TECHNICAL APPLICATION NOTE:  INERTIA RELIEF ANALYSIS USING AN AUTOMATED SUPPORT  SYSTEM. TAN 4001

M. A. Gockel, April 1, 1999

Last revised April 14, 1999

Reference: INERTIA RELIEF ANALYSIS USING AN AUTOMATED SUPPORT  SYSTEM, RELEASE NOTE MATERIAL, FINAL DRAFT, TAN 4002, M. A. Gockel, April 13, 1999

1. INTRODUCTION

The present form of static analysis with inertia relief in SOL 101 requires the user to define some DOFs that represent an inertial reference frame.  All displacements are measured relative to this reference frame.  The user interface for this specification is the SUPORT entry.  It lists the DOFs in the r-set, the reference set.  Some skill is required to use this entry correctly. When the r-set is chosen such that structure is not constrained in a statically determinate manner, or if the stiffness attached to these points is inadequate, the rigid body mode shapes may be poor, leading to low accuracy in inertial load calculations.  A poor static analysis solution may also result from the poor constraints, independent of the loading problems.  Both effects result in poor accuracy.  Poor results can occur with little warning when the SUPORT entry is misused.  

Two methods described here eliminate the need for a SUPORT entry.  The expected audience for the first capability is modelers interested in obtaining checkout results early in model development.  It is based on the assumption that the user intended to have 6 and only 6 rigid body modes, and it enforces this assumption when solving the model.  It is named the assumed single rigid body structure option.  It will be delivered with the next ULTIMA system, and will be delivered with Version 70.7 unless unexpected errors arise in testing.   It is demonstrated in a breadboard DMAP alter that is now available in the sssalter system for Version 70.6.  Its readme file is given in an appendix.  Its user documentation is given in the reference.  These two memos are to be regarded as MSC Confidential until ULTIMA or V70.7 is delivered.  They are published now to get review from the Technical community, and to aid those integrating the DMAP and performing verification testing.

The second method is named the general multi-body option.  It allows any number of rigid body modes, including less than and more than six.  Its intended audience is the expert user community, especially that for static aeroelasticity (SOL 144).  This work is underway for the Flight Loads II program, to provide a more reliable inertia relief solution.  

Per the request of Kamran Izadpanah (KIZ), ULTIMA Project Manager, the user interface requires  setting param, inrel, -2.  This is used in the interests of last-minute integration into the ULTIMA system.  Less historic, more user-friendly user interfaces are under consideration for future deliveries.

 2. A THEORY FOR A DISTRIBUTED SUPPORTING SYSTEM USING RIGID BODY MODES, ASSUMED SINGLE RIGID BODY

The conventional inertia relief solution solves the equation


Kaa*ua = Pa
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ua = [  ]


      ur 


ur = 0

A useful quantity is Dar, vectors representing all modes of rigid body motion, 


KLL*DLr = -KLr*Irr


       DLr


Dar = [   ]


       Irr 

These vectors are used to generate a rigid body mass matrix Mrr = Dar'*Maa*Dar.  The loads on the structure are summed at the r-set DOFs to find the resultants of all loads, Pr. The accelerations of the r-set DOFs are then found by the linear equation solution


Mrr*ar = Pr

Inertial loads at all points with mass are then computed from ar and Dar, and balanced against the applied loads to provide the distributed loads PL, from which the displacements uL are computed..  Details are given in the MSC/NASTRAN Reference Manual.  

The basic assumption of inertia relief is that the structure is a free body except for the constraints in the SUPORT DOFs.  Any SPCs or ground springs added to stabilize a conventional static analysis will cause unexpected results in inertia relief analysis.  A paradoxical aspect of inertia relief analysis is that a gravity load causes no deflection at all (after many calculations are made), because inertia relief acts in exact opposition to gravity loads.  While gravity loads are excellent loads for validating a new model in conventional static analysis, they are of little value in inertia relief analysis.  Pressure, centrifugal, or point loads in addition to gravity loads provide better insight into the validity of the model.

At present the r-set is constrained by elimination, and the equations are solved in the L-set.  It is being proposed by the enforced motion project that a more efficient solution is to solve the equations in the appended a-set.  Define Rar, a constraint matrix, 


Rar' = [Irr 0rc]
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Yr are enforced displacements, and qr the unknown constraint forces.   Using new combined terms


K11*u1 = P1

Dar is the a-set partition of the solution obtained from P1r, 


       0ar


P1r = [   ]


       Irr

By virtue of the Irr matrix contained in Rar, ur and Yr are equal, and qr is measured in the same basis as in the elimination method.  In practice, Yr is taken as null at present except when computing Dar.  There is no user interface at present for specifying Yr. 

Both of these methods of r-set constraint are mathematically equivalent.  They differ only in the order of operations.  They both suffer similar numerical problems when the r-set is not chosen with skill.  Other choices can be made for Rar that eliminate the potential for low accuracy solutions by distributing the supporting system over many DOFs.   In the interests of expediency the rigid body modes are defined from geometry by the VECPLOT module, a shortcut taken some years ago for the old inertia relief.  

Following a suggestion of C. T. Wilson, a good choice is Maa*D6a, the transpose of the rigid body modes of the structure multiplied by the mass matrix.  Internal constraint forces for balance are placed on all DOFs with mass, not merely a few in an r-set.  This places larger constraint forces on the DOFs with large mass terms, in most cases also the stiffer points.  This minimizes the chance that large loads may be placed on very soft points.  It also changes the meaning of qr and Yr, as symbolized by underscores,

Yr = D6a* Maa*ua = 0

Note that no single grid point is required to have zero motion, the technique used for SUPORT-based analysis.  On average, the displacement vectors have zero motion.  In fact, the c.g. itself, a theoretical point in space, not necessarily a grid point that happens to be at that location in space, has zero motion.  This makes the displacements less sensitive to change for small changes in modeling than when SUPORT DOFs are moved by minor modeling changes.

Maa is expensive to calculate, therefore the product Maa*D6a is derived from Pmg6 =  Mgg*Dg6, which has the dimensions of force per unit acceleration.  Its reduced version, Pma6 is already computed when reducing the unit inertial loads in the SELR subDMAP by conventional SSG2 module techniques.    

The new ur variables now become a set of generalized coordinates related to all of the other DOFs.  The physical meaning of the generalized constraint forces qr comes from the dual equation


qra = - Pma6*qr

The qra terms are computed from qr, then expanded to g-set size, and output with the SPCF command.  They represent the loads applied to all points with mass to balance the inertial loads calculated from the resultants of the applied loads.  In a good inertia relief model all of these terms will be computational zeros.  If any are larger it is an indication of a modeling problems, such as an unintended constraint to ground.  Unfortunately, almost every DOF is likely to have a very small SPC force of this type, leading to large output files that are difficult to scan for large numbers.  For this reason, the TINY parameter used for discarding small element strain energy terms is borrowed for also filtering forces associated with the inertia relief constraint.  Any terms smaller in magnitude than 1.E-3 are set to binary zero, and will not appear in the SPCFORCE output.  Conventional SPC forces associated with SPCi entries or DOFs given AUTOSPC, if any, are not filtered.  TINY is a user parameter that may be set to other values.  This will be discussed in the example problems in the release notes where this enhancement is delivered.

The equations with a full matrix for Rar rather than only Irr in a sparse Rar matrix can be solved mathematically by elimination techniques, but there is a practical limitation.  The elimination process tends to couple every a-set DOF, so that what may have been a sparse stiffness matrix at f-set size suddenly becomes a very dense matrix at L-set size.  The appended a-set matrix approach does not suffer from this problem.  The dense columns containing Rar are sequenced last, and do not cause fill in other columns.  The incremental cost, compared to an elimination solution with an Rar matrix containing only Irr, is small.  The appended a-set (LaGrange Multiplier Technique, LMT) is the only practical method for solving the appended equations.  Unfortunately, the iterative solver is not ready for this type of indefinite matrix.  We have not yet found the magic combination of input options that might solve this problem economically.  The iterative method is therefore blocked in the ULTIMA system, and is likely to be blocked in Version 70.7.  Request for the iterative method are ignored without warning, and a direct solution is attempted.

The fact that Yr is set to zero in this type of analysis states that, on the average, the weighted motions of the a-set points are zero.  A physical model of these distributed constraints can be pictured as many points on the structure being "whiffletreed" to a single new grid point at a reference point, which is then made the r-set point.  This r-set point has zero displacements.  A whiffletree is a user-defined interpolation mechanism that re-distributes loads applied on one point to many other points without affecting internal load paths in the structure.  The RBE3 element is known colloquially as the "whiffletree" element.

The distribution of the constraint loads over many points makes it unlikely that numerical difficulties will be encountered because of the constraint system.  Indeed, constraining many grid points to one in the r-set with an RBE3 element is the only practical method at present to select an r-set for structures containing only very soft structure.  This method has been long in use, for example, by those modeling fuel tanks for spacecraft, where all of the structure is relatively soft locally. The grid points on one or several rings can be brought to a center reference point with an RBE3 element.  The reference point may be placed near the center of gravity of the structure, a feature with some esthetic appeal.  The balancing loads are not dumped into one structural grid point, the conventional r-set action, but into many points.  Unfortunately, the RBE3 element is even less forgiving of novice errors than the SUPORT entry.  

Indeed, inertia relief solution techniques are something of a tight-wire act.  The object in inertia relief is to have zero net loads on the constrained point(s) by adding just the right inertial loads to balance the other applied loads.  This balancing act is accomplished by going through a long string of calculations based on structural stiffness that tends to build up numerical truncation errors.  Spreading out the number of points for these balancing loads tends to minimize local flexibility effects, reduce the numerical noise, and allows novices to get off the tight-wire and instead constrain their model on something more like a water bed.  The bed prevents the model from dropping to the floor, but does not induce large concentrated intermediate internal loads as part of the solution process.  If the structure is really several lightly-connected or totally unconnected structures, the constraint system forces all to act as one structure.  None will fall off the waterbed, leading to "high ratio" warnings and fatal exits.  Using the weighted rigid body modes of the a-set as constraints spreads the balancing loads to the maximum number of points available at solution time, and attaches disjoint pieces that we think the user intended to connect, but forgot to finish modeling.  

3. REQUIREMENTS FOR THE GENERAL MULTI-BODY OPTION

This option has proven to be remarkably difficult to implement in breadboard form because of subtle technical issues that were not anticipated in the initial design.  Some of these issues are discussed here, along with present plans for addressing these problems.  The SRS for this capability is some weeks away, at best. Input from the technical community is welcome.

Proper use of the SUPORT entry requires that the user knows a priori how many rigid body modes there are, and what DOFs are adequate for constraining them.   There are many reasons why he does not know this at all, or may be wrong when he thinks he knows the answer.  Insisting that there must be six such modes is not adequate for certain types of aero modeling.  Neill cites the case of canard surfaces on some small aircraft. Some are designed to be freely rotating in the vacuum used when setting up a model, and are actually "flown" with small tabs controlled by the pilot.  It is essential for aeroelastic stability that they do not input significant moments due to air loads.  The rotation mode of the canards is therefore an independent rigid body mode, requiring a total of  seven rigid body modes for this model.  

A common user modeling error is to have SPCs or elements connecting significant stiffness to ground, in a manner that removes some or all rigid body modes.  This is not his intention, but it is what he modeled.  To make life even more interesting, the aero club has union rules on who is allowed to model what.  The SOL 144-types are not allowed to consider small items such as engine thrust or wing drag, so they ignore these effects and SPC the structure in the fore and aft direction in order to be able to trim it for aeroelastic loads.  This structure would then have 5 rigid body modes, unless it also had a canard in which case it would have 6, or unless it was a "half" model, in which case it would have 3, except of course if it is Tuesday . . . 

The short answer is that the user should not prescribe the number of rigid body modes.  NASTRAN should figure this out itself.  The cheapest way today is by actually computing them with the READ module.  It is sweetly ironic that the SUPORT entry was introduced initially because of the high cost and unreliability of the old inverse power method in the presence of multiple roots, especially the 6 usually associated with rigid body modes.  It then got borrowed for a lot of other strange technology, such as inertia relief analysis.  Today, the Lanczos method will compute rigid body modes at a small marginal cost over a static solution, and much more reliably in that the user's opinion on how many modes there might be is not needed.  Lanczos does not benefit from the presence of a SUPORT entry.  Neill has expressed an interest in using flexible modes of superelements as additional Ritz vectors for a reduced basis solution in SOL144.  If we find the rigid body modes of the superelement with the READ module anyway, computing a few flexible modes can be done at little incremental cost.

This concept has been made to work in breadboard form for the simple cases of six rigid body modes for the total structure, and six or less for a single structure in a superelement.   I am still stewing about the mathematical challenge of dealing with more complicated cases (a superelement with 2 rigid body modes on one disjoint piece, and 4 on another), and even worse on how to provide a convenient but reliable interface for the general capability.  The stinker, as always, is how to distinguish a component lightly-coupled, by intent, and another lightly-coupled only because of truncation errors, but for which the user intended to have an independent rigid body mode, like the rotating canard example.  If the canard is in a superelement with other structure, how do we order the seven rigid body modes that will appear, and pass them through the boundary properly?  Present thinking is we will allow the user to give us his opinion on which modes are to regarded as independent component modes, but checks will be provided that will produce warning and fatal messages of the form "YOU MUST BE DRUNK.  YOU SAID THIS COMPONENT MODE IS INDEPENDENT OF THE REST OF THE STRUCTURE, BUT IT IS CONNECTED AS STRONGLY AS THE REST OF THE RIGID BODY MODES."  Input from the field is welcome on this topic.  I haven't stumbled on a reasonable user interface yet.  The dilemma is how to allow the user to throw different pieces on different water beds, and tell him when we suspect he must be confused.  

The business of SOL 144 users taking out the fore and aft rigid body mode is also more complicated than it looks.  We can automatically take out one rigid body mode, normalized for uncoupled generalized mass, but all may at some angle to the fore and aft direction because of high tails or other common configurations.  This implies, at least, taking out some linear combination of rigid body modes, an awkward user interface to write.

Use of computed rigid body modes also solves the problem of scalar points being ignored in VECPLOT modes.  There is another subtle point having to do internal constraints, known as skyhooks in the aero vernacular.  MSC/NASTRAN allows MPCs and scalar elements to have internal constraints.  They are most commonly used properly in aero models when one wants to define a relative coordinate as the difference in displacement between two or more conventional inertial coordinates.  An example is a control system variable that measures the position of a control.  If you really, really know what you are doing, you can put the proper coupled mass terms on these DOFs (or leave mass off on them), and do a bunch of other extra work so that the inertia relief assumptions are still valid.  It is not easy to do this fancy modeling correctly.  A necessary but not sufficient test is that rigid body modes don't get contaminated.  It is major grief to try to counsel a novice user through such troubles.  ("Well, I inherited this model from some old grouch who got laid off, and I don't know what he was trying to do, but NASTRAN keeps kicking me off.  Tell me what to change to get answers that were the same that he was getting.")  We could test for these conditions for inertia relief analysis by doing equilibrium checks on the MPC matrices, a la PARAM, CHECKOUT, YES, and ask the user his opinion on how many rigid body modes there are.  Give him an  "Oh Oh" message when he's wrong.  My advice is to make these fatal messages with a DMAP exit.  The purported expert can write a DMAP alter to branch over the exit, and our client service types can see that he is doing something non-standard when he complains about NASTRAN giving bad results.  Spotting this type of modeling when scanning an input file is laborious and unreliable.

4. LIMITATIONS OF THE V70.7 IMPLEMENTATION

If gravity loads are used they should be combined with other types of loads for more usable results.

No tests are made for ground springs or spcs to ground the structure.  If any exist the new path will still function, but the results will be inconsistent with Inertia Relief theory.  In particular, the VECPLOT rigid body mode shapes are inconsistent with the rigid body modes, if any, of the grounded structure.  This affects the accuracy of the inertial balancing loads.  It still allows a solution useful for checking the validity of the model, however.  

The present inertia relief capability (PARAM, INREL, -1) has a provision for less than six rigid body modes.  That capability is blocked when INREL=-2, with the result that such systems will cause fatal errors due to singularities when computing rigid body accelerations.  This short cut has been made in the interests of expediency, because models made of solid and shell elements are unlikely to have less than 6 rigid body modes, and p element models are the short-term goal of this enhancement.  When the aeroelastic inertia relief capability is installed, it will allow less than (and more than) 6 rigid body modes.  The limitation described here will be removed at that time.

Both the old and inertia relief methods share the same limitations caused by use of VECPLOT rigid body modes.  Models with scalar points will not have loads on their masses.  MPC equations that have internal constraints do not have the proper inertia loads.  The Flight Loads II method in development addresses these limitations.

5.  UNIT TEST PROBLEMS FOR V70.7

Unit tests are completed.  The v&v activities underway are described below.  All project materials are on subdirectory kodiak: /app/etl/pir.  They are permanently stored on my NT workstation at bradford, D:\dev\kamran, but this has security locks on it that I haven't figured out how to work around yet. The /app/etl set should be accessible by network transfer.  The input files, usually given the extension .dat, instead use a .txt extension.  (Don't ask).  The output files are appended into a file with the extension .f71.  Runs were made with the nast71t1 symbol on kodiak on the date of the output file.  Files ending in "2" use the new style inertia relief (inrel=-2).  Files ending in "1" use the old style (inrel=-1).  

Name 


Contents 

block_mm2.dat
KIZ test file for moderate-size p element problem

n71


Script used to submit jobs

pir2.txt

Small test problem input file with alter, bars 

pir1.txt

Small test problem input w/o alter, baseline 

pir11.txt

with spc error, new method.

pir22.txt

With spc error, old method.

pira.txt

The v71 alter

seir2.txt

Small superelement problem, bars

Omitir2.txt

Small problem including omitted set

Rbe3ir1.txt

Baseline problem with suport, rbe3 instead of alter

Rbe3ir2.txt

Same with rbe3 removed, inrel=-2.  Should give same results

Bcir2.txt

Test boundary condition changes, mpcs

Compir.txt

list dmap compilation for pir* model

Pir.rdm

Read me file with test problem descriptions

The small problem pir* is of the verification type, made of a few bars.  As expected, the displacements in the -2 and -1 (baseline) outputs differ, because they are measured relative to different reference frames.  The applied loads and element forces are identical.  Element stresses (not printed) should also be identical.  

The pir11, -22 series put in an ill-advised spc, to test the effect of this modeling error.  It causes different solutions for the old and new methods.  Reasons may have something to do with the difference in dealing with bad rigid body modes.  The old method provides good grid point force balance; the new method does not.  The reasons for why an illegal model gives slightly implausible results are somewhat academic.  It does point out that inertia relief is a rather bulletproof.  If a model runs in any other type of analysis, it should provide plausible results in inertia relief analysis.  It is left as an exercise for the user at present to determine what it means physically to tie a structure to ground and then accelerate it.  Methods to at least give warning messages about models in this condition will be considered in the Flight Loads II project.

Seir* and omit* test the effects of static condensation, in the different contexts of superelement and omit-type reduction.  They provide good answers.

RBE3ir* test an exactly equivalent model, the old way with an RBE3 element to distribute the constraints, the new way where the auto-constraint provides the same function.  They provide identical answers for all quantities, including displacements.  The complicated modeling necessary for this two-grid point model shows how difficult it is to make complete comparison check cases, in general.

All of these problems use an alter package with the DMAP compilation list turned off.  The comp* file has the alter imbedded, with the list option selected. 

The block* problem has several hundred p elements.  The solution appears plausible, although it should be checked by the ULTIMA project.  It goes through several optimization loops.

6.  SUGGESTIONS FOR IMPROVEMENTS IN THE ALTER.

String-based alter statements are used in the alter.  This should reduce the maintenance as the dmaps in this experimental version of NASTRAN are changed, but some maintenance may be required.  If present plans can be completed, an alter will not be necessary in future field systems.  It has been determined that the alter will not compile in v70.5.  This conversion will be made on request.

7.  SUGGESTIONS FOR V71 PRODUCTION VERSION

The present technique for appending constraint equations to the stiffness matrix requires a merge step with the large stiffness matrix before the DCMP module runs.  Much to my amazement, it appears to do the symbolic factoring correctly on a grid point, not DOF basis in the presence of extra rows in KAA, but there may be some surprises waiting there.  The enforced motion project has a requirement to extend DCMP to allow input of constraint equations to solve problems of this type.  The merge can then be done on the fly, eliminating one "read' step for the stiffness matrix.  The theory is well known, and the implementation should be simple.  It is requested that the ULTIMA and Flight Loads II projects put some priority behind this request.  A SRS for this topic is available.

The iterative solution module SOLVIT does not handle indefinite stiffness matrices correctly, a requirement for inertia relief analysis.  It is recommended that SOLVIT do so, routinely.  There may be other projects that will benefit from using the LaGrange Multiplier Technique (LMT) that lead to indefinite matrices.  The STATICS supermodule has a branch for such matrices, and a theory demonstrated to work ("conjugate residual method").  Unfortunately, it is not the right packaging for this implementation, and requires some efficiency enhancements as well.  It is suggested that the Flight Loads and ULTIMA project make their needs known to M. Reymond, and he can make the packaging requirements know to Numerical Analysis that avoid a DMAP mess.  The nicest package would be one that inputs both Kaa and the constraint matrix as separate data blocks to SOLVIT.  In addition to avoiding a merge, it also gives the module knowledge about the rows in which the strange constraint coefficients reside, data useful for dealing with the numerical challenges of solving indefinite systems.

In the interests of expediency for the ULTIMA project an old parameter (INREL) is given a new value (-2) for this new option.  I would like to someday deep-six all old integer user parameters for analysis option selection.  If we define a better user interface for Flight Loads II in V71 perhaps we can make inrel go away, and replace it with a char parameter or some other respectable option.

The breadboard uses the dbstore and dbfetch macros to pass around data.  No effort was made to properly qualify these datablocks for boundary condition changes.  One effect noted is that spcforces are printed for only one BC set.  This problem should get fixed automatically when these blocks are passed through calling arguments because they will need to be qualified then.  In this sense the breadboard does not test all functions that the production version will provide.

8.  TEST PLAN

Suggestions for modifying existing models for the new inertia relief are:

General comments:

Remove any spc= entries, suport entries.  Add spcf= all.  SPC forces should be computational zeros, so this is a test on whether the vecplot module is making good rigid body vectors.  Use param, tiny, 0.0 to see all spcforces without filtering.  Models with inrel=-1 and inrel=-2 will get different displacements, but should get identical oloads, element forces, and element stresses.  The biggest unknowns here are performance, and the effects of  how well complicated curvatures on p elements are reflected in the rigid body modes from VECPLOT.  We should concentrate on those issues.  The unit testers cover other features pretty well, but they are mostly bar element models.  I hope bad SPC forces will uncover all possible errors in the rigid body modes from VECPLOT.  If someone knows a better test technique for uncovering problems in p elements I'd appreciate learning it.

A. Performance testing.  Take a large statics model with p elements, one that will not run in default memory, without the alter.  Make a variation with the spc= command removed, param, inrel -2 added.  See how much more memory is required, how much longer it takes.  

B. Variation 1.  Use param, inrel, -1 on the model above.  See me about writing a suport, rbe3 entry for it.  Verify that it gets the same oloads, element forces as prior model.  Displacements will differ.

C. Regression testing.  Find 5 files with param, inrel, -1 in them, preferably with p elements, although I suspect that there are only h element files.  Make a new version with param,inrel,-2.  Verify oloads, elforces the same.

D. KIZ recommends that all available sol 101 test model for the ULTIMA project be tested.  He thinks there about 100.  Run with inrel=-2, ask him to review any with spcforces >1.0.  It is difficult to give guidelines on what constitute good and bad solutions, other than it should "look good" in PATRAN.  The technique of item B does allow checking against another similar solution, but it is labor-intensive to set up the RBE3 modeling and the rest of the old inertia relief inputs.

As of today's date, Kilroy has gotten part way through the 100 test problems, and found several problems.  None have been show stoppers.  The highest incremental cost (straight sol 101 with spcs vs. inertia relief) was about 20% additional.  

 APPENDIX  README FILE FOR pira.v706 ALTER PACKAGE

1.  BACKGROUND  Inertia Relief analysis, an option in SOL 101, requires the presence of an inertial reference frame.  In conventional analysis the user describes the reference frame with a SUPORTi entry.  This alter defines the reference frame automatically, without the need for SUPORTi entries.  It does so in a manner that allows models with many disconnected pieces (by intent or accident) to be modeled without the need to prescribe constraints of any kind.

2. INPUT

Executive File:  Insert  include 'pira.txt'  before the cend entry.

Case Control File:  Many existing input files will have a SPC= entry present to constrain the structure to ground.  It should be removed.  All other input and output options are allowed.

Bulk Data File:  Conventional inertia relief requires the presence of SUPORTi entries.  They are not allowed with the alter package. They cause a fatal error exit when present.

PARAM, INREL, -2 is required for the auto-support feature added by this alter package.

3.  OUTPUT

Output is conventional, the same as when using the built-in alternate method of inertia relief, selected with param, inrel, -1. 

4. LIMITATIONS

No tests are made for ground springs or spcs to ground the structure.  If any exist the new path will still function, but the results will be inconsistent with Inertia Relief theory.  In particular, the VECPLOT rigid body mode shapes are inconsistent with the rigid body modes, if any, of the grounded structure.  This affects the accuracy of the inertial balancing loads.  It still allows a solution useful for checking the validity of the model, however.  

The present inertia relief capability (PARAM, INREL, -1) has a provision for less than six rigid body modes.  That capability is blocked when INREL=-2, with the result that such deficient systems will cause fatal errors due to singularities when computing rigid body accelerations. 

Both the old and inertia relief methods share the same limitations caused by use of VECPLOT rigid body modes.  Models with scalar points will not have loads on their masses.  MPC equations that have internal constraints may not have the proper inertia loads. 

5. DEMONSTRATION PROBLEMS

The ir2.dat model is of the verification type, made of a few bars.  It uses the new option.  The ir1.dat model is an identical model using the built-in solution method.  As expected, the displacements in the -2 and -1 (baseline) outputs differ, because they are measured relative to different reference frames.  The applied loads and element forces are identical.  Element stresses (not printed) should also be identical.  

