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Abstract

In the metal forming analysis, the simulation time of each job is relatively short. However, due to the iterative modifications of the
forming tools based on the simulation results, generally there would be several numerical tryouts. Also in addition to those with a
single keyword file input, the number of simulation jobs consisting of several (e.g. the progressive die forming) or even dozens of
sequential simulations (e.g. the iterative springback compensation process), is increasing. In comparison to conventional simulations,
simulation submission and file management of these jobs have become more time-consuming. Therefore, a simple application (Job
Manager) has been customized for LS-DYNA metal forming users to manage the simulation jobs more efficiently and reduce the total
time cost.

Introduction

In metal forming analysis, the simulation time of each numerical tryout is relatively short, but generally there
would be many tryouts due to iterative modifications of the forming tools based on the simulation results. To
reduce the total time cost and avoid the tedious file management, it would be nice to provide a Graphic User
Interface (GUI) for the user to manage the simulation jobs effectively (e.g. simplified submission procedures
and quick file operations on the results), especially in case of simulation jobs that consist of several (e.g. the
progressive die forming) or even dozens of sequential simulations (e.g. the iterative springback compensation
process). Based on these traits, a simple application (Job Manager) has been customized for our metal forming
users with the intention to help them manage the simulation jobs.

Applications and settings of Job Manager

The submission of a multi-OP simulation

For multi-OP (i.e. multiple stages) simulations such as progressive die forming or springback compensation, the
sequential submission of its OPs /stages is needed. In most cases the precisions and the version of the solver
would differ in different OPs. For example, the OP of implicit gravity or springback requires the double
precision solver, yet for the drawing and flanging simulations the single precision solver would be adequate
with faster simulation time; While new features are needed in trimming or springback compensation, official
releases are still recommended for other common processes (e.g. drawing) because they are more stable.
Currently LS-PrePost® EZSetup has supported the setup of these jobs for metal forming users. The simulation
of each OP will be performed in its own folder, making it clearer to process the results. A batch file will be
created by LS-PrePost EZSetup to perform the simulations. Now a GUI called Job manager has been further
customized with enhanced features for the users to manage the simulation jobs more easily.
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The submission of a multi-OP job in Job Manager is shown in Fig. 1. The batch file created by LS-PrePost
EZsetup can be directly loaded into Job Manager. Automatic detection of the job status can help the user easily
start or resume the workflow, without checking which of the OPs are already completed. For these multi-OP
jobs, file cleaning is another time-consuming task for forming users, since a large number of files would be
created. In the newly developed Job Manager, a job file clean filter is preset and can be customized by the user
to clean all unneeded files with one simple click.

E=I Job Manager
Jobs Execute Tools Setting Help

lg & 5| P A | 0 ed| 43
Job Title Start Time Job Status | Elasped Time Job Path Used Space

1|1_stagel_forming |01/02/18 15:47:58 |COMPLETED | 00:0037 Z:\8.QA\I6 JobManageri1 _stagel forminghsim.k 323MB
2[1_opl0_forming  |01/02/18 16:46:47 |COMPLETED | 00:00.33 7:\8.QA\16 JobManager draw.winsmp 1 AirDraw testitryd.k 342 MB

3 -

4 | progwinsmp.2 01/02/18 16:28:17 STOPPED 00:15:30 Z:\8.QA\E JebManager\preg.winsmp. 24321 - Copy.d \]Ob Info 4861 MB

5 |progawinsmpd  |01/02/18 16:28:27 |G 00:0-:30 Z:\8.QA\16.JobManager\prog.winsmp1\sim.bat 50.3 MB
1_iter0\1_forming * | |eMD: [ ¢ \LsDYNR\program\1s-dyna O P cwm THONITME HOPT——19 memerefOAM 5 — - "

: | C:\LSD¥NA\programyls-dyna_smp d R901_winxé4_ifort13l.exe D=NODUMP NCPU=-12 memory=B800M i=sim.dyn Apply Edit
1_iter0\2_trimming - = -
1 jter0\3_springback estimated cpu time to complete = 0 sec ( 0 hrs 0 mins) B
1_jter0\4_compensation est:}matei titai— clock time 5 = g gec ( g ;rs g m:.LnsJ
Liter0\5_comp_localsmoot estimated clock time to complete = zec ( ra mins)

(2_iterl\l_forming <-) +*% termination time reached ***
(2_iterl\2_trimming)
Heoermal termination 01/02/18 16:48:11
OP Disabled
— - — " I iming informatieocn
(3_iter2\1_forming) CPU(seconds) $CBU Clock(seconds) $Clock
(3_iter?\2_trimming)
(3_iter2\3_springback) Keyword Processing ... 7.0000E+00 25.00 7.5970E+00 27.12
(3_iter?'d_compensation) EW Reading ......... 4.0000E+00 14.29 3.7580E+00 13.42
(3_iter?\5_comp.localsmoot] EW Writing ......... 0.0000E+00 0.00 3.4400E-01 1.23
- - P Initializaticn ....... 1.4000E+01 50.00 1.3604E+01 48.56
(4_iter3\1_forming) Init Proc Phase 1 .. 9.0000E+00  32.14 B.9550E+00  31.96
(4_iter3\2_trimming) Init Proc Phase 2 .. 0.0000E+00 0.00 1.4100E-01 0.50
(4_iter3\3_springback) £l Init solver ...v.e.... 0.0000E+00  0.00 1.5000E-02  0.05
{4_iter?d_compensation) Element processing ... 3.0000E+00 10.71 2.1530E+00 7.68
(4_t 3\5_ | | 1l Shells ceivearannnas 3.0000E+00 10.71 2.1530E+00 7.68
-fteraio_comp_ocalsmad IIPLACET wnvnnneeennnnn 0.0000E+00  0.00 4.6000E-02  0.16
(5_iterd\1_forming) Implicit Lin. Rlg. ... 1.0000E+00  3.57 1.6380E+00  5.85
(5_iterd\2_trimming) Imp. LA Mtx Asgemb . 1.0000E+00 3.57 1.0920E+00 3.90
(5_iterd\3_springback) Imp. LR FACTOE ..... 0.0000E+00  0.00 5.1500E-01  1.84
(5_iterd'd_compensation) Imp. L& Sclve ...... 0.0000E+00 0.00 3.1000E-02 0.11
(57t 4\57 local " Group force file ..... 0.0000E+00 0.00 1.6000E-02 0.06
-ftertis_comp_localsmad MiSC. 3 eennnnnnnaeenn 3.0000E+00  10.71 2.94B0E400  10.52
(6_iter5\1_forming) .
(6_iter5\2_trimming) Totals 2.8000E+01 100.00 2.8017E+01 100.00 lee Updated message and progI’ESS
(6_iter5\3_springback)
(6_iterS'd_compensation) Prcblem time = 1.0000E-01
6_iters5 | | 4l Problem cycle = 4
er 'mmE-D(E smao Total CPU time = 28 seconds ( 0 hours 0 minutes 28 seconds)
(7_iterg\1_forming) CEU time per zone cycle = 104365 nanoseconds
(7 _iter6\2_trimming) Clock time per zone cycle= 101622 nanoseconds
g Iy ¥
(7_iter6\3_springback)
({7 _iter6'4_compensation) Humber of CEU's 12 -
{_iter6\S local " NL{ used/max 136/ 136 3
el _comp_localsmoo Start time 01/02/2018 16:47:48
(B_iter7'1 forming) End time 01/02/2018 16:48:11
(B_iterM2_trimming) Elapsed time 23 seconds for 4 cycles using 12 SMP threads
(B_iter™3_springback) { 0 hour 0 minute 23 seconds)
(B_iterT4_compensation) X s r s . | 5
8 iter?\5 comp localsmoot] ™ Hormal termination 01/02/18 16:48:11 il
< "
Completed OPs: 5 of 45 Current Job CPU: 0 Total CPL:0 Running Job: 0 Total Jobs: 5

Fig.1 Multi-OP submission from the EZsetup batch file in Job Manager

The submission of a single process simulation

A common single submission (e.g. a single drawing simulation or the blank shape estimation with the one step
method) is also supported by Job Manager. As shown in Fig.2, the solution settings allow the user to select the
preset default solvers, CPU and memory parameters, or directly browse for another solver and input the solution
parameters manually (see next section)
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Jobs  Execute Tools Setting Help

/| A 7P
‘ .--‘f‘r'. -_,._T.|{'-‘|
Job Title Start Time Job Status | Elasped Time Job Path Used Space
Y1 stagel_forming [01/02/1816:47:58 [RUNNING (000030 |Z:\8.QA\IGJobManager\l_stagel_forming\sim.k 11 MB
2 1.opl0 forming  |01/02/18 16:45:47 (COMPLETED | 00:00:33 Z:\8.QAN6 JobManager\draw.winsmp 1\ AirDraw. testitryd.k 342 MB
3 | compensation.test |01/02/18 16:28:06 | PEMDING 00:20:05 Z\8.QA6.JobManager\spbk_complcompensation.test\sim43 - Copy.bat 93.6 MB
4 | progwinsmp.2 01/02/18 16:28:17 STOPPED 00:15:30 Z0E.QAN6.JobManager prog.winsmp.2\d321 - Copy bt 436.1 MB
5 [progawinsmp.l  |01/02/18 16:28:27 |EGRI 000430 Z:\8,QAN6.JobManager\prog.winsmp.1\sim bat 503 MB
CMD: | C:\LSDYNA\program\ls-dyna smp s R901 winzf4 ifortl3l.exe ncpu=-f memory=600m i=sim.k d=nodump Apply Edit
Memory required to begin solution : 1278K
Additional dynamically allocated memory: 532K
Total: 1809K
2846 t 5.1228E-03 dt 1.80E-06 flush i/o buffers 01/02/18 16:48:24

initialization completed

3085 t 5.5512E-03 dt 1.80E-06& write d3plot file 01/02/18 16:48:24
3085 t 5.5530E-03 dt 1.80E-06 write adaptivity stress file 01/02/18 16:48:24
3085 t© 5.5530E-03 dt 1.30E-0§ increase shells from 4324 to 4324
3085 t 5.5530E-03 dt 1.80E-06 increase shells from 4324 to 4324
3085 t 5.5530E-03 dt 1.80E-06 increase shells from 4324 to 4324
Memory reguired to process keyword : 934418
input of data iz completed
Memory required to begin solution : 1278K
Additional dynamically allocated memory: 532K
Total: 1809K
3085 t 5.5530E-03 dt 1.80E-06 flush ifo buffers 01/02/18 16:48:25

initialization completed

3324 t 5.9832E-03 dt 1.80E-06 write adaptivity stress file 01/02/18 16:48:2&
3324 © 5.9832E-03 dr 1.30E-04 increase shells from 4324 to 4324
3324 t 5.9832E-03 dt 1.80E-06 increase shells from 4324 to 4324

3324 t 5.9832E-03 dt 1.80E-0& increase shells from 4324 to 4324
Memory required to process keyword : 934482

input of data iz completed

Memory required to begin solution : 1278K
Additional dynamically allocated memory: 532K
Total: 1809K

3324 t© 5.9832E-03 dt 1.80E-06 flush i/o buffera 01/02/18 16:48:27

initialization completed
3563 t 6.4116E-03 dt 1.80E-06 write d3plot file 01/02/18 16:48:27
3563 t 6.4134E-03 dt 1.80E-06 write adaptivity stress file 01/02/18 16:48:27
3563 t 6.4134E-03 dt 1.30E-0§ increase shells from 4324 to 4324
3563 t 6.4134E-03 dt 1.80E-0& increase shells from 4324 to 4324
3563 t 6.4134E-03 dt 1.80E-0& increase shells from 4324 to 4324

m

Completed OP: 0 of 1 Current Job CPUs: 8 Total CPUs: 8 Estimated Remaining Time: 00:00:17 Total Jobs: 5
Fig. 2 Single submission of a single keyword inputdeck in Job Manager

The user settings in Job Manager

As shown in Fig.3, the user settings can be defined and saved in the configuration window. The default
parameter for the SMP and MPP solvers can be specified and become available in the solver lists as in Fig.4. In
addition to local solvers, user-defined submission commands can also be customized here according to the
user’s job submission protocol (currently working with Windows OS). So it is possible to run different OPs of
the same job in the local workstation and HPC in a mixed manner (e.g. simulating forming in the HPC for the
faster and stable solution with the official release, and then spring-back compensation in the local workstation
for the new features in a beta solver). The license setup let the user run LS-DYNA with valid license info,
without modifying the system environment variables. It also allows the user to define the postprocessor, the text
editor and the job file clean filter for quick file operations from the toolbar or the popup menus in the main
window.

If a beta solver needs to be used instead, the user can browse for the solver and replace the current solver with
the new one (as in Fig.4). For the multiple-OP simulation, all the OPs with the same solver can be replaced in
one operation if necessary.
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Configuration ‘ x| Configuration | =
SMP | MPP |Appiica’(ion| Licensel Mise, | ‘ SMP | MPP |Appiication| licer\sel Misc. |
Default Default
Single Precision CALSDYNA\program'ls-dyna_smp_s_R901_winxd4_ifortl31.exe Browse MPI Command ChProgram Files (x86)\BM\Platform-MPLbin\mpirun.exe Browse
Double Precision CAHLSDYNA\program’ls-dyna_smp_d_R901_winxbd_ifortl31.exe Browse Single Precision CALSDYNANprogramils-dyna_mpp_s_R901_winxd4_ifortl31_pn Browse
Parameters Double Precision CALSDYNA\program'\ls-cyna_mpp_d_RI01_winx64_ifortl31_pr Browse
cpu= 8 memory = 600m Pararneters
Additional = d=nodump cpu= 16 memory = 300m
Additional =
Preview
Preview

CALSDYNANprogram\ls-dyna_smp_s_R901_winx64_ifortl31.exe ncpu=-8 memory=600m i=example.k

"C:\Program Files (x86)\IBM\Platform-MPT\bin\mpirun.exe” CALSDYMNA\pregramls-dyna_mpp_d_R9

[ ok ][ Cancel | [ ok ][ cancel

Fig. 3 the user settihgs in Job Manager

Jobs  Execute Tools Setting Help

> . & e
|f1x<; a8 A 4] Ifl|{'s‘| »
| JobTitle | StartTime | JobStatus | Elasped Time Job Path | Used Space |
1|1 stagel forming |01/02/18 16:47:58 00:00:37 ZME.04\6.JobManagerd _stagel forminghsim.k 323 MB
P31 opi0 forming | |7:8.QA\V6JobManagendrawwinsmp I\AirDrawtestitryd.k 56 MB
3 |compensation.test |01/02/18 16:28:06 PEMDING 00:20:05 Z1E.QAN 6 JobManagerispbk_comphcompensation.test\sim43 - Copy.bat 986 MB
4 | progwinsmp.2 01/02/18 16:28:17 STOPPED 00:15:30 ZN\8.QAN6.JobManagerprog.winsmp.2'4321 - Copy bt 486.1 MB
5 | prog.winsmp.l 01/02/18 16:28:27 _UU:[M:EU ZN8.0QAN6.JobManagerprog.winsmp 1isim.bat 50.3 MB
CMD: C:\LSDYNA\program\ls-dvna smp_s_R901 winx&4_ifortl3l.exe ncpu=-2 memory=600m i=try4.k d=nodump Apply [ Edit ]|
~||l [[Jcru=¢ ~ Memoy= qoom  ~

[c:\L5py C: \LSDYNR\program1s-dyna_smp_s_R10.0_winx4_ifort160.exe
C:\LSDYNR\program\la-dyna_smp_3_Dev_122575_winxé4.cxe
C:\L5DYNR\program\la-dyna smp d R10.0 winzéd ifortl3ll0.exe
C:%L5DYNA\programyls-dyna smp 5 Dev 121813 winx64.exe
C:\LSDYNA\program\li-dvna amp 4 R9 122294 winx64.exe
FBrowse. ..
C:\LSDYNA\program\ls-dyna_smp_s_R901_winxéd_ifortl3l.exe
C:\LSDYNR\program\la-dyna_smp_d R901_winxé4_ifortl3l.exe
C:\L3DYNA\programyls-dyna mpp_d R901 winxé4 ifortl3l_msmpi.exe

5

Selecting the solver settings or manually input the command

Completed OP: 0 of 1 Current Job CPU: 0 Total CPU: 0 Running Job: 0 Total Jobs: 5

Fig. 4 switching to a beta solver in Job Manager
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10.

Current features of Job Manager

Supporting sequential submission of the multi-OP jobs in metal forming simulations (e.g. progressive die
simulation) minimizes the possible waiting time between two OPs to reduce the total time cost.

Automatic multi-OP job status detection makes it easier for the user to resume the job correctly and prevent
the possible file conflict in case of running tests in the same folder.

Three ways of starting a simulation job in Job Manager:

a) GUI: Dragging the job file into Job Manager or using the “Add Job” button.

b) Windows Open-With: File extension association by Windows with the simulation file like “*.k” or
“* dyn”.

¢) Command line: Sending the file via command line to start, stop, queue or delete a job..

The solver info can be loaded from the EZSetup file or manually defined, allowing the user to change the
solver settings for a partially completed multi-OP job.

Jobs can be queued for later submission. OPs of a job can be disabled so that part of a job can be simulated.

The local SMP and MPP simulations are supported. It also works with the HPC that supports Windows
submission command.

Simulation status monitoring:

a) Real-time update of the solver message for the running job (local) allows the user to easily monitor the
simulation progress.

b) The progress bar shows the current percentage of the simulation with an estimate of the remaining time.

c) Job status pops up in the taskbar when the job ends normally or in error.

Utilities such as the popup menus, job grid sorting, simulation files cleaning and hard disk usage make it
easier to manage the simulations (especially jobs consisting of dozens of OPs). The user-defined shortcut to
launch the post-processor also helps the user to quickly evaluate the results.

A fail-safe scheme is implement to instantly restore the work flow upon staring Job Manager, if the job is
found still running in the OS, in case of abnormal termination of Job Manger .The current Windows batch
has the limitation that the user would have to wait for the current OP to finish or kill it, so that the batch file
can be started in order to make the following OPs automatically submitted again.

As a standalone executable, it acts like a hub and allows the user to close the pre-processor after submitting
the job.
Summary

A user-friendly GUI has been customized for LS-DYNA metal forming users, with the intention to help them
manage the simulation jobs effectively and further reduce total time cost. The current version works in MS
Windows. The future vision may also be extended to Linux.
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