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About This Manual

« This manual is a tutorial demonstrating use cases for Winmostar V11.
« For those using Winmostar V11 for the first time, please consult Beginner's Guide.
« For those who wish to explore the details of each feature, please refer to Winmostar User Manual.

« Those who wish to practice the contents of this manual are encouraged to attend a training
session.

— Winmostar Introductory Training Session:This guide only introduces the operation methods of
the Basic Tutorial.

— Winmostar Basic Training Session:We will cover the theoretical background, explanations on
interpreting results, operational methods of the Basic Tutorial, and procedures for some
tutorials beyond the basic level.

— Individual Training Session:You can freely customize the training content according to your
preferences.

« If you are unable to proceed with the operations as outlined in this manual, please first
consult _Frequently asked questions.

« If your issue is not resolved through the Frequently Asked Questions, for the purpose of
information accumulation and management, please contact us using Contact page. Attach files
generated at the time of the issue and provide steps to reproduce the problem.

« The copyright for this document is held by X-Ability Co., Ltd. Any copying or duplication of the
content in any form without the express permission of X-Ability Co., Ltd. is strictly prohibited.
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Overview

« To calculate the stretching process of a polyethylene melt and obtain the strain-stress
data, follow the procedure outlined below:

A-a. \ A-b.
Equilibration Calculations

Equilibration Calculations MD
Energy Minimization / Constant Temperature

Note:

A-c.

Equilibration Calculatio
Constant Temperature
and Pressure MD

2\

/

B .
Stretching Calculatio [Result Analysis ]

« The number of steps required for equilibration may vary depending on the type of

molecule and its initial density.

« The method of interaction calculation, force field, and method of charge calculation

can affect the results.

« The degree of polymerization (chain length), number of molecules, stretching speed,

and pressure control (Poisson's ratio) can also influence the results.

« Due to the tutorial nature of this document, a sufficient number of steps for polymer
system equilibration will not be conducted here.
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Preference of Operating Environment

« If you are using Winmostar V11.5.0 or later and are on a 64-bit environment, please
install and configure CygwinWM version 2023/04/05 or later.

— The CygwinWM version 2023/04/05 and later includes the recommended version of 64-bit
LAMMPS.

« If the above does not apply to you, or if you wish to use a version of LAMMPS other
than the recommended version, you will need to separately install and configure the
Windows version of LAMMPS.
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Operating Modes of Winmostar V11

V11 offers two operating modes: Project Mode and File Mode.
This manual focuses on operations in Project Mode.
For operations in File Mode, please refer to tutorial for version 10.

@ winmostar (PREMIUM) V11.5.6

File Edit Select View QM MD Solid Add-On TJools Window Help
L e~-0 -2 B R - © O [ [ @ sover MOPAC v M2
el 1.+ @ @ D & HD % reenm e 2 48 @& | Project Mode New Features in V11

¥ Recentprojects

Froject Status Project mode Tutorial & Manfgial

Users can manage jobs without having to
profact (5 Croate ew Project (30)- manage individual files.

forSetup

tohuens 0 crestenewproject (2)... : We generally recommend using this mode.

® Create new project (SMILES)...

¥ Project

e i‘j Create new project (Import File)...
Options

File Mode

Users explicitly create and manage
individual files.

The operational procedure is the same as
from V10 and earlier versions.

File mode (V10 compatibility mode)

D Create New File...
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A. Modeling of the System

For basic operations, please refer to LAMMPS Basics tutorial.
Click File | New Project, enter 'pe_elong' in Project name, and click Save.

A.

mo o0
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Create the repeating unit of polyethylene (ethane, C2H6).
Click & Assign Charges Automatically and then click OK.

. Once the message 'Successfully assigned charges' appears, click OK.
Continuously click on two locations (Head and Tail) where the repeating unit will bond

with the next one during polymerization.

Head

Tail

Charges Available: User (Gtot=0.00,3rms= 0.053)



https://winmostar.com/en/tutorials/LAMMPS_tutorial_2(Basic).pdf

A. Modeling of the System

@ Homo Polymer Builder - >
Degree of PolymerizaN 50
A. Click MD | Polymer | Register Repeat Unit and R - |
click OK.
Open wmo folder
B. Enter 'pe' for Repeat Unit name and click OK.
C. Once '---pe.wmo saved successfully.' appears, click
OK.
D. Click MD | Polymer | Homo Polymer Builder and
set as follows: Display Delete
— Change Degree of Polymerization to '50', Ta(;““’“‘ |
— Select 'pe' as Repeat Unit. e
) . . (O syndiotactic
E. Click Build, enter 'pe50' in Enter polymer name, _
. (O Atactic
and click OK.
F. Once '---pe50.wpo saved successfully.' appears, click Head/Tail Configuration
OK. (®) Head to Tail (O Head to Head
G. Click Close to exit Homo Polymer Builder window. Estimated molecular weight: 1405.5
OpAn wpo folder
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A. Modeling of the System

Click MD | Polymer | Polymer Cell Builder.

Select pe50 from Polymers Available and click Add.

Enter '20' in Enter Value and click OK.

Confirm that 'pe50 20' is displayed under Polymers Used and click Build.

A black window appears, and after a few seconds of processing to build the polymer,
'Successfully generated polymer system.' will be displayed, then click OK.

F. Click Close to exit Polymer Cell Builder window.

mo o>

| @ Polymer Cell Builder - g X (@ Polymer Cell Builder - O X

Polymers Available Polymers Used Polymers Available Polymers Used

A
Name MW e Number Name MW Name Number, I—
pes0 / 50 1404.7 50 20

<< Delete <<

<< Delete <<

Display Delete Display Delete
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A. Modeling of the System

A. Click = Fit to Window to view the entire system.

Temporary File (temp.wmm) Edited

N= 6,040 C2000H4040 M= 28,094.32
Marked Order: 7 -3 - 8- 2
_ Marked Atom: X= 19.8732 Y= 30.5569 Z= 12.3617
E, Length= 2.362675 Angle= 37.1262 Dihedral= 42.75359 Lper= 040763

PHOBYrOOH-OHB &S

q Charges Available: User (Qtot=0.00,Qrms= 0.060) W g
X rho= 0499999 g/cm~3 '
a= 45.355800 h= 45.355800 c= 45.355800
alpha= 80.00000 beta= 30.00000 gamma= 90.00000

e +| 0%
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B. Execution of Calculation

A. Select 'LAMMPS' from Solver, and click [¥ (Workflow Setup).

Change Automatically assign parameters (General) to Dreiding and click OK at
the bottom right.

C. After processing for a few seconds, click OK when 'Assigned force field parameters' is

o

displayed.
(@ Assign force field parameters - O it
Choose how to set force field parameters
(®) Automatically assign parameters
= Sd‘l.i'et L H H MPS At E (General) Sll;:omg b | / ICEDtiCII'Im
- MOPAC Craces
~ Repld EEE‘DEQE g OPLE AL + GAFF |
Haussian
TINWChem
] EGromacs
ot Quantum ESPRESSO Dump Now...

O Use parameters defined in external parameter file (for inorganic system,
ReaxFF or DPD)

(O Use parameters written in file opened on main window

() skip parameter assignment

< Back oK
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B. Execution of Calculation

A. In LAMMPS Workflow Setup window, make the following changes:
— Change Temperature of 2nd job to '500'.
— Change Temperature of 3rd job to 250"

B. If you want to reduce the computational accuracy to finish the calculation faster,
change Precision of 1st job, 2nd job, and 3rd job to 'Low".

C. Click OK, then in Job Setting window, adjust the settings as needed before clicking

RLI n. @ LAMMPS Workflow Setup _ O %
Preset | Fluid/Amorphous NPT Equilibration v (modified) #ofJobs: 4 [B—J =
bl [struch.

1st job | =
Ensemble Minimize N 300 L

Simulation time [ps] |10. # of snapshots From parent

[[JFree boudnary condition Precision Medium v Details...

2nd job +

Ensemble NVT v Temperature [K] m 1

Simulation time [ps] |10. # of snapshots _ andom v
[[]Free boudnary condition Precision Medium v Details.

3rd job T

Ensemble NPT v Temperature [K] >1

Simulation time [ps] E # of snapshots _ Tom parent v
["]Free boudnary condition Precision Medium v

Reset... Import... [¥ | Export...
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B. Execution of Calculation

A. Once the status of the three work folders from workl LMP_MIN to work3_LMP_NPT
changes to END or END(-), click [¥f (Workflow Setup) again.

If prompted with 'Do you want to continue from previous run?’, click Yes.
C. Select work3_LMP_NPT and click OK.

o

(@ select working folder - O X

Select the working folder which you want to continue the job from

et "
i anﬁtt Mame Status Profile Output Location Descripl
m'urﬁng Fﬂld Brs Ell:ln g) - work] LMP MM EMD Local Job Local
ﬁx‘ Dptlnns ' b work? LMP VT EMD Local Job Local
= workd LMP NPT EMD Local Job Local
€ work1_LNP_MIN END
= workZ_LMP_NWT END
L work3_LMP_HPT END

< A >
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B. Execution of Calculation

A. Change Preset to 'Fluid/Amorphous NPT Production.'
Modify the settings as follows:

— Change Temperature of 1st job to '250.'

— Change Simulation time of 1st job to '100."

C. If you want to decrease the calculation accuracy to finish the computation faster, change
Precision of 1st job to 'Low.'

D. Click Details:--.

o

@ LAMMPS Workflow Setup — O P4

Preset  Fluid/Amorphous NPT Production ed) #ofJobs: | + ll—] -

Continue from work3_LMP_NPT Enable parameter fstructure scan Config...
1st job + - ~

Ensemble NPT Temperature [K] atm] 1.
Simulation time [ps] hapshots Initial velodty  From pm.-.t/i >
[C]Free boudnary condition Precision Medium v | Details... (

\ W

Reset... Import... |V Export... 0K Cancel
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B. Execution of Calculation

In LAMMPS Keyword Setup window,
change Pressure control in Basic tab to 'xy".

Move to Non-equilibrium(1) tab and
modify the settings as follows:

— Check Enable elongation.
— Change Eng. Strain Rate to '1e-5."

Click OK to close LAMMPS Keyword Setup
window.

Click OK in
window.

In Job Setting window, modify the settings as
needed and click Run.

LAMMPS Workflow Setup

@ LAMMPS Keyword Setup — O X

Preset v
Restraint Additional Commands Manual entry Options
Basic Output Interaction Non-equilibrium (1)

Unit/Format/Po ial Temperature Coupling

Units real v | Temperature [K] 250

Atom style full v|  Tdamp [fs] 100.

Pair style lijcutfcoullong | [[]Use berendsen thermostat

Force field/Potential file  Dreiding v | Pressure Coupling

Run Control Pressure control [ev

Time step [fs] [1 l Pressure [atm] :ﬁ.so

¢ of e stes — -

Total time [fs]: 100,000

[[] use berendsen barosta

@ LAMMPS Keyword Setup

Preset

Restraint Automatic
Basic Advanced

Elongation

[ Enable elongation

[] Affine transformation
Eng. strain rate [1/fs]
Max eng. strain: 1.000

[[Ipreserve volume
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- O *
v
Additional Commands Manual entry Options
Output Interaction Non-equilibrium (1
Simulated Annealing

[JEnable simulated annealing

Pressurization

[C]Enable pressurization

14



C. Analysis of Results

A. Once the status of 'work4_LMP_NPT' changes to either END or END(-), click on
'work4_LMP_NPT' and then click Energy plot under Action.

B. In Energy Terms, check both Pzz and EngStrei. Also, check Block Average and
change Size to 10.

Click Draw, then click Options | Export csv & Open Excel.
D. Click Save in Save As dialog.

O

@ Energy Plot (pe_elong.wmpjdata\work4_LMP_NPT\Imp.log) — ] x
¥ Project
. N T L
Working Folders (pe_elong) Options ¥ LAMMPS Energies E‘e Lrgy sme
 J
Oz
Fzz |:| Pxx
work1_LMP_MIN EWD ‘ ClPyy
b work2_LMP_NYVT END M Pz
L work3_LMP_HPT EHD = L
© - ka_LHP END 5 = =
worRSty - O e_mol
. [J €_bond
'_EE Uk ‘ [ E_angle
= ‘ [ E_dihed
[] E_impro
i v_EngStrain v
Action (work4_LMP_NPT) < >
4
1 coordinate (Inibal) [ABlock Average
1 Coordinate (Final)
& Lo 000 2000000 4000000 60000.00 8000D.00 100000.00 Calcave | []Calc Stdev and diift
Log (Extracted) Time (k) Reload
H animaton /I Show seting Refesn e -
|. Energv plot Rl i H ] Copy Image
[« Radial Distribution Function \ l - 1 @ ' m; * Export csv & Open Excel...
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C. Analysis of Results

A. Plot the third column and the column obtained by multiplying the second column by -
1 (here referred to as column D). This corresponds to the strain-stress curve (S-S

curve).
(Here, the lower limit of the y-axis is set to 0 for plotting.)
il B C D E F G H I J K L

175 94690 -1209.42| 0.9469| 1209.42
176 94890 -1147.87| 0.9489| 1147.865 +
177 95090 -893.406( 0.9509| 893.4062| | V%

o O o)
1800

178 95290 -999.587| 0.9529| 999.5867 1400
179 95490 -956.997| 0.9549| 956.9967 1200
180, 95690 -528.636] 0.9569| 528.6356 1000
181 95890 -1064.54| 0.9589| 1064.544| O s00
182 96090 -921.441] 0.9609| 921.4413 500
183 96290 -1197.64| 0.9629| 1197.639 200
184| 96490 -597.295| 0.9649| 597.2949
185 96690 -430.674] 0.9669| 430.6738 .
186/ 96890 -995.589|  0.9689| 995.5892 0 0.2 0.4 06 0.8 1 12

187 97090 -497.13| 0.9709] 497.1305
188 ar2an 101213 0a72al 1012133

200

References: Hossain, D., Tschopp, M.A., Ward, D.K., Bouvard, J.L., Wang, P., Horstemeyer, M.F, Polymer, 51
(2010) 6071-6083.
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C. Analysis of Results

A. Return to Winmostar, close Energy Plot window by clicking Close.

B. Click 'work4_LMP_NPT' in Working Folders and then click [H Animation under
Action. After a few seconds of processing, an area to control the animation will

appear.
C. Click Open Vlewer
¥ Recentprojects =] work4_LMP_NPT Input Fie (mp.data) ¥ Animation
Project Status N= 6,040 C2000H4040 M= 28,094 32 ﬁe,"é", 17251 e
Marked Order. 6040 - 1-0-0 Ay
® —— ALhas Marked Atom: X= 8.813134 Y= 40.628155 Z= 25.3059 , e Speed
ki el H3 Length= 21.87898 Angle= * Dihedral= * Lper= * i AR
,%u. ey 4 R TIMESTEP 0 t=0 fs S |
T TIMESTEP 400 t= 400 fs .
TIMESTEP 800 t=800 fs
¥ Project a TIMESTEP 1200 t= 1200 fs
Working Folders (pe_elong) | Options V| o
Name Status
wor k1_LMP_MIN END =K
& work2_LMP_NVT END
& work3_LMP_NPT END °
A © “ workd_LMP___ END @
Action (work4_LMP_NPT)
1 Coordinate (Initial) | ~ -
A Coordinate (Final) = E
= Log & i ; :
— i) 6033 H 12.0618 38.9070 24.4463 2
Log (Extracted) 5 6034 C  10.2582 39.8598
s > 8035 C  9.6680 39.9523
B = o 8036 H  9.3533 39.7530
[ Energy plot ' 'H BT H 108718 40,8817
(= Radal Distrbution Function = v ST T B iD.3144 16,0780
T Force Fleld ailable (LAMMPS) - - ¢ I
< Diffusion Constant/MSD a y  Charges Availabile: User (Qtot=0.00,Qrms= 0.060) & CloptFlag  [charge [JName [Spin Density
[ scattering Function rho= 0698447 g/cm3 i e L
= a= 40.573708 b= 40.573708 c= 40573708 e Lo (adllEo
Static Dielectric Constant alpha= 90.00000 beta= 90.00000 gamma= 30.00000 Coordinate 8.813134 |40 628155 ]zs 3059 |
Em”m"e | & - [ OptFag 1 “l = =
Bi= + 1%
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C. Analysis of Results

A. Click View | Representations in the launched Winmostar Viewer.

o

In Representations window, check Rainbow.

C. Click m button in the top left of Winmostar Viewer window to observe the

polymer being stretched.

@ ..mpjdata\work4_LMP_NPT\Imp.data - Winmostar Viewer V11.... —

View Help
A Representations...
or Perspective
[ - Background Color >
Molecular Representation >

+ Show Animation Control Panel
Automatic Rotation

Copy Image

@ Winmostar Viewer V11.1.0 ..mpjdata¥workd_LMP_NPT#lmp.data — O >

Eile View Help

|
1 251 251

ce (@) Loop () Round

= §
EG IF | Close

C
L

R
AR
T

"ﬁ_‘;:«.-"f*g ¥
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Representations >
Orbit/Rotate
®omit OxX Oy OZ

Periodic Boundary Condition

() Mone () Atom (@) hdal

Group by
(®) Malecule O) Composition
1 wl| |Blue
1 [+ | |Red  w
3 w| |Magen
I w | |Lime
5 w| |Cwan o
B w| |Yellaw
7 - | [White <
] w | |Brown
9 | |Gray o
] Rainbaw  []Gald
[ 5teren ] Enantiomer
Para Crosg Anag
shit [¢ > [0
Fot [¢ = [0

H [ Dummy [] Backbone

Crndma e Mo Dmmibiman
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Finally

« For detailed information on each feature, please refer to Winmostar User Manual.

Indicates a character st

Winmostar User Manual Scenes from Winmostar Training Session

« If you wish to practice the contents of this guide, please consider
attending Winmostar Introductory Training Session, Winmostar Basic Training Session,
or Individual Training Session. (See page 2 for details.)

« If you are unable to proceed as instructed in this guide, please first
consult Frequently asked questions.

« If FAQs do not resolve your issue, for the purposes of information accumulation and
management, please contact us through Contact page, detailing the steps to
reproduce the issue and attaching any generated files at that time.
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