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Abstract  

In order to compare COMPASS and PCFF in calculating the micro mechanical behaviors of 

aramid fiber, the molecular dynamic method was employed to establish the COMPASS-based and 

PCFF-based PMLA models in Materials Studio (MS) software. There were 10 models in each force 

field, all of which underwent structural optimization and relaxation processing. After every model 

reached the state of energy minimization, the molecular dynamics simulation was carried out. The 

simulation results demonstrate that compared to PCFF, COMPASS is less erroneous, more reliable 

and with more uniform results in calculating the mechanical behaviors of aramid fiber by means of 

molecular dynamics. 
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1. Introduction 

As the computer simulation theories mature and the modern computer technology develops 

rapidly, the computer simulation technology has made further progress [1, 2]. Highly dependent 
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on computer, molecular simulation is also called "computer experiment" or "computer simulation". 

With the parameterization of force field, this technology becomes more mature [3]. Molecular 

simulation is the modelling of physical or chemical processes to explain experimental phenomena 

and test experimental feasibility [4]. Molecular simulation methods can be divided into quantum 

mechanics and statistical mechanics, and the latter one includes molecular mechanics (MM), 

molecular dynamics (MD) and Monte Carlo (MC) [5]. With MD, the equilibrium state and dynamic 

properties of models can be obtained, and some high energy barriers can be crossed to search larger 

conformation space for the lowest energy conformation. Therefore, we select MD as our simulation 

approach. 

Due to its special paper structure and excellent mechanical, electrical and chemical properties, 

meta-aramid insulation paper is widely applied in the fields of communications, electric 

engineering, military project, etc. [6] Researches on aramid insulation paper gradually mount up 

[7, 8]. Literatures [9, 10] are such studies based on molecular simulation. As force field is the basis 

of molecular dynamic simulation, force field selection determines how accurate the simulation 

result will be [11, 12]. COMPASS and PCFF are two commonly-used force fields in molecular 

dynamic simulation. Yet there is no clear-cut reports on which one is better for the molecular 

dynamic simulation of aramid fiber models. 

In this paper, the MS software is used to compare COMPASS and PCFF by means of 

molecular dynamics. There are 10 models in each force field, all of which undergo structural 

optimization and relaxation processing. After every model reaches the state of energy minimization, 

the molecular dynamics simulation is carried out. We think that shorter mechanical wavelength 

corresponds to smaller deviation between the measured value and the mean value as well as more 

uniform and reliable simulation result. The force field that obtains shorter mechanical wavelength 

is the desired force field. 

 

2. Model Construction 

Firstly, the Visualizer module in the MS software is employed to simulate the meta-aramid 

fiber amorphous model whose degree of polymerization (DP) is 10. Then, we build up 20 such 

models in the Amorphous Cell module, half in COMPASS and half in PCFF. These models 

undergo energy optimization and relaxation processing in the Discover module, after which all of 

them are in the steady state. Then, we carry out molecular dynamic simulation on them, calculating 

the mechanical parameters in the two force fields. The number of chains of aramid fibers is 2 and 

the target density of the model is set as 1.2 g/cm3. 
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(a) PCFF force field 

   

(b) COMPASS force field 

Fig.1. The MPIA Fiber Dynamics Model 

 

3. Simulation Methods and Parameter Settings 

After the models are established, the model energy is so high that we need to relax them. For 

relaxation process, the temperature is increased from 300K to 600K first, and then returns to 300K. 

The relaxation process is repeated every 100K at the medium convergence level by means of smart 

minimizer optimization, with the maximum iteration time of 5,000. The molecular dynamic 

simulation will be conducted after the relaxation process is completely finished. 

The simulation is undertaken in the Discover module. With the NVT ensemble, the relaxed 

model is simulated at the time of 200ps and the temperature of 363K; then, the NPT ensemble is 

used for simulation at the same time length under the standard atmospheric pressure. The initial 

molecular velocities are sampled in accordance with Maxwell distribution, and the solution of 

Newton equation is found by using leapfrog/velocity Verlet method. The dynamic data is collected 
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every 5,000 steps for data analysis. Under the two ensembles, the simulated time step is 1fs, the 

cut-off radius is 9.5Å, and the spline width is 1Å. 

In the simulation process, the Andersen thermostat [13] and Barendsen barostat [14] are used 

to maintain constant temperature and pressure, while the Atom Based approach is used to calculate 

Van der Waals forces. For other parameters, please refer to the literature [10]. 

 

4. Results and Discussion 

4.1 Evaluating Energy Optimization 

The fluctuating range of model energy and temperature is one criteria to decide whether the 

model energy is optimized in molecular dynamic simulation. Generally, if the temperature and 

model energy fluctuate within the range of 5%-10%, the model energy can be regarded as reaching 

the optimal state [15]. Model energy mainly includes potential and non-bond energy, and the final 

temperature is 300K. According to Figure 2, the temperature fluctuates little around 300K; the 

energy fluctuates greatly the time before 100,000ps and then levels off. If judged by the equilibrium 

of complex wave system, the meta-aramid fiber amorphous model has reached the equilibrium 

state, meaning that the simulation result is reliable. 

 

 

Fig.2. Energy and Temperature Fluctuation Curves 

 

4.2 Mechanical Parameters 

From the elastic mechanics we can see that the most general relationship between the stress 

and strain of the solid materials can be expressed by the generalized Hooke's law: 
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where Cij is a 6×6 elastic coefficient matrix element, at a total number of 36 according to formula 

(1). All the mechanical parameters of the material can be derived from its elastic coefficient matrix, 

where σ is stress, ε is strain, τ is shear stress, and γ is shear strain. For the anisotropic material, 

there is only 21 independent elastic coefficients due to the presence of elastic strain energy which 

lets Cij=Cji; for isotropic body, there are only two independent elastic coefficients C11 and C12. The 

mechanical parameters of the material can be calculated based on elastic mechanics: bulk modulus 

(K), shear modulus (G), Poisson's ratio (ν), tensile modulus (E), K/G value (the ratio of bulk 

modulus to shear modulus) of the material can be calculated according to the elastic mechanics. 

Modulus and shear modulus ratio), Cauchy pressure (C12-C44) (denoted herein with C), etc. These 

parameters can be used to represent various mechanical properties of materials [16]. The inverse 

matrix of the elastic coefficient matrix is found, with Sij denoting the inverse matrix element. Then, 

the mechanical parameters are obtained according to the Reuss value [17, 18]. 
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4.3 Simulation Results Analysis 
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Models that are established in the same force field have different initial energies. Figure 3 

shows the data of model energy in COMPASS and PCFF, respectively. The parameter value will 

vary in different force fields by means of molecular dynamic simulation, which means that the 

simulation result will have a deviation. We think that the deviation is caused by force field 

parameters. If the deviation is small in a force field, it means that the random error is small, and 

the simulation result is highly reliable. In this case, it requires less times of verification and shorter 

simulation time. 

 

(a)                                                              (b) 

Fig.3. The energy Data of all Models by Using Dynamic Simulation at the Temperature of 

298K in COMPASS (a) and PCFF (b), Respectively 

 

Through the analysis of the mechanical results of all models, we obtain the deviation value of 

mechanical parameters (as shown in Figure 4). 

 

 

(a)                                                        (b) 

Fig.4. The Deviation of Mechanical Parameters in Different Force Fields 
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It can be seen from Fig. 4 that the fluctuation amplitude of K, G, E, v deviations calculated in 

PCFF is larger than those in COMPASS, except for the fluctuation amplitude of C. However, the 

deviation of C in both force fields is within the range of 0-0.004GPa, which is so small that exerting 

little influence on the final calculation result. In other words, the C value can be calculated in either 

force field. In general, compared to PCFF, COMPASS is less erroneous, more reliable and with 

more uniform results in calculating the mechanical behaviors of aramid fiber by means of 

molecular dynamics. 

 

Conclusion 

The molecular dynamic method is employed to compare COMPASS and PCFF in calculating 

the micro mechanical behaviors of aramid fiber. The corresponding dynamic simulation results 

demonstrate that: 

(1) According to the energy optimization criterion, the aramid fiber amorphous model has 

reached the equilibrium state and the simulation results are reliable. 

(2) Models that are established in the same force field have different initial energies. The 

deviation is caused by force field parameters. 

(3) Compared to PCFF, COMPASS is less erroneous, more reliable and with more uniform 

results in calculating the mechanical behaviors of aramid fiber by means of molecular dynamics. 

 

Acknowledgement 

The authors acknowledge support from the Scientific Research Project 

(SGCQDK00PJJS1600108) funded by the State Grid Chongqing Electric Power Co. Chongqing 

Electric Power Research Institute, for the work presented in this paper. 

 

References 

1. X. Tian, Deployment algorithm using fluid dynamics for agriculture sensor networks, 

Modelling, 2016, Measurement and Control B, vol. 85, no. 1, pp. 175-185. 

2. G. Leonidopoulos, Modelling and simulation of electric power transmission line current as 

wave, 2016, Modelling, Measurement and Control A, vol. 89, no. 1, pp. 1-12. 

3. Y. Ren, J. Yang, D. Wu, Z. Li, A. Tian, Progress in molecular force field, 1998, Chemical 

Research and Application, vol. 10, no. 1, pp. 1-14.  



445 

 

4. J. Xie, C. Tang, X. Li, Q. Zhou, J. Xie, D. Hu, Force field properties in molecular simulation 

of amorphous region in cellulose insulation paper, 2016, Oxidation Communications, vol. 39, 

no. 1A, pp. 1236-1246. 

5. Y. Cheng, X. Xie, X. Chen, H. Cui, W. Feng, L. Zhao, A preliminary study under extreme 

conditions of high temperature molecular simulation technology based on the dielectric 

properties of materials, 2006, Transactions of China Electro Technical Society, vol. 21, no. 4, 

pp. 1-6. 

6. M.J Jenkins, K.L Harrison, The effect of molecular weight on the crystallization kinetics of 

polycaprolactone, 2006, Polymer for Advanced Technologies, vol. 17, no. 6, pp. 474-478.  

7. Z. Li, X. Cheng, S. He, X. Shi, L. Gong, H. Zhang, Aramid fibers reinforced silica aerogel 

composites with low thermal conductivity and improved mechanical performance, 2016, 

Composites: Part A, vol. 84, no. 3, pp. 316-325. 

8. C. Lin, J. Wang, M. Zhou, B. Zhu, L. Zhu, C. Gao, Poly (m-phenylene isophthalamide) (PMIA): 

A potential polymer for breaking through the selectivity-permeability trade-off for 

ultrafiltration membranes, 2016, Journal of Membrane Science, vol. 518, pp. 72-78. 

9. X. Li, C. Tang, Q. Wang, X. Li, J. Hao, Molecular simulation research on the micro effect 

mechanism of interfacial properties of Nano SiO2/meta-aramid fiber, 2017, International 

Journal of Heat and Technology, vol. 35, no. 1, pp. 123-129.  

10. C. Tang, X. Li, F. Yin, J. Hao, The performance improvement of aramid insulation paper by 

nano-SiO2 modification, 2017, IEEE Transactions on Dielectrics and Electrical Insulation, vol. 

24, no. 4, pp. 2400-2409. 

11. P. Yang, Y. Sun, Method of molecular dynamics simulation and its application, 2009, Journal 

of Anhui Normal University (Natural Science), vol. 32, no. 1, pp. 51-54.  

12. X. Wang, C. Tang, Q. Wang, X. Li, J. Hao, Selection of optimal polymerization degree and 

force field in the molecular dynamics simulation of insulating paper cellulose, 2017, Energies, 

vol. 10, no. 9, pp. 1377. 

13. T.A. Andrea, W.C Swope, H.C Andersen, The role of long ranged forces in determining the 

structure and properties of liquid water, 1983, Journal of Chemical Physics, vol. 79, no. 9, pp. 

4576-4584. 

14. H.J.C Berendsen, J.P.M Postma, W.F.V Gunsteren, A. Dinola, J.R Haak, Molecular dynamics 

with coupling to an external bath, 1998, Journal of Chemical Physics, vol. 81, no. 8, pp. 3684. 

15. L. Xia, Molecular dynamics simulations of the structures and properties of highly energetic 

materials, 2008, Soochow University, Master Thesis. 



446 

 

16. J. Wu, Elasticity, 2001, Higher Education Press: Beijing, China, pp. 54-70. 

17. J.P Watt, G.F Davies, R.J O'Connell, The elastic properties of composite materials, 1976, 

Reviews of Geophysics, vol. 14, no. 4, pp. 541. 

18. M. Zhu, Y. Chen, C. Gu, R. Liao, W. Zhu, X. Du, Simulation on thermodynamic properties of 

amorphous cellulose based on molecular dynamics, 2015, High Voltage Engineering, vol. 41, 

no. 2, pp. 432-439. 


