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Composite Beam Design Using A Spreadsheet

and shear webs for wood or composite beams. In the general spar design process, the loads (bending moments, shear force, and axial force) will be calculated. 
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Composite Beam Design Using A Spreadsheet By ERNEST R. JONES E. R. Jones Engineering 14 Beacon Drive East Phoenixville, PA 19460 215/933-0188



LIKE many other readers of SPORT AVIATION, I read with interest the recent series of articles by John Roncz on the use of spreadsheets for aircraft design. Although I use a computer every day, and was familiar with the spreadsheet concept, I had never had an occasion to write one. Using John's articles as a perfect excuse to learn more about spreadsheets, I typed in the programs, and was very pleasantly surprised and somewhat amazed by the results. This was powerful stuff! I recently needed to perform a preliminary design of a composite wing spar in preparation for a more detailed finite element analysis of the wing of a homebuilt aircraft, and after doing one section by the normal hand calculation methods, decided that it would be quicker to write a computer program to do the large number of remaining sections. I wrote a small Basic program to do it, but then remembered John's plea in his last article for structural analysts to take up the call for spreadsheets for structures design and analysis tasks. The resulting spreadsheet is the subject of this article. The spreadsheet turned out to be relatively simple, and very easy to use. With it, a composite spar can be designed in just a few minutes. It can also be used for the design of a wooden box spar. Of course, there are a few simplifying assumptions inherent in the program, and it only calculates stresses, not safety margins. Even so, it is a convenient way to rapidly and accurately estimate the sizes of spar caps and shear webs for wood or composite beams. In the general spar design process, the loads (bending moments, shear force, and axial force) will be calculated for a large number of sections (wing stations) along the wing. Then, for given materials, the task is to determine how thick the spar caps and shear web



should be. The width of the spar caps is selected by the designer, and can also be varied as part of the design process.



The process for composite and wood spars is complicated by different material allowable stresses in tension and compression, which results in caps of
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different thickness for normal load categories and a weight efficient design. The caps are also generally tilted at a small angle in order to conform to the airfoil. This angle is just large enough that you don't want to ignore it, but requires a lot of extra computational effort to include. Taken together, these factors make the design a tedious, error prone, time consuming task using hand analysis methods - and make it a perfect candidate for the spreadsheet method. A typical composite spar cross section is schematically shown in Figure 1, and a typical wood box beam cross section is shown in Figure 2. Figure 2 also shows how the wood beam dimensions can be approximated to look like a composite spar. This approximation will result in only a small error for most spar geometries. Use of the program is straightforward. Enter a descriptive title in cell A1 as shown in the printout of the spreadsheet in Figure 3. Then enter the input variables in their respective cells as shown. The inputs required are the overall height of the beam in cell C2, the loads in cells C3, G2, and G3, the modulus values in cells B6-B8, the angles of the spar caps in cells C6 and C8, the width of the spar caps and shear web in cells D6-D8, and the height of the spar caps in cells E6 and E8. Notice that the shear web height is not input, but is calculated from the overall height and the thickness of the upper and lower caps. The shear web thickness (width) is the total thickness
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Example Beam Problem



section upper cap shear web lower cap sum section upper cap



shear web lower cap sum



alpha 4 0 2



E 8e6 4e6 8e6



Ay 16.0488 2.685375 .2312 18.96538



0 4700



Axial Load (Ib) = Shear Load (Ib) =



7.7 396000



Overall Height (in) Bending Moment (inlb)



width 4 .21 4



height .54 6.82 .34



equiv-w 4 .105 4



equiv-A 2.16 .7161 1.36 4.2361



IsubO d A*d*d stress .0662466 2.952916 18.83458 -28150.8 2.775627 .7270839 .3785670 3196.855 .0152940 4.307084 25.22932 38067.22 2.857168 44.44247



Height of Neutral Axis = (inches from bottom)



4.477084



Moment of Inertia (in~4) =



47.29964 FIGURE 3
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of the web material, ignoring any core or empty spaces. Be sure to use consistent units, such as inches and pounds throughout; the angles should be input in degrees. The equations which make the spreadsheet work are listed in Figure 4, and should be copied into the indicated cells. Different spreadsheets, such as Lotus 1-2-3, Excel, etc., may require slight modification to work properly. The contents of row 4 (A4-H4) may be ignored since their only purpose is to draw a horizontal line below the loads section. Of course any cell containing only text may be changed as desired to improve the appearance and clarity of the spreadsheet, but the cells containing equations should be copied exactly. The example problem shown in Figure 3 may be used as a check case to verify that your spreadsheet is functioning properly. The program will calculate the section properties and stresses, and output the results in their respective locations. The maximum stresses in the upper and lower spar caps are output in cells F12 and F14, and the maximum shear stress is output in cell F13. If the stresses are too high or too low, simply change one or more of the spar cap thicknesses or width or shear web thickness until the desired stress levels are achieved. The moment of inertia is printed out in cell D19, and the height of the neutral axis above the bottom of the beam is printed out in cell D17. After a few iterations, the stresses will converge quickly on the desired stress values. When finished, print out the resulting spreadsheet for a permanent record of the design, or give it a unique file name and save it to a backup disk. The program is based on simple beam theory, as given in any good strength of materials or aircraft structures textbook, e.g. Reference 1. For beams made of materials having different moduli, the spreadsheet first converts the actual beam into an equivalent beam of the upper spar cap material.



The stresses are calculated based on linear elastic theory, and are correct for the actual beam. The spreadsheet does not account for many details in struc-



tural design and analysis of beams, e.g., the attachment of the shear web to the spar (these angles are ignored in the spreadsheet). Also, the spar caps and shear webs are assumed to contain no holes for fasteners, etc., which will introduce significant stress concentrations, especially in composites. There are many failure modes in a wing spar in addition to the obvious ones of exceeding the material ultimate



Audit Contents Report - BLOCK Cells



"Example Beam Problem



Al A2 C2 E2 G2



"Overall Height (in) 7.7 "Axial Load (lb



0



A3 C3 E3 G3 A4 B4 C4 D4 E4 F4 G4 H4 A5 B5



TL = = = =



C5 D5 E5 F5 G5 H5 A6



= "height



= "equiv-w = "equiv-A , »y



B6 C6 D6 E6



F6 G6



H6 A7 B7 C7 D7 E7 F7 G7 H7 A8 B8 C8 D8 E8 F8 G8 H8 A9 G9 All Bll Cll



"Bending Moment (inlb) 396000 "Shear Load (lb) = 4700 -0,100,35,10,55,10 -0,100,35,10,55,10 -0,100,35,10,55,10 -0,100,35,10,55,10 -0,100,35,10,55,10 -0,100,35,10,55,10 -0,100,35,10,55,10 -0,100,35,10,55,10 "section »E "alpha "width



= = = = = = = = = = = = = =



"upper cap 8E6 4 4 .54 D6 E6*F6 E8+E7+E6/2 "shear web 4E6 0 .21 C2-E6-E8 D7*B7/B6



= = = = = =



"lower cap 8E6 2 4 .34 D8*B8/B6



= E7*F7 = E8+E7/2



= E8*F8 = E8/2



= "sum



= G6+G7+G8



R R



TL = "section = "Ay =



"ISUbO



FIGURE 4
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(AUDIT CONTENTS REPORT - BLOCK CELLS - Cont.)



Dll Ell Fll A12 B12 C12



D12 E12 F12 A13 B13 C13 D13 E13 F13



R R R



"d "A*d*d "stress "upper cap



= G6*H6 = (F6*E6/12)*(E6"2*COS (C6*PI/180)"2+F6~2*SIN(C6*PI/180)~2) = C2-D17-E6/2 = G6*D12*D12 = (-C3*((C2-D17)+D6/2*SIN (C6*PI/180))/D19+G2/G9)



A14 B14 C14 D14 E14 F14



G



= = = =



G



G



= "shear web = G7*H7



= (F7*E7~3)/12 = D17-E8-E7/2 = G7*D13*D13 = (G3/D19/F7)*(((C2-D17-E6/2) *G6)+((C2-D17-E6)"2*F7/2))*B7/B6



= "lower cap = G8*H8



= (F8*E8/12)*(E8"2*COS (C8*PI/180)~2+F8~2*SIN(C8*PI/180)~2) = D17-E8/2 = G8*D14*D14 = (C3*(D17+(D8/2)*SIN (C8*PI/180))/D19+G2/G9)*(B8/B6)



A15 B15 C15 E15 A17 D17 A18 D18 A19 D19



= "sum



G



= B12+B13+B14 = C12+C134-C14 = E12+E13+E14



G



= B15/G9



stress in tension, compression, or shear. For example, the wing spar shear web may fail by buckling, since the allowable buckling stress may be much less than the material shear allowable. Also, there are often significant vertical forces in the plane of the shear web due to kick loads or the attachment of landing gears, etc. These require special consideration beyond the scope of this simple program. This spreadsheet was generated using the SuperCalc Ver. 5 software, but can be adapted to any of the available spreadsheet programs with minor modifications. If you have trouble getting the program typed in correctly, or just want to save some typing, I will be happy to make a copy (xxx.cal format) for you on your disk enclosed in a stamped self addressed disk mailer (SSADM); or you can download it using your modem by giving me a call first on 215/933-1088 (evenings and weekends only). If you don't have a spreadsheet program, I can also provide an executable program which will do the same thing (again, SSADM please). The program has been checked in various ways, and is believed to be correct. However, it is provided free in the public domain, and all responsibility for its accuracy is assumed by the user. If there is sufficient interest, I may be able to come up with other spreadsheets which would be of use.



= "Height of Neutral Axis =



= "(inches from bottom) "Moment of Inertia (in~4) = C15+E15 FIGURE 4 (Continued)



References 1. Timoshenko, S. and Young, D. H., "Elements of Strength of Materials", Fourth Edition, Van Nostrand Company, Inc., Princeton, NJ 1962.



EAA Membership Honor Roll The pleasure you receive from your EAA membership can also be enjoyed by a friend. Upon receipt of your new or renewal membership card, you will find an application making it possible to join for a friend. Fill in your friend's name and address, enclose a check or money order and return to EAA Headquarters. Introduce your friends to the wonderful world of EAA . . . and be recognized for your efforts. PHILLIP J. BELLANCA



PHILIP HAMILTON



JOHN LUKE



Twenty Nine Palms, CA



Osceola, IN



D. NEIL RETTINGER



LOYD VEAL Bison, Sd



DALE BERKIHISER



JAMES R. HARMAN



SERGIO MACHADO



LUIZ RICHIERI



AL WARRINER Slidell, LA



GLENN BOTSFORD



GERARD HUBER



Maplewood, Wl



PHILIP MAYS Georgetown, KY



DENNIS RUND



ELON H. GARY



JERE KIRST



AL NARKEWICZ



Placerville, CA



Columbus, GA



DANIEL GATHERCOAL



PAUL KURTZ



BRIAN PERKIN



SIEGFRIED SPEIDEL



KENT GREEN



DAVID LAWRENCE



BERNARD A. RASCH



ALBERT VAN RIPER II Montville, NJ



Niagara Falls, NY



Huntington Beach, CA



Cudahy, Wl



Park Rapids, MN



Palatine, IL



Toronto, Canada 64 JULY 1991



Ellensburg, WA Des Plaines, IL



Wisconsin Rapids, Wl



Fairfield, OH



Warner Robins, GA



Porto Alegre, Brazil



Santa Clara, CA Benton City, WA



Sorocaba, Brazil



Findlay, OH



EARNEST SHELTON



Sparta, NJ



BUR ZERATSKY



Green Lake, Wl



























des documents recommandant







[image: alt]





Composite Beam Design Using A Spreadsheet - Size 

Lotus 1-2-3, Excel, etc., may require .... new or renewal membership card, you will find an application making it possible to join for a friend. Fill in your.










 


[image: alt]





Making a Composite Prop 

Sep 10, 2000 - propeller will not cure completely and may get soft when heated by ... 4) Use a heat insulation plate between hub flange and prop if the flange ...










 


[image: alt]





15materiaux composite a matrice organique 

proprietes PDF, include : 13th Boy 1 V, 2 Conditional Statements Answers, 2000 Audi A4 Gas Cap. Manual, 2001 Bmw X5 Engine, 2006 Mercury Mountaineer ...










 


[image: alt]





Building SOA-Based Composite Applications Using ... - EPDF.TIPS 

email [email protected]. If there is a topic that ... from the list of titles to download any example code or extra resources for this book. The files ... process model to address the integration needs for building a robust enterprise application.










 


[image: alt]





15materiaux composite a matrice organique 

guide is also related with 15materiaux composite a matrice organique constituants procedes proprietes PDF, include : 1940s Hairstyles 2nd Edition, 1979 Evinrude 4hp Outboard Repair Manual, and many other ebooks. Download: 15MATERIAUX COMPOSITE A MATR










 


[image: alt]





352R-02 Recommendations for Design of Beam-Column 

Jun 18, 2002 - Beam-Column Connections in. Monolithic Reinforced Concrete Structures. ACI 352R-02. Recommendations are given for member proportions, ...










 


[image: alt]





Robust Laser Beam Tracking Control using ... - Les pages de David 

A case study relevant to tracking a laser-beam for imaging purposes is presented. .... operating at a sample-and hold rate of 2kHz. A data acqui- sition (DAQ) (NI ...










 


[image: alt]





Design of multi-story timber building using a multi-objective 

ABSTRACT: This paper presents a design method for multi-story timber building with consideration of regulatory constraints. ... environment, lighting, and acoustics. In order to ... efficient in multi-objective optimization including continuous and .










 


[image: alt]





Adaptive Laser Beam Shaping with a Linearized 

... in free-space communications [2] and high-contrast imaging in astronomy [3]. ... is a matrix product that takes less than 0.02 seconds on a personal computer.










 


[image: alt]





BEAM OPTICS 

They must satisfy the paraxial Helmholtz equation derived in Sec. 2.2C. ...... matrix of a SELFOC graded-index slab with quadratic refractive index (see Sec.










 


[image: alt]





Multi-scenario time-domain control design using a nonsmooth approach 

In this work we expand on our previous nonsmooth time-domain design tech- ... a nominal situation or a specific test input but also for a family of plant modes or ...










 


[image: alt]





Composite Beams 

Equation (12.7) could in fact have been deduced directly from Eq. (9.9) since. I,+ (E,/E,)I, .... which, when rearranged, gives a quadratic equation in n, i.e. bn '.










 


[image: alt]





Composite Drawing 

Number. Revision. Size. A4. Date: 20/02/2005. Sheet of. File: E:\Electronique\..\Power supply piggy.SchDocDrawn By: 3. 1. 8. 7. 5. 4. 2. 6. Rel1. 3. 1. 8. 7. 5. 4. 2.










 


[image: alt]





Polyaniline Composite 

material due to its unique electrical, electrochemical, and ... tivity for specific ion transport.6,7 The permselectivity of this composite .... S-2300 scanning electron microscope. .... (12) Trivedi, D. C. In Handbook of Organic Conductive Molecules










 


[image: alt]





Building Basics: Molding a Composite Structure 

"Cab-O-Sil" is another term often heard around composite workshops. Builders use this filler material to thicken epoxies before curing, mak- ing it an excellent ...










 


[image: alt]





Composite Connections 

FIGURE 23.2: Definition of connection properties for PR connections. required ...... did not play an appreciable role in the preliminary design. .... angles (AWl) in Equations 23.1 and 23.2 is limited to the smallest of the gross shear area.










 


[image: alt]





Composite Construction 

were made since the very beginning of the century, as shown by the ... structural engineers with a reference text dealing with the key features of the analysis and .... On the loading side the design load effect, Ed, depends on the relevant ..... bea










 


[image: alt]





Photon sound beam 

-REMF peter for E-ghoten Sound bearm infinity vs Life pulse professional ? no mare ... dees ( plasma tu bes ladrant 7 dts tan ce) vs plasma rod hold n hand?










 


[image: alt]





Composite Construction 

lowing year they introduced another composite speedster, the sleek. Vega, made ... No matter what construction method a builder uses, air- planes are created by ... a happy ending. You don't spray (any ... posite parts. You will find no silicone.










 


[image: alt]





database design using entityrelationship diagrams dbid 12lt 












 


[image: alt]





Automated Photogrammetric Network Design using ... - Evelyne Lutton 

the position of the object feature,Co = (Xo, Yo, Zo)denotes the optical center .... Thus, the local fitness evaluation uses the idea of decomposing the problem.










 


[image: alt]





Using problem solving models to design efficient 

Speech-Act theory from Winograd and Flores [15] and its derivative [6]. These models allow a more efficient management of contractual processes in firms.










 


[image: alt]





Using problem solving models to design efficient 

Speech-Act theory from Winograd and Flores [15] and its derivative [6]. These models allow a more efficient management of contractual processes in firms.










 


[image: alt]





photon sound beam 

Lymphatic and Cardiovascular Systems. â€¢ Removal of ... System. â€œOur physiology is primarily electrical in nature, and secondarily physical.â€� .... in body, and for overcoming a common problem with any technology: body accommodation --.










 














×
Report Composite Beam Design Using A Spreadsheet





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



