADA and agree on the drugs that may have significant impact on the boat racing driver’s performance. Our belief is that these drugs are such that they require a build up in the driver’s system. Therefore these drugs, which would have been taken during out-of- competition time, would also be present during competition and discovered by the tests at the race site. It will take some formulation of our position and then discussion with WADA to make progress. Between John and Dr. Luc Magnus is hoped that this difficult situation can be relaxed. UIM should be very appreciative of John’s efforts.

6.  Accident Investigation Reports and Trends

To date, there has been three fatalities worldwide and a number of serious injuries. The overriding fact with the three fatalities is that to a large degree, they could have been prevented. This is a very sobering conclusion. Often, there are so many variables entering into the accident that a degree of uncertainty in presents such that it is truly considered an accident. This year appears different.

Vahur Joala gave a report on a Latvian jet ski accident where an Estonian driver lost his life and another driver was seriously injured. The most significant aspect of the accident was the close proximity of the shore to the course. This trend of outer and inner course boundary violations continues a trend that has been evident for a few years. Course layouts may be difficult to drive, they may be placed too close to shore, and there may be improper placement of rescue and official boats all contributing to high risk. When there is race boat impact with the shore, the results may be catastrophic. It remains a significant responsibility for the race committee to ensure a safe racing environment with respect to course placement.
A new driver of a 5 liter hydroplane was killed when the boat blew over and impacted the water upside down and backwards. The driver was conscious enough to extricate himself from the cockpit in very cold water, but collapsed almost immediately and could not be revived. Although the driver had passed the NA’s minimal physical requirements, the absence of a seat, the very high g loads upon impact combined with the driver’s physical condition made for a high risk situation.
In a UIM sanctioned World Championship APBA race, an experienced driver of a flat bottom, automotive engine powered hull with a full reinforced cockpit died from drowning. The hull sank in 4.5 seconds due to inadequate flotation, the driver was struck in the head and his air system rendered unusable during the violent crash. The water depth was 7 meters, however the visibility was almost zero. There appeared to be inadequate clearance between the driver’s helmet and the capsule structure. APBA rules regarding adequate flotation are being drafted for use next season and additional rule provisions need to be defined APBA for Inboard category racing.   
Steve Preece and Denise Moughan from New Zealand presented the details of Steve’s crash in a 2 liter Mercury tunnel boat. The boat completely failed due to water loading and the capsule offered no survival space as it was badly damaged. It could not be imagined prior to the accident that the seemingly “rigid” capsule had almost no strength. Denise mentioned that the capsule boats are under review and there is consideration of adopting the UIM cockpit rules for their national rules. The attendees were very appreciative of the real life story and details.
Frode Sunsdal’s accident in an F-2 boat was discussed with pictures illustrating details of various structural failures. The windshields are breaking, the flange bonding for the glass windshields is reacting the loads, the cockpit framing for the windshield appears as part of the weak points. The cockpit lids in many classes are still flying away during the accidents exposing the driver.
Per Benson reported on the 3 C and 3 S offshore races at Bacoli, Italy. The accidents were water impacts and there is a lot of delamination evidenced in the pictures. There is also evidence of less than optimum wetting of the layups from looking at the pictures.
The pictures of Sami Selio’s accident/hull were examined. As in the previous accidents discussed, the damage occurred from speed impact with the water. The common thread between these and other accidents not discussed specifically at the meeting was the compromise of the survival space. It behooves us to be able to improve the capability of this survival space. The second issue is that with improved survival space the driver has to be surrounded by enough room that there are not adverse consequences from impacting the inside of the cockpit. These two areas need to have further work done.
To summarize the trends, there are inner/outer boundary issues, survival space compromise issues, and internal clearance issues. The devil is in the details and it behooves us to improve our education, our enforcement , and our technology.

Pictures and slides are available by contacting  bob@bobwartinger.com .

7. Plan for Safety Activities 2012
In addition to the weekly work answering questions, Cominoff managing their safety activities, Cominsport managing their safety activities and likewise for Aquabike, the safety cockpit committee will be busy working on improving the survival space.

Under consideration are safety workshops by the RYA in the UK and APBA in Australia. Additional technical work needs to be accomplished by engineering resources to expand and carry the analytical work of the 3C guidelines into other offshore classes and circuit. The technical work is sophisticated and will most likely require UIM funding.
One thing is becoming evident from the discussions…with the status quo of substantial work that has been and is being done, there are still deaths and serious injuries occurring year in and year out. If UIM desires to get “ahead” in a proactive manner (such as in NASCAR, IRL, NHRA, SCCA, etc) of the potential serious consequences, even more time, effort and resources are required. Motorboat racing continues to have less tan enviable statistics when compared to other forms of motor sport, and for the sake of growth of the sport, more progress needs to be made. The idea of a “foundation” for safety has been discussed, funded by contributions from sponsors that have an interest in safety. More discussion on the subject is planned. The status quo is not tolerable.
8. Safety/Communication Education Plan

The highest payoff so far has been in the safety seminar and boat inspection areas of education. The response from accomplishing these activities for three years has been complimentary and the image of the UIM has improved by the fact that UIM is providing help to the NA’s. The difficulty has been that there are so many places to go and so few individuals able to deliver the information.

The possibility of webinars is being seriously explored with bids expected soon. The idea is to take a worldwide 1 hour webinar with the ability to ask and answer questions, publicize it heavily and dispense information this way. Certainly a way to reach many more people cost effectively. WE are also looking for individuals in various countries with a strong interest in safety to be further educated in order to pass knowledge on in their respective countries. The possibility of a meeting among boat builders to discuss and resolve some of the survival space issues is being contemplated.

9. Advances in Safety Equipment 
Six point restraint harnesses continue to be used and replace five point . the six point is credited with an approximately 50% reduction in chest compression in a forward impact.
Attached are two items. Design 500 has a custom fit rib support and protector which has been a help to karting drivers in supporting and protecting this vulnerable area. This product has garnered many positive reviews among the boat racing community. Bell has announced a very rigid visor for Bell helmets. This is a response to Massa’s F-1 car accident. The visor has a very rigid carbon frame.
Attached to the minutes is information on Shinkolite-A, a windscreen material used in Australia.

Cominsafe and the UIM do not endorse any products, but do want to make the information available as new products enter the market.
10. Review and Discussion of relevant Proposals for the GA

There were 43 proposals across all racing categories that had some relation to safety. In the interest of efficiency, the remarks on the proposals were conveyed to the individual commission and also reviewed in the Joint Cominsport/Comintech/Cominsafe meeting. Cominsafe proposed 3 proposals, No’s. 41,42, and43. Most significant was the proposal to remove the fee for obtaining the crash box drawings and just having a fee for testing samples to determine that they were comparable in energy absorption to the originals. There have been builders asking in a couple of NA’s where to obtain the drawings and then being put off on the price to obtain them. We desire that the information is readily available.
11. Other Matters

Trevor Dobbins, UK, is authoring a book on Human Factors considerations and effects in the high speed maritime environment. Wartinger discussed Trevor’s request for help in “authoring’ various chapters and attached to these minutes is a note from Trevor with a preliminary outline. Trevor’s request was presented to the meeting attendees with the request that anyone who could help could in touch with Bob Wartinger or Trevor Dobbins directly.
Tom Stanley gave a verbal report about his recent cockpit analyses. The report is attached to these minutes to aid in dissemination. UIM is very appreciative of all of Tom’s analysis work and the conclusions that can be drawn regarding cockpit safety.
12. Adjournment

The meeting was adjourned at 12:42 PM.
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STResearch Ltd
COMMERCIAL IN CONFIDENCE
td@str.eu.com

POWERBOAT RACING: HUMAN PERFORMANCE AND SAFETY

Author: Dr Trevor Dobbins, STResearch Ltd

Email: td@str.eu.com

PREFACE

The proposed book is designed to support the powerboat racing sector to enhance safety and performance. The book is being developed in coordination with a project producing a new human factors text book for naval architects and marine engineers. Along with this the author will also be updating the High Speed Craft Human Factor Engineering Design Guide (free download is available from the following web page;  http://www.str.eu.com/human-factors-design-guide.php).

It is planned that the book is not a training or a rule book, although it will include issues relating to them.

It is requested that the UIM support the development of book and therefore the author recognizes the opportunity to coordinate with the appropriate UIM safety committee representatives.

The following contents list is currently proposed:

1.
Introduction
2.
Safety statistics & risk
3.
Incidents
· Types:

· Single boat: Roll-stuff-trip, blow over

· Multiple boat collision:

· Egress requirements

· Safety crew access

4.
Boat design
· Boat types

· Offshore

· Circuit

· Hydroplane

· Structural issues/requirements
STResearch Ltd
COMMERCIAL IN CONFIDENCE
td@str.eu.com

5.
The Environment
· Water safety – immersion and risk of drowning

· Boat motion - Shock and vibration

· Thermal – hot and cold

6.
Designing for the Human
· Cockpit ergonomics

· Physical

· Controls, reach envelopes and field of view

· Cognitive

· Displays

· Navigation – DYNAV methodology
· pre-planning, situational awareness, Navigation/Coxswain communication

· Communication systems
· Maintenance

7.
Clothing & Equipment
· Safety

· Lifejacket, buoyancy aid, lights, knives, etc.

· Helmets

· Suits

· Breathing equipment (BIBS)

· Other:

· Cooling systems

8.
Racing preparation
· Physical training

· Psychological preparation

REFERENCE DOCUMENTS

· High Speed Craft Human Factors Engineering Design Guide

· Wartinger, B. Safe Champions; A drivers guide to safe boat racing 2.0. 

FIA and other motorsport sources:

· FIA Institute

· Young driver safety programme - best practice framework (2009)

· Medicine in Motor Sport (2011)

· Bentley, R. Speed Secrets 4: Engineering the Driver. 
SAFETY COCKPIT COMMITTEE

REPORT OF T.R.STANLEY, P.ENG., CONSULTANT

Yas Hotel – Abu Dhabi / U.A.E., 

Monday, October 17, 2011 

T.R. Stanley Engineering

1645 east 29th Avenue, Vancouver, B.C., CANADA V5N 2Y7

Phone 604-873-2078 Fax 604-873-2018 e-mail tstanley@uniserve.com
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ENGINEERING FOR THE TRANSPORTATION INDUSTRY

Abstract

In this presentation it is planned to show how a systems approach can be taken to show the relative importance of the various components of the safety cockpit.  Up to now a number of people have studied the individual components to assess their strength requirements.  Here a number of components have been assembled and loaded in a simulation so that it can be seen how the components work together and where improvements can be made.  Three levels of complexity are presented:  a simple four bar test similar to what is currently done for the capsule layup, but now including the windshield and joint to the cockpit layup; a model of an F1 capsule which includes the windshield and joint adhesive; and finally a model of a 3C offshore canopy including the roll bar as well as the windshield and joint adhesive.  Stress levels and deflections have been determined using finite element analysis.
Introduction
In the past a number of people have done work on the individual components of the safety cockpit.  Mikael Lundblad has done work on the roll bars, and I did some work on windshields and layups.  Many others have also done work.  This year the area around the windshield became a concern.  The thickness of the windshield and its material; the width of the flange supporting the windshield and the adhesive holding it were questioned by several people.

This paper presents a systems approach so that it can be determined where the critical areas are. Three levels of complexity are presented:  a simple four bar test similar to what is currently done for the capsule layup, but now including the windshield and joint to the cockpit layup; a model of an F1 capsule which includes the windshield and joint adhesive; and finally a model of a 3C offshore canopy including the roll bar as well as the windshield and joint adhesive.  Many variations of material and loading conditions were tested; however only a few are presented here.  Some additional ones are included in the appendix.
Four bar tests

Ziggy Boettle has been doing the four bar (3000 Newton) test for a number of years and possesses a wealth of knowledge about the layups as a result.  It’s been advocated doing some similar testing of panels that included the windshield cockpit joint.  Therefore a simulation of the test was done.  Two of the configurations tested are shown below:
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These show two different ways the transition to the support flange can be made.  The adhesive is shown in white.  Two different flange widths were tried: 1” (25.4 mm) and 2” (50.8 mm).  Two different layups were tried, one was a layup proposed by Patrick Heslop for offshore 3C and the other was per a sample submitted by a builder that passed the 3000 Newton test (UIM B sample).  Two different windshield materials were tried, polycarbonate and tempered glass; and three different thicknesses, 5/16” (8 mm), 3/8” (9.5 mm) and ½” (12.7 mm).  Results were obtained for the stress in the windshield and adhesive, and the failure index of the layup.  A matrix of the results is shown below:

[image: image11.emf]90 lb Load limit 3000 psi limit 10,000 psi polycarbonate

limit 4203 psi tempered glass

Analysis No. Layup Flange width

Windshield 

material

Windshield 

Thickness DeflectionAdhesive Stress Windshield stress

Layup Failure 

Index

P0164 Heslop for 3C 2" supported polycarbonate9.5 mm (.375")1.147" 1445 psi 3354 psi 0.232

P0165 Heslop for 3C 1" supported polycarbonate9.5 mm (.375")1.221" 1563 psi 3388 psi 0.265

P0167 Heslop for 3C 2" polycarbonate9.5 mm (.375")1.208" 1439 psi 3367 psi 0.403

P0168 UIM Sample B 1" polycarbonate8 mm 2.269" 2554 psi 4973 psi 5.247

P0169 2.5 l inboard hydro1.5" polycarbonate4 mm 15.11" 4966 psi 20121 psi 3.485

P0176 UIM Sample B 1" tempered glass8 mm 0.534" 2416 psi 2289 psi 5.117

limit 3000 psi limit 10,000 psi polycarbonate

Modified Analysis 

No. Layup Flange width

Windshield 

material

Windshield 

Thickness DeflectionAdhesive Stress Windshield stress

Layup Failure 

Index

P0170 Heslop for 3C 2" supported polycarbonate.5" 0.512" 964 psi 1809 psi 0.206

P0171 Heslop for 3C 1" supported polycarbonate.5" 0.55" 1155 psi 1824 psi 0.251

P0172 Heslop for 3C 2" polycarbonate.5" 0.556" 1405 psi 1816 psi 0.396

P0173 UIM Sample B 1" polycarbonate.5" 0.859" 2486 psi 1838 psi 5.132

P0174 2.5 l inboard hydro1.5" polycarbonate.5" 1.153" 3341 psi 1830 psi 3.378

Deflection far too great for accurate results,

Windshield is too thin


In general the panels would not withstand the 3000 Newton test, they are much weaker.  It can be seen that increases in the thickness of the windshield of course decrease the stress.  The tempered glass is much stiffer than the polycarbonate but is not necessarily stronger because the limit stress is less.  The weak spot in the layup is in the transition area and the detail of how that is done turns out to be important.  The wider flange does reduce the stress in the windshield marginally, as well as the stress in the adhesive.  It is interesting to note that supporting the flange has about the same effect on the windshield stress as making the flange wider.  Also making the windshield thicker reduces the stress in the adhesive more than making the flange wider if the flange transition is supported.  It is also interesting to note that the inboard hydro is the worst combination.

The stress distribution for the four bar test on the windshield looks like this:
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F1 Model

The next step in complexity was to model an F1 capsule, not including the crash box.  The model used a layup that Ziggy tested some time ago, the same one mentioned in the four bar test that I call the UIM B sample.  The model had a 1 inch (25.4 mm) flange for the windshield to attach to.  The windshield was attached using the same adhesive as above as well.  Two simulations were done, one with a 3/8” (9.5 mm) polycarbonate windshield and one with a 3/8” tempered glass windshield.  This way only the windshield would make any difference.  The windshield and frame were modeled as an integral part of the capsule with a hatch above for driver extraction.  The model doesn’t reflect a particular boat.  However, it gives an indication of the differences that the windshield material makes.  Several loading conditions were applied.  The most important ones were a loading of 10 psi (69 kilopascals) on the starboard quarter above the deck, and the other was a 1000 lb (4448 newtons) load on the side just above the deck similar to a side impact.  The model looks like this:
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With the polycarbonate windshield loaded on the starboard quarter with 10 psi (69 kilopascals), the stress in the windshield was 4387 psi (30 megapascals) and occurs on the upper port side of the windshield right at the edge of the flange.  The limit stress is 10000 psi (69 megapascals). 
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When the flange supporting the windshield is examined it becomes evident that it is the weak point in this system as it was designed.  In this scenario it would likely have failed, the failure index was 15.7.

In this design, the flange was made up of the same layup as the capsule, just the core was left out.  The core wasn’t tapered down either.  It would be easy to remedy this design weakness, it could be done simply by tapering the core and adding some additional plies in the flange and transition area.
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When the adhesive is examined the simulation shows that the adhesive fails in a couple of places.  It indicates that the adhesive is sensitive to having smooth edges.  In practice the adhesive may survive because the model does not take into account of the hyperelastic nature of the material, in other words the extreme stretchiness of the material.  It isn’t likely to be as good as it was originally though.
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In the case of the 1000 lb side impact load, the windshield definitely fails.
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The next variation examined was to substitute tempered glass for the polycarbonate used for the windshield.  Everything else remains the same including the windshield thickness.  In particular, the load is exactly the same.  In this case the stress in the windshield reached 32001 psi, although the windshield would break long before that stress was reached since the limit stress for the material is 4203 psi (29 MPa).
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Note that the maximum stress position, while still near the flange, moves around the windshield because the material is stiffer.

The cockpit has the maximum failure index on the windshield flange just as with the polycarbonate windshield.  The maximum failure index is 10.89 which is less than that with the polycarbonate windshield.  The flange might not fail in practice because the windshield breaks before the flange does.
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The maximum stress in the adhesive is less as well at 9234 psi (64 MPa).  The stress distribution is similar to the one with the polycarbonate windshield so no image is shown.

Canopy for offshore
Another simulation was done with an additional level of complexity.  This one was of a canopy for an offshore boat with side by side seating.  It was based on the model done with Sonny Hawkins with a couple of changes.  This year it was modified to have a tapered back because of feedback Sonny received regarding collisions from the rear.  The lower part of the Hawkins/Stanley capsule was not included.  For this model, the large full coverage windshield was replaced with windshields currently in use.  Having done this it would be interesting to follow up with full coverage configuration to see whether it will outperform having the individual windshield panels.  This model included a roll bar in addition to the bulkheads.  The model looks like this:
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The hatch was not included because it doesn’t contribute much to the overall stiffness of the canopy.  Since the lower part of the concept offshore was not included it was assumed that the builder would have placed bulkheads below the deck to the floor that were well attached, and that the deck was very strong.  The bottom edge of the canopy was restrained from moving in any direction based on this assumption, which is not always true.  Similarly, the roll bar was also restrained from moving based on the assumption that it would be molded into the bottom of the boat, and this area of the boat would be very strong.  The roll bar was modeled in such a way that it simulated the way it is done on APBA inboard hydros built by Ron Jones and others.  The software has a feature that greatly simplified creating this part of the model yet maintained the accuracy of the simulation.  The software comes from NEi Nastran.  The roll bar was modeled as a 1.3/4” (44.5 mm) diameter 4130 steel tube with a 0.060” (1.5 mm) wall for the lower section; and 2” (50.8 mm) diameter for the upper roll bar.  The cockpit layup was the one proposed for offshore 3C by Patrick Heslop and the windshield flange was just the same lay up without the core.  The flange width was 1” (25.4 mm).

Three different types of windshield were tested; 3/8” (9.5 mm) and ½” (13 mm) polycarbonate, and 3/8” (9.5 mm) tempered glass.  The adhesive was MA556, similar to sikaflex.

Several different loading conditions were tested;  10 psi (69 kilopascals) over the front starboard quarter, 10 psi over the starboard side ahead of the rear bulkhead, and 115.5 psi (796 kilopascals) over the same area on the starboard side.  In addition a 10 psi load was tried over the front part of the canopy.  The large load came from an example presented by Mikael Lundblad assuming the water hitting the canopy at 40 m/second.  To make an upper bound for the load, this water was assumed to be hitting at ninety degrees.

The stress levels in the next image cover both the roll bar and the windshield.  It is interesting to note that the area between the front/roof and the side of the canopy has a relatively small radius (not sharp though) and this influences the deformation of the windshield a lot.  Even though there is equal pressure over the whole windshield panel, a definite pocket in the windshield occurs.  This is independent of the roll bars.
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Because of the different allowable stresses in the windshield, the two are shown separated below:
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The high stress area in the roll bar occurs at each end of the diagonal compression strut that goes between the drivers.  At the 10 psi (69 kilopascals) load over a small area the stress is 24869 psi (171 MPa) which is OK.
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At this loading the stress in the windshield is OK too.  This is shown above with the 3/8” windshield.

However, when the load pressure increases to the 115.5 psi level over the larger area the stress levels in the windshield go up to over 18000 psi (124 MPa) and it would break as shown below:
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At this high load level, the roll bar stress also increases of course, up to over 200000 psi (1379 MPa) so it will fail too at the strut joints.  The ends of this strut are critical to the performance of the roll bar.  The welds must be good and the integration into the hull must help to spread the load over as much area as is feasible.
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Hard to see in the image is the high stress in the corners of the roll bar hoops, particularly where the hoops are fastened to the floor.  Triangular braces would help here.

The stress on the adhesive at this high load is 8013 psi (55 MPa) which is beyond the strength of the adhesive but the windshield will fail first.  The adhesive performed better here than in the F1 capsule.

[image: image26.png]0.

£

2508,





In this offshore model with the strong layup the failure index drops to 3.987 with the high load.  The weak points are still in the flanges around the windshield.
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When 1/2” polycarbonate is substituted for the 3/8” material used in the first test the stress level improves enough so that it is just on the edge of breaking, about 8000 to 9000 psi with the load still at 115.5 psi on the starboard side.
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On the other hand, when tempered glass is used the stress level rises all over the windshield as shown.
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Compare the amount of red (bad) in this image with the one for the 3/8” polycarbonate and you can see how much higher the stress is.  The stress level colour contours in the two images are the same.  The tempered glass will definitely break.

Returning to the performance of the roll bar, some useful information can be learned from the case where the load was a 10 psi load on the front of the canopy.  Below is an image of the roll bar in this case where the canopy is shown semi-transparent and the deflection is exagerated so that the deflection can be better understood:
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Two important features can be seen.  First is that the compression strut betwee the driver and navigator has started to buckle to the side.  When the strut actually buckles, it loses any resistance to the compression load applied to it.  The second feature to notice is that the steel rim that surrounds the top hatch has deflected downward.  One reason that the hatch was left out of the model is that it wasn’t felt the hatch could help much with the  system’s resistance to the load applied.  Current hatches are only fastened at three or four points.  Tiger Performance has a design that increases the number of points of attachment however.  Between these points of attachment the canopy can deform more than the hatch and let water intrude.  That is why it is important not only to have a strong hatch as has been recently implemented, but to have the area surrounding the hatch strong as well so that they work together to prevent water ingress. 

A similar issue arises with the F1 capsule or an offshore canopy with tandem seating.  The image below shows the F1 capsule with a similar frontal load:
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Note how the top rim of the capsule is taking on a buckled shape.
Conclusion

As usual, these simulations show that the details of any design matter.

The choice between tempered glass and polycarbonate is difficult.  The polycarbonate material is stronger but more flexible.  It will tend to pocket when it hits the water and will therefore accumulate the water and the pressure will be greater.  The tempered glass resists this pocketing because it is stiffer, but for the same reason the stress in the windshield will be higher for the same load.  For this reason the tempered glass might work better for lighter boats going at lower speed.  The lower strength of the tempered glass must be considered as well.  For heavier boats and boats moving faster the polycarbonate windshield material is probably better as long as the thickness matches the higher loads.  Using the polycarbonate would be considered the more conservative approach.  The four bar tests and an offshore test show that a thicker windshield would lower the stress, but the optical quality of the polycarbonate becomes a factor then.

When considering the layup of the safety cockpit, these simulations show that additional plies should be used in the flange area and the core should be tapered back in the transition area too.  While the hatch wasn’t included in the model it could be expected that the flange around the hatch should be similarly reinforced.

Similarly, the hatch surrounds, whether with or without a roll cage need to be stronger than the layup of the capsule and the hatch in order to properly support the windshield and the hatch.

When a roll cage is used, whether on an offshore boat, an inboard hydro or flat bottom, consideration must be given to the load paths that are put into the boat.  The welding of the tubes must be of high quality and the design triangulated or reinforced.   The boat itself must be reinforced to take care of these loads.

Finally, the most important conclusion that can be drawn from this study is that it is critical that the individual components be considered as part of a system.  For example, if one looked at the performance of the tempered glass after looking at the results from the four bar test, it could easily be concluded that the tempered glass might outperform the polycarbonate for the windshield.  However, when looking at the performance of the two materials using a systems approach, the issue becomes much more clouded.  Without some sort of testing of proposed materials (whether physical, preferred, or analytical if that is possible) and then seeing how it works as a system, it is not possible to have any confidence in how it will perform in the real world.

There are many more components to the driver’s safety system than just the ones in the structure of the capsule that have been presented here.  Even in the structure itself, there are loads that were not taken into consideration on these models, the loads from the seat belts for example.

There was a fatality at Olympia Washington USA where the owner/driver had seemed to have all the mandated safety equipment and installed it with good workmanship.  The capsule and windshield survived intact, however, the boat sank.  The driver had an air system and also had the ability to have escaped.  For some reason, probably from a number of small failures, this didn’t happen and the driver drowned.  That is why all the details matter, and that everything has to work as a system in order to protect the driver.  This isn’t really a cost issue but a matter of looking after the details and making sure they work together.
