Berkeley Laboratory - University of CaliforniaCodeSerial#STAR Doc#PageEngineering NoteSR0202 M7595SN02681AuthorDepartmentDateSTAR WBSRoanne LeeMechanical Engineering9/11/954.2.02ProgramSolenoidal Tracker at RHIC (STAR)SubprogramTime Projection Chamber - Inner Field CageTitleSTAR IFC Finite Element Analysis_____________________________________________________________________________IntroductionThe inner field cage (IFC) defines the electrical potential along the inner radius of the active TPCvolume. The approximate dimensions are one meter diameter by 4 meters long. The IFC will beconstructed as a bonded honeycomb sandwich. The faces of the sandwich will be double-sidedaluminum traces laminated to Kapton. The aluminum is 0.00035 inch thick bonded with 0.0003to 0.0005 inch thick adhesive to 0.003 inch thick Kapton. The honeycomb selected is a non-conductive aramid, nominal 3/16 inch cell size, overexpanded cell to allow forming small radiistructures, and

43lb ft. / .

A finite element analysis (FEA) of the IFC was completed using theRasna Mechanica and ANSYS 5.1 codes. IFC stresses and deflection were evaluated based on anexternal design pressure of 5 mbar plus the load due gravity.DiscussionThe IFC is a cylinder formed by a honeycomb sandwich. The cross section of the sandwichconsists of aluminum/Kapton/aluminum skins bonded to both faces of an aramid honeycomb core(see figure la). An FEA model of the aluminum layer, which are actually traces on 11.5 mmcenterlines, would be difficult due to the amount of detail required. Consequently, an equivalentFEA solid model of the aluminum/Kapton was developed. This would reduce modeling six layersfor the aluminum/Kapton to two layers and eliminate the need to model individual traces.First, the actual geometry was modeled, consisting of two full 8 mm traces and the corresponding10 mm traces was created (see figure lb). This model consisted of two layers of 0.00035 inchthick aluminum traces, 0.003 inch thick Kapton and two layers of 0.001 inch thick adhesive. It isassumed that the significant stresses in the IFC are membrane stresses, i.e. bending stresses canbe ignored away from the fixed boundary condition. Based on this assumption, one end wasfixed and an arbitrary load was applied in what would be the z-direction of the TPC. Thedeflection and stress results are shown in figures 2, 3, and 4.Second, a model consisting of a single layer of solid elements was constructed. The materialproperties of aluminum were applied. A parametric study of deflection versus thickness wasperformed to obtain an equivalent single layer aluminum thickness representative of the combinedaluminum/Kapton laminate. The same boundary condition and load were applied to the singlelayer model as in step 1. The results indicate that a thickness of 0.0005 inch aluminum producesthe same deflection as the aluminum/Kapton laminate (see figures 2 and 5). The results also

Berkeley Laboratory - University of CaliforniaCodeSerial#STAR Doc#PageEngineering NoteSR0202 M7595SN02682AuthorDepartmentDateSTAR WBSRoanne LeeMechanical Engineering9/11/954.2.02indicate that the maximum stress predicted for the single layer material is greater by factor of 1.5than the predicted maximum stress in the aluminum/Kapton model. These analyses wereperformed using Mechanica by Rasna Corporation.Using an equivalent single aluminum layer 0.0005 thick to model the aluminum/Kapton shouldproduce reasonably accurate deflection predictions. The predicted stresses will be conservative.The third step was to validate the FEA predictions by comparing the theoretical predicteddeflection of a thin aluminum cylinder to the predicted FEA deflection. A separate ANSYS 5.1FEA model was created for this purpose. A quarter cylinder was modeled due to two planes ofsymmetry. The half-length is 2.147 m and the approximate diameter of the IFC is 0.98 m. Themesh size is shown in figure 7a. The deflection of a thin-walled cylinder due to an externalpressure is calculated as follows:

dpaEhi+ � �( ) ( )2/ ,

wherep=pressurea=radiush=thicknessE=modulus of elasticityAssuming a cylinder wall thickness equal to two times 0.0005 inch, substituting the appropriatevalues, the theoretical deflection is:

dNmeNm= * ( ) ( ) ( )[ ]500 0 49 0 6896 11 0 000022 2 2. . .dem = - 0 870 4 .

The predicted FEA solution (see figure 7b) for a 5 mbar

5002N m( )

pressure load is

08684. - m

, which agrees very well with the theoretical solution. Therefore, the FEA solution isconsidered accurate.The last step was to construct a FEA model of the IFC cylinder using the following: inner andouter 0.0005 inch thick aluminum faces, Ciba Composites

HMX - 20316

OX43lbs ft.( )

inchthick industrial grade aramid honeycomb, two layers of 0.015 inch thick epoxy, and two layersfor the fiberglass doublers. The doublers only extend 30 cm from the ends of the cylinder (seefigure la). The same FEA mesh size used for the plain aluminum cylinder was used to predict thedeflections and stresses of the IFC. ANSYS 5.1 was used to evaluate deflection and stress of theIFC cylinder due to a gravity load and an external pressure of 5 mbar. ANSYS 5.1 was selecteddue to the availability of its layered shell element.______________________________________________________________________________

i

Timoshenko, Theory of Plates and Shells, 2nd edition, McGraw-Hill, New York, 1959, p475

Berkeley Laboratory - University of CaliforniaCodeSerial#STAR Doc#PageEngineering NoteSR0202 M7595SN02683AuthorDepartmentDateSTAR WBSRoanne LeeMechanical Engineering9/11/954.2.02ResultsThe Von Mises stresses in the outer aluminum layer are shown in figure 8. The yield 2 strengthof aluminum 1100-0 is 5000 psi

ii( )

or 3.45e7

Nm2

. The aluminum in the IFC aluminum/Kaptonis type 1145-0, which will have similar properties. The IFC factor of safety given a 5 mbarexternal pressure and loading due to gravity is 3.5 on yield. An offset of the traces in the z-direction will affect the direction of the electric field. The z-direction maximum offset due to theloading conditions is 30 mm (see figure 9).ConclusionConstructing the IFC of double-sided 0.00035 inch thick aluminum traces laminated to 0.003 inchthick Kapton, and bonded to 0.4 inch aramid honeycomb will satisfy the minimum factor ofsafety requirement of 3 for experimental equipment. The offset of the traces in the z-directiondue to the loading conditions will have a neglible affect on the direction of the electric field.______________________________________________________________________________

ii

Avallone, Eugcne and Baumeister III, Theodore, Marks’ Standard Handbook for Mechanical Engineers, NinthEdition, McGraw-Hill, New York, 1978, p6-78

Berkeley Laboratory - University of CaliforniaCodeSerial#STAR Doc#PageEngineering NoteSR0202 M7595SN02684AuthorDepartmentDateSTAR WBSRoanne LeeMechanical Engineering9/11/954.2.02

Berkeley Laboratory - University of CaliforniaCodeSerial#STAR Doc#PageEngineering NoteSR0202 M7595SN02685AuthorDepartmentDateSTAR WBSRoanne LeeMechanical Engineering9/11/954.2.02

Berkeley Laboratory - University of CaliforniaCodeSerial#STAR Doc#PageEngineering NoteSR0202 M7595SN02686AuthorDepartmentDateSTAR WBSRoanne LeeMechanical Engineering9/11/954.2.02

Berkeley Laboratory - University of CaliforniaCodeSerial#STAR Doc#PageEngineering NoteSR0202 M7595SN02687AuthorDepartmentDateSTAR WBSRoanne LeeMechanical Engineering9/11/954.2.02

Berkeley Laboratory - University of CaliforniaCodeSerial#STAR Doc#PageEngineering NoteSR0202 M7595SN02688AuthorDepartmentDateSTAR WBSRoanne LeeMechanical Engineering9/11/954.2.02

Berkeley Laboratory - University of CaliforniaCodeSerial#STAR Doc#PageEngineering NoteSR0202 M7595SN02689AuthorDepartmentDateSTAR WBSRoanne LeeMechanical Engineering9/11/954.2.02

Berkeley Laboratory - University of CaliforniaCodeSerial#STAR Doc#PageEngineering NoteSR0202 M7595SN026810AuthorDepartmentDateSTAR WBSRoanne LeeMechanical Engineering9/11/954.2.02

Berkeley Laboratory - University of CaliforniaCodeSerial#STAR Doc#PageEngineering NoteSR0202 M7595SN026811AuthorDepartmentDateSTAR WBSRoanne LeeMechanical Engineering9/11/954.2.02

Berkeley Laboratory - University of CaliforniaCodeSerial#STAR Doc#PageEngineering NoteSR0202 M7595SN026812AuthorDepartmentDateSTAR WBSRoanne LeeMechanical Engineering9/11/954.2.02

Berkeley Laboratory - University of CaliforniaCodeSerial#STAR Doc#PageEngineering NoteSR0202 M7595SN026813AuthorDepartmentDateSTAR WBSRoanne LeeMechanical Engineering9/11/954.2.02

Berkeley Laboratory - University of CaliforniaCodeSerial#STAR Doc#PageEngineering NoteSR0202 M7595SN026814AuthorDepartmentDateSTAR WBSRoanne LeeMechanical Engineering9/11/954.2.02