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KOPIO Detector Project

Project Management Office

Mechanical Design Standards and Guidelines

1.0 Introduction:

The purpose of this document is to outline the mechanical design standards or guidelines that will be applied in the design of the KOPIO Detector at BNL. The following is a brief summary of the kind of guidance most mechanical engineers/designers require in the design process. For reasons ranging from BNL safety requirements to common sense practices, the following information should be understood and implemented in the design process.

2.0 Institutional Standards:

When specific institutional design standards or guidelines exist, they should be followed. The guidelines outlined in the document are not meant to replace but instead to supplement institutional guidelines. The majority of equipment and components built for KOPIO will be assembled or tested at home institutions and eventually installed and operated at the Collider-Accelerator Department (C-A), Brookhaven National Laboratory (BNL), at some point in its life cycle. Both BNL and C-A have some guidelines in this area, as would your home institution. Where more than one set of guidelines exist, use whichever are the more stringent, your home institution or BNL/C-A. The quickest way to get the appropriate BNL/C-A Design standard or guidance information is by using the Collider Accelerator Hazard Identification Tool found at the following link: http://www.rhichome.bnl.gov/AGS/Accel/SND/C-AHazardTool/screen.html
Answering the relevant questions and clicking on the “Evaluate Hazards” button will give you a hazard rating and list applicable standards and Standards Based Management System (SBMS) subject areas. If links are not available then you can directly access SBMS subject areas at: https://sbms.bnl.gov/. Additionally, C-A has departmental guidance that is pertinent to experiments. Seismic Hazard Evaluation at link: http://www.rhichome.bnl.gov/AGS/Accel/SND/job/Review%20of%20Seismic%20Hazard%20Evaluation.pdf. Supplemental Electrical Safety Standards at link: http://www.rhichome.bnl.gov/AGS/Accel/SND/OPM/Ch09/ElecSafStd.pdf. There is also a C-A general Procedure for Reviewing Environmental, Health and Safety Aspects of an Experiment at link: http://www.rhichome.bnl.gov/AGS/Accel/SND/OPM/Ch09/09-02-01.PDF.

3.0 Design Loads:
The scope of your structural analysis should take handling, transportation, assembly and operational loads into account as well as thermal expansion considerations caused by potential temperature fluctuations. For basic stability and a sensible practice in the design of experimental components an appropriate amount of horizontal load (0.10g) should be applied. One of these other loads may well be the limiting or design load.

In addition, BNL/C-A has specific seismic requirements for experimental equipment in “Performance Category 1” (PC-1) as outlined in; Seismic Hazard Evaluation at link: http://www.rhichome.bnl.gov/AGS/Accel/SND/job/Review%20of%20Seismic%20Hazard%20Evaluation.pdf. To summarize these requirements; DOE Standard 1020-2000 requires that we follow International Building Code (IBC 2000) for which BNL uses an equivalent New York State Building Code (NYSBC 2000). The total design lateral seismic base shear force applied to a component is 0.20g horizontal. The direction of application of seismic forces would be applied at the cg of the component to produce the most critical load effect, or separately and independently in each of the two orthogonal directions. A Qualitative seismic performance goal of PC-1 defines component functionality as; the component will remain anchored, but no assurance it will remain functional or easily repairable. Therefore a seismic design factory of safety F.S.>1 based on the Ultimate Strength of component materials would satisfy these goals.

4.0 Materials Data:

All materials selected for component design must have their engineering data sources referenced along with those material properties used in any structural or engineering analysis. There are many sources of data on materials and their properties that aid in the selection of an appropriate component material. There are many national and international societies and associations that compile and publish materials test data and standards. Problems frequently encountered in the purchasing, researching and selection of materials are the cross-referencing of designations and specification and matching equivalent materials from differing countries. It is recommended that American association or society standards be used in the materials selection and specification process, or equivalency to these standards must be referenced. The American Society of Metals provides excellent engineering materials data and is worth investigating.

5.0 Analysis Methods:
The applicable factors of safety depend on the type of load(s) and how well they can be estimated, how boundary conditions have been approximated, as well as how accurate your method of analysis allows you to be.

Bounding Analyses:

Bounding analysis or rough scoping analyses have proven to be valuable tools. Even when computer modeling is in your plans, a bounding analysis is a nice check to help avoid those gross mistakes. Sometimes bounding analyses are sufficient. An example of this would be for the case of an assembly fixture where stiffness is the critical requirement. In this case where deflection is the over-riding concern and the component is over-designed in terms of stress by a factor of 10 or more, then a crude estimation of stress will suffice.

Closed-Form Analytical Solutions:

Many times when boundary conditions and applied loads are simple to approximate, a closed-form or handbook solution can be found or developed. For the majority of tooling and fixturing and some non-critical experimental components, these types of analyses are sufficient. Often, one of these formulas can be used to give you a conservative solution very quickly, or a pair of formulas can be found which represent upper and lower bounds of the true deflections and stresses. Formulas for Stress and Strain by Roark and Young is a good reference handbook for these solutions.

Finite Element Analysis:

When the boundary conditions and loads get complex, or the correctness of the solution is critical, computer modeling is often required. If this is the case, there are several rules to follow, especially if you are not intimately familiar with the particular code or application.

1. Always bound the problem with an analytical solution or some other approximate means.

2. If the component is critical, check the accuracy of the code and application by modeling a similar problem for which you have an analytical or handbook solution.

3. Find a qualified person to review your results.

4. Document your assumptions and results.

6.0 Failure Criteria:
The failure criterion chosen depends upon the application. Many factors such as the rate or frequency of load application, the material toughness (degree of ductility), the human or monetary risk of component failure as well as many other complications must be considered.

Brittle materials (under static loads, less than 5% yield prior to failure), includes ceramics, glass, some plastics and composites at room temperature, some cast metals, and many materials at cryogenic temperatures. The failure criterion chosen depends on many factors so use your engineering judgment. In general, the Coulomb-Mohr or Modified Mohr Theory should be employed.

Ductile materials (under static loads, greater than 5% yield prior to failure), includes most metals and plastics, especially at or above room temperature. The failure criterion chosen again ultimately rests with the cognizant engineer because of all the adverse factors that may be present. In general, the Distortion- Energy Theory, or von Mises-Hencky Theory (von Mises stresses), is most effective in predicting the onset of yield in materials. Slightly easier to use and a more conservative approach is the Maximum-Shear-Stress Theory.

7.0 Factor of Safety:
Some institutions may have published guidelines which specifically discuss factors of safety for various applications. For the case where specific guidelines do not exist, the following may be used.

Simplistically, if F is the applied load (or S the applied stress), and Ff is the load at which failure occurs (or Ss the stress at which failure occurs), we can then define the factor of safety (F.S.) as:



F.S. = Ff / F

or
Ss / S
The word failure, as it applies to engineering elements or systems, can be defined in a number of ways and depends on many factors. Discussion of failure criteria is presented in the previous section, but for the most common cases in KOPIO will be the load at which yielding begins.

8.0 Specific Guidelines for KOPIO:
Lifting and handling fixtures, shipping equipment, test stands, and fabrication tooling where weight, size and material thickness do not affect the physical capabilities of the detector, the appropriate F.S. should be at least 3. When life safety is a potential concern, then a F.S. of 5 may be more appropriate. Note that since the vast majority of this type of equipment is designed using ductile materials, these F.S.’s apply to the material yield point. Experimental hardware that does not present a life safety or significant cost/schedule risk if failure occurs, especially where there is the potential for an increase in physics capabilities, the F.S. may be as low as 1.5. Many factors must be taken into account if a safety factor this low is to be employed: a complete analysis of worst case loads must be done; highly realistic or else conservative boundary conditions must be applied; the method of analysis must yield accurate results; reliable materials data must be used or representative samples must be tested. If F.S.’s this low are utilized, the analysis and assumptions must be highly scrutinized. Guidelines for F.S. for various types of equipment are:

Type of Equipment

Minimum F.S.


Notes

Lifting and handling


3 – 5


Where there is a risk to life









Safety or to costly hardware,









Choose F.S closer to 5.

Test stands, shipping


3

and assembly fixtures.

Experimental hardware

1.5 – 3


1.5 is allowable for physics









Capability and analysis









Method is highly refined

9.0 Documentation:

It is not only good engineering practice to document your analysis, but it is a BNL ESH&Q requirement for experimental projects. For this reason all major components of the KOPIO Detector will have their engineering analyses documented as KOPIO Notes. Utilize your institutional documentation formats or use the following guidelines. The following minimal list of topics should be covered in all forms of engineering analysis documentation:

1. Introduction, background and purpose.

2. Applicable requirements, standards and guidelines.

3. Assumptions (boundary conditions, loads, materials properties, etc.).

4. Analysis method (bounding, closed form or FEA).

5. Results (including factors of safety, load path and location of critical areas).

6. Conclusions (level of conservatism, limitations, cautions or concerns).

7. References (KOPIO Notes, textbooks, handbooks, software code, etc.).

