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Abstract 

In the design of protected vehicles there is a constant trade-off between mobility, protection, and cost. 

To protect against increasing threat levels, designers are usually required to use armour materials with 

increased mass and thickness. However, this has a negative effect on the vehicle’s mobility. Reducing 

the mass of armour plates for the same level of protection usually requires the use of more expensive 

materials, thus increasing the cost. The aim of this project was to investigate how the areal density of 

armour plates, used for vehicle protection against a NATO Level 3 ballistic threat, can be reduced whilst 

still maintaining the required level of threat protection, and optimising cost by exploring varying 

material layers in a composite armour plate assembly. This work used computational modelling to 

evaluate protection capabilities of various combinations of lower cost materials that were then 

manufactured and tested. The test plate combination initially selected were based on the published 

computational work of Rahman et al., [2]. These proposed, multilayered, plates computationally 

provided a reduction in aerial density of 12% compared to equivalent homogeneous amour steel plate. 

Additional plate combinations, using Strenx 700E Al-7075-T6 with Kevlar and Dyneema layers, were 

proposed and computationally evaluated and assessed. These multilayered plates were then 

manufactured and subjected to ballistic tests against NATO level 3 (7.62 x 51 mm Tungsten Carbide 

(WC)) armour piecing rounds. None of the proposed and computationally verified plates provided the 

required ballistic protection. The main reason for this is ascribed to the application and use of only 

published material parameters and the implementation of the failure model. 
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1. Introduction  

In recent times, there has been an increased interest in using multilayered plates for the protection of 

structures from ballistic and explosive threats [1–12]. The advantages of using multilayered plates are 

that the protection can be optimised to utilise the strengths of the different materials to prevent 

perforation, damage, and shock, whilst potentially reducing the density and mass of the overall plate. 

There may also be significant benefits in the manufacture and repair [11] of multilayered plates as 

opposed to their monolithic counterparts, especially as the monolithic thick armour plates are not always 

manufactured to the specified nominal dimensions [3,8]. There is also a continual drive to reduce the 

cost of protection provided by armour plates as high quality, monolithic armour plate is significantly 



more expensive than structural steels. This has specific relevance in the design of protected vehicles 

where there is a constant competing trade-off between mobility, protection, and cost.  

Several researchers have investigated the performance of single monolithic plates versus layered plates. 

However, the literature shows that there is still some debate as to whether a layered plate configuration 

can offer equal, or better, protection to an equivalent thickness monolithic plate, noting that this would 

be comparing the plates performance based on a specific monolithic plate thickness to provide 

protection against a specific threat level as detailed in [13,14]. 

Dey et al., [6] investigated the ballistic performance of single and double layer Weldox 700E plates 

impacted by blunt and ogival projectiles at sub ordnance velocities. Their findings showed that for a 

total target thickness of 12 mm, the double layer target plate performed better than the single layer 

monolithic target plate when impacted with a blunt projectile. However, for an ogival projectile, the 

performance of the layered plates was slightly worse than its monolithic counterpart. This research 

highlighted that the type of projectile can affect the protection level offered by a specific target plate(s) 

as well as the fact that the failure mechanism can change, depending on the target plate configuration. 

These findings have been numerically verified for double layered plates of the same metal in [11] as 

well as for layered plates of different materials in [9]. 

In stark contradiction, Wei et al. [5] showed that the ballistic performance of a monolithic plate target 

was better than its layered counterpart when impacted with a blunt projectile which is consistent with 

the findings in [7,10] for sub-ordinance velocities. As such, there is still a question as to whether using 

layered plates, of the same or differing material types, offers any benefit in terms of ballistic 

performance compared to an equivalent thickness monolithic plate, particularly for impact velocities 

above 500 m/s. It is evident, however, that using layered plates, and the order in which the plates are 

layered, can affect the failure mechanism of the plates [5,9] and the ballistic performance. 

As such, layered armour plates, specifically using different materials, are currently an interesting area 

of research as they can offer significant weight and / or cost savings. Rahman et al. [2] numerically 

investigated the penetration resistance of different plate configurations against a 7.62 APM2 round at 

various velocities, to determine whether any of the plate configurations could meet the ballistic limit of 

930 ± 20 m/s specified in [13,14] for a level 3 threat, whilst reducing the overall areal density of the 

plate configurations, when compared to a monolithic armoured plate of 25 mm thickness. The authors 

investigated using high strength steel and Al7075 T6 layered plate configurations to stop the specified 

projectile. These computational results by Rahman et al. [2] showed that the areal density could be 

reduced by 20% and still meet the ballistic limit requirements, with triple layered plate configurations 

performing better than the equivalent areal density double-layered plates. 

The  work reported in this paper aimed to build on the computational work of Rahman et al. [2] and 

determine whether double and triple layered plates, constructed from lower cost and lower density 

materials, can be used to meet the NATO Level 3 requirements [13,14] for both a 7.62 APM2 and 7.62 

x 51 mm APWC bullet. Both experimental and computational analysis have been used, with the 

computational models based solely on material data available in published literature. The experimental 

method applied was to validate the computational threat penetration model, design and test selected 

plate combinations based on computational results and additional post-test computational modelling 

with the WC ballistic threat. 

 

 



2. Validation of Numerical Modelling 

To validate the ballistic model of a 7.62 APM2 round impacting a target plate, literature data [3,4,12] 

was used to simulate a 7.62 APM2 round impacting a monolithic 12 mm Weldox 700E target and a 

monolithic 20 mm Al7075 T651 target, at various velocities, however bullet rotational velocity was not 

considered following literature [3,4,12].  

A finite element model (FEM) of the 7.62 APM2 projectile was created using quarter symmetry in 

Ansys Explicit Dynamics, as shown in Figure 1, with a mesh size of 0.4 mm being used for both the 

projectile and the region of interest on the target plates. As far as possible, only 8 node hexahedral 

elements were used for the meshing. The mesh size was determined by running convergence studies on 

both the plate and the projectile.  

     

Figure 1: Quarter symmetry model of 7.62 APM2 bullet and target plate. 

The Johnson-Cook (JC) constitutive model [15] presented in Equation (1) was used to model the 

material behaviour of both the bullet and the target plates. 

 𝝈 =  [𝑨 + 𝑩𝜺𝒏][𝟏 + 𝑪𝒍𝒏𝜺̇∗][𝟏 − 𝑻∗𝒎] (1) 

In Equation (1), 𝜎 is the von Mises flow stress, 𝐴 is the yield stress, 𝐵 and 𝑛 represent the effects of 

strain hardening, 𝜀 is the equivalent plastic strain, 𝜀̇∗ is the dimensionless plastic strain at a specific 

strain rate 𝜀0̇, 𝑇∗ is homologous temperature and 𝐶, 𝑚 are material constants. The material properties 

used in the validation models are shown in Table A1, Appendix A. 

For the target plates, the JC failure model [16] in Equation (2) was used to model the material failure of 

both the bullet and the target plates. 

 𝜺𝒇 =  [𝑫𝟏 + 𝑫𝟐𝒆(𝑫𝟑𝝈∗)][𝟏 + 𝑫𝟒𝒍𝒏𝜺̇∗][𝟏 + 𝑫𝟓𝑻∗] (2) 

In Equation (2), εf is the fracture strain, D1 - D5 are material constants and 𝜎∗ is the dimensionless 

pressure-stress ratio. The material constants used for the failure model are shown in Table A2, Appendix 

A. The material and failure parameters used for the Weldox 700E plate were taken from [12,17] whereas 

the properties for Al7075 T651 were taken from [18] as the JC failure parameters were not available in 

the original papers [3,4,12] as a different failure criterion was used. 

 



In ballistic testing and simulation, the ballistic limit (𝑣𝑏𝑙) is important as it gives an indication of the 

maximum velocity that a protective plate can stop for a specified bullet type. A common way of 

predicting the 𝑣𝑏𝑙, based on experimental work, is using the Recht-Ipson model [19] in Equation (3). 

 𝑽𝒓 = 𝒂(𝑽𝒊
𝑷 − 𝑽𝒃𝒍

𝑷 )
𝟏
𝑷 (3) 

In Equation (3), 𝑉𝑟  is the residual velocity, a is constant which is set to 1 when no plugging occurs during 

penetration, 𝑉𝑖 is the impact velocity and P is a fitting constant. 

Using in Equation (3) for determining the 𝑣𝑏𝑙, simulations were run by impacting both the 12 mm 

Weldox 700E plate and the 20 mm Al7075 T651 plate with a 7.62 APM2 bullet at increasing velocities 

until the 𝑣𝑏𝑙 could be determined. These results were then compared to the experimental and Recht-

Ipson values from literature [3,4,12], and presented in Figure 2. For the Weldox 700E target plate results 

shown in Figure 2A, the difference in predicted and experimental 𝑣𝑏𝑙 value was 2.1%. Note also the 

small difference between the P value for the Recht-Ipson fits to the experimental data from literature 

[3] and the simulation. The Aluminium 7075 T651 target plate results in Figure 2B show a larger 

disparity with a predicted 𝑣𝑏𝑙  8.3% higher than the 𝑣𝑏𝑙 determined using the experimental data from 

[4]. This disparity is also reflected in the P values. Given that previous results showed an overestimation 

of 4% for the 12 mm Weldox 700E Plate and 11% for the 20 mm Al 7075 T651 plate [3], these results 

were considered acceptable validation of the combined bullet and target model. 

   
Figure 2: Comparison of experimental results [3,4,12] and simulation results for  a 7.62 APM2 projectile impacting 

(A) a 12 mm Weldox 700E plate and (B) a 20 mm Al 7075 T651 plate.  

 

3. Design of Target Plates 

Using the results of the work in [2] and the authors validated 7.62 APM2 and plate models, the eight 

different panel configurations shown in Table  were simulated at an impact velocity of 930 m/s from a 

7.62 APM2 bullet. The protection plates comprised a combination of lower cost armoured steel Strenx 

700F, Aluminium Al7075 T6 and Dyneema® resin matrix panels. The predicted potential reduction in  

areal density is shown in Table  and is based on the specified areal density of 196.5 kg/m2 for a 25 mm 

monolithic plates specified in [2]. These plate configurations offered significant weight and cost savings 

as lower cost steel and less dense materials were chosen. For these targets, the material properties and 

the failure constants used in the simulations were taken from literature, as experimental data was not 

available at the time of writing, and are shown in Table A2 and Table A3 noting that the aluminium 

material and related failure model parameters differed from the validation model.  



The image results of these simulations for all combinations listed in Table  showing the final position 

of the projectile are shown in Figure 3. Only plate combinations B4 and C1 did not stop the bullet at 

930 m/s, and full penetration occurred. For plate combination A2, A3 and B3, partial penetration 

occurred but the bullet was still effectively stopped. Based on these results, and despite the predicted 

perforations it was decided to physically manufacture and test all these panel configurations. 

Table 1: Description of target plates showing the predicted reduction in areal density for each plate configuration. 

Code Description Layers Bonded Areal density (kg/m2) Reduction in areal density 

A1 16 mm Strenx 700E-10 mm Al7075 T6 2 No 145.14 26.1% 

A2 8 mm Strenx 700E-10 mm Al7075 T6-8 mm Strenx 700E 3 No 146.44 25.5% 

A3 8 mm Strenx 700E-10 mm Al7075 T6-8 mm Strenx 700E 3 Yes 146.44 25.5% 

B1 16 mm Strenx 700E-9 mm Dyneema 2 Yes 134.40 31.6% 

B2 8 mm Strenx 700E-9 mm Dyneema-8 mm Strenx 700E 3 Yes 134.40 31.6% 

B3 16 mm Strenx 700E-9 mm Aramid 2 Yes 136.67 30.4% 

B4 8 mm Strenx 700E-9 mm Aramid-8 mm Strenx 700E 3 Yes 136.67 30.4% 

C1 8 mm S355JR-10 mm Al7075 T6-8mm S355JR 3 No 150.90 23.2% 

 

 

 

Figure 3: Images of simulations of designed target plates, Table , versus 7.62 APM2 bullet showing if the bullet was 

stopped (A1, B3) at 930 m/s or if the plates were partially penetrated (A2, A3, B1) or fully penetrated (B2, C4). 

 

 
4. Ballistic Testing 

All the plate configurations shown in Table  were manufactured and then tested by ARMSCOR. During 

testing, only the 7.62 x 51 mm Armour Piercing Tungsten Carbide (APWC) bullet was available, and 

only one velocity was used, namely 930 ± 20 m/s. The target plates were manufactured to dimensions 

of 300 mm x 300 mm and a maximum of 3 shots were allowed per target plate. The target plates were 

placed in a frame, 30 m from the barrel. During testing, the 𝑉𝑖 and 𝑉𝑟  were determined by using Tema 

Pro T2023a-64 software to analyse the test videos recorded using a Photron SA4 high-speed camera.  

The average results of the ballistics tests carried out are shown in Table .  



As shown in Table , at a nominal impact velocity of 930 ± 20 m/s not one of the panel configurations 

was able to stop the 7.62 x 51 mm APWC round. Interestingly, for target plates A1, A2 and A3, the 

ballistic performance of the triple layered plates was better than that of the double layered plate, with 

the bonded triple layered plate having the lowest average residual velocity value. In contrast, when 

composite materials were used instead of the Al7075 T6, the double layered plates performed better 

than the triple layered plates.  

Table 2: Average results of ballistic testing. 

Target Plate Average Impact Velocity (m/s) Average Residual Velocity (m/s) Number of Shots 

A1 912.9 461.0 6 

A2 928.4 452.1 6 

A3 915.3 428.8 3 

B1 917.9 565.6 3 

B2 915.7 596.0 3 

B3 929.5 585.1 3 

B4 923.0 635.0 3 

C1 917.0 493.0 3 

 

Inspection of the plates post-impact revealed that the Al7075 T6 material exhibited a significantly 

different failure behaviour when sandwiched between two Strenx 700E (A2, A3) plates to being placed 

at the unsupported rear layer of the target plate (A1). The exit material failure appears brittle on target 

plate A1 as opposed to the more ductile failure features evident on the sandwiched A2 and A3 

configurations. These exit hole material failures are shown in Figure 4.  

               

Figure 4: Aluminium plate exit hole images from target plate (A) A1 and (B) A2 plate configuration showing the (a) 

plate surface and (b) plate section.  

 

5. 7.62 x 51 mm APWC simulations 

On completion of the experimental testing, it was clear that the modelled 7.62 APM2 bullet penetration 

performance at 930 m/s impact velocity is not similar to the 7.62 x 51 mm APWC bullet at the same 

impact velocity. Further simulations were conducted to determine whether numerical modelling could 

be used to predict the experimental results for the 7.62 x 51 mm APWC bullet. The same plate material 



properties shown in Tables A1, A2 and A3 were used, however the bullet needed to be re-modelled. A 

7.62 x 51 mm bullet was weighed and sectioned and the actual measured geometry of the bullet was 

used, as far as possible, to create the new bullet model, see Figure 5. As with the 7.62 APM2 model, a 

mesh size of 0.4 mm was used for the projectile and plates and, as far as possible, only 8 node hexahedral 

elements were used. The JC material properties used for the WC projectile were taken from [23] and 

are shown in  

 

 

 

Table , noting that the density was reduced slightly to match the measured mass of the projectile. A 

standard Ansys Explicit Dynamics material model was used for the aluminium sabot. As before, 

rotational velocity of the bullet was omitted. 

 

 

Figure 5: Meshed quarter symmetry model of 7.62 x 51 mm bullet  

 

Simulations were run on each plate configurations listed in Table , at different impact velocities to 

enable the determination of the 𝑣𝑏𝑙 using the Recht-Ipson formulation [19]. Once the Recht-Ipson 

parameters had been determined using the Matlab® Curve Fitting Toolbox [24], these parameters were 

used to estimate the 𝑣𝑏𝑙 of the designed plate configurations using the actual impact velocities. The 

results of this approach are shown in  

Figure 6 for the A1, A2 and A3 and B4 plate configurations. The difference between the simulated 𝑣𝑏𝑙 

and estimated experimental 𝑣𝑏𝑙 values for these plate configurations were 14.4%, 5%, 8% and 76.9% 

respectively. A summary of the Richt-Ipson curves for the test and experimental results for all the plate 

configurations tested are shown in Table . For plates A2 and similarly for A3, the simulations emulated 

the more ductile deformation and failure the test plates underwent, whereas for plate A1, the simulation 

was unable to capture the brittle nature of the plate exit failure, as shown in Figure 7 and Figure 8. 

Table 3: Summary of simulated and estimated 𝒗𝒃𝒍 values based on 7.62 x 51 mm APWC bullet impact simulations. 

Code Simulated vbl Estimated vbl % Difference 

A1 835 730 14.4% 

A2 800 760 5.3% 

A3 810 750 8.0% 

B1 830 650 27.7% 

Aluminium Sabot 

WC Projectile 

Brass Jacket 



B2 800 618 29.4% 

B3 1048 620 69.0% 

B4 920 630 76.9% 

C1 750 690 8.7% 
 

 

 

Figure 6: Richt-Ipson plots of the simulations for plates (A) A1, (B) A2, (C) A3 and (D) B1 showing the simulation 

data, the fitted Recht-Ipson model as well as the experimental data and estimated 𝒗𝒃𝒍 of the plate configuration. 

      

Figure 7: Comparison of plate damage and deformation evident on sectioned plate (A2) versus simulation. 

 



   

Figure 8: Comparison of plate damage and deformation evident on sectioned plate (A1) versus simulation. 

 

 

6. Discussion 

It is evident from the comparison of the literature, experimental and simulated results, presented as 

Richt-Ipson plots shown in Figure 6

   
, that the computational models for the Weldox 700E plate were significantly more accurate than those 

for the Al7075 T651. This is largely attributed to the use of literature data for the JC constitutive material 

properties as well as the JC failure model for Al7075 T651 that were not the same as the experimental 

results reported in [24]. There is also a significant question about the suitability of the JC failure model 

for brittle materials, particularly as it is more commonly used for ductile materials [25]. This is 

particularly relevant for the Al7075 T651 plate which may be significantly more brittle than the Weldox 

700E plate. The results also raise the issue of whether the computational models accurately represent 

tensile failures at the free surfaces under impact loading. The accuracy of these models may also be 

improved if a failure model were used on the projectile material. Here again, when efforts were made 

to use the JC failure criterion on the WC projectile, the simulations generally ended with the projectile 

squashing into the target rather than penetrating it which once again brings into question the suitably of 

this failure model for these types of hard brittle materials. 

The simulations of the 7.62 APM2 bullet impacting the designed plate configurations were consistent 

with the results shown in [5, 9] as the majority of the plate configurations stopped the projectile at 930 

m/s with little or no penetration. The question over whether a double plate is better than a triple plate is 

still open for further investigation as the experimental results shown in this paper indicate that it largely 

depends on the materials used, the specific layering sequence and the failure mechanisms that occur in 

the individual plates. In this regard, these findings are consistent with the literature [23–25]. Evidently 

further research is required to fully understand how the failure mechanism of a plate changes depending 

on its position in the overall plate configuration and how this would affect the protection offered by 

different plate configurations. 



What is evident by comparison of the simulation results for the 7.62 APM2 and 7.62 x 51 mm APWC 

is that the WC bullet offers a significantly greater penetration threat than its APM2 counterpart. This 

can be seen on the APM2 simulations that showed that at 930 m/s the plate configurations would be 

affective in stopping the bullet whereas, for the WC simulations and experimental results, at 930 m/s, 

all the plate configurations were easily penetrated. 

Comparison of the 7.62 x 51 mm APWC simulations with the experimental results showed that all the 

simulations significantly underestimated the protection offered by the designed plate configurations. 

This is largely attributed to the material and failure models used in the computational model for the 

plate materials as well as the WC projectile. Specifically for the plates, it is evident that the failure 

behaviour of the aluminium plate changes depending on where in the plate configuration it is placed 

and, as has been shown, this behaviour has not been captured by the material and failure models used 

in the simulations.  

With regard to the WC projectile, as has been reported in the literature, measuring the high strain rate 

properties and characterising the WC projectile materials, and then creating a verified material and 

failure model that captures its behaviour adequately, is an area of ongoing research and requires more 

investigation [23,25,26].  

The simulation results for the metal-metal layered plates were useful for design purposes and can be 

used for future plate configuration developments as, particularly for the triple layered plates, the 

difference between the experimental and simulated results is acceptable. However, the plate 

configurations used in this work were ineffective at stopping the WC bullet. The results bring into 

question whether structural steel pates should be used on the impact face of ballistic protection and the 

suitability of Aluminium for this type of bullet. Similarly, using Dyneema and Kevlar panels in these 

configurations proved particularly unsuitable for ballistic protection against this type of bullet. In 

addition, it is evident from the simulation results for the Dyneema and Kevlar plates that the material 

model used in this work for these materials were not suitable. 

 

7. Conclusion 

This work has gone a long way to improving our understanding as to how, metal plates respond to bullet 

impact and provide ballistic protection. The use of computational simulations is clearly a viable option 

for future plate designs by providing protection improvement trends with multilayer panels, however, 

it is evident that the material and failure models need to be improved, and that, ideally, the properties 

of the bullets and the plate models should be experimentally extracted. 

Based on this initial computational and test work it is believed that multi-layered plates can be used to 

reduce the areal density of protection plate configurations, however, it is questionable as to whether 

structural materials will be suitable, which will have a significant cost implication, especially when 

trying to stop the WC bullet. As ever, the challenge remains to reduce the weight and cost of the plates, 

whilst still meeting the required protection level. 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

Nomenclature 

𝜀  equivalent plastic strain 

εf  fracture strain 

𝜀̇∗  dimensionless plastic strain at a specific strain rate  

𝜀0̇ strain rate 

𝜎  von Mises flow stress 

𝜎∗  dimensionless pressure-stress ratio 

a constant  

𝐴 yield stress 

𝐵  strain hardening parameter 

𝐶 material constant 

D1 - D5  material constants 

P  fitting constant. 

𝑚 material constant 



𝑛  strain hardening parameter 

𝑇∗  homologous temperature  

𝑣𝑏𝑙 ballistic limit 

𝑉𝑟  residual velocity  

𝑉𝑖  impact velocity  

 

Abbreviations 

Al Aluminium 

JC Johnson-Cook 

WC Tungsten Carbide 
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Appendix A: Material Properties used in simulations. 

Table A1: Johnson Cook material parameters used for validating the 7.62 APM2 model and the target plate design. 

 

Property 

Material 

Weldox / Strenx 

700E [12] 

Aluminium 

7075 T651 [18] 

Aluminium 

7075 T6 [20] 

Brass Jacket 

[3] 

Lead Tip 

[3] 

Steel Projectile 

[3] 

Density (kg/m3) 7850 2700 2700 8520 10600 7850 

Modulus (GPa) 210 64 64 115 1 210 

Poisson's Ratio 0.3 0.31 0.31 0.31 0.42 0.33 

A (MPa) 819 448.45 448.45 206 24 1200 

B (MPa) 308 475.808 475.808 505 3.00E+02 50000 

n 0.64 0.3948 0.3948 0.42 1.00E+00 1 

Reference Strain Rate (s-1) 0.0005 0.0001 0.0001 0.01 0.0005 0.0005 

C 0.0098 0.0012 0.0012 0.0005 0.1 0.1 

Tm (Degree C) 1527 620 620 916 487 1527 

m 1 1.29 1.29 1.68 1 1 

 
Table A2: Johnson Cook damage model parameters used for validating the 7.62 APM2 model and the target plate 

design. 

 

Constant 

Material 

Strenx 700E [17] Aluminium 7075 T651 [18] Aluminium 7075 T6 [20] 

D1 0.361 -0.428 0.3714 

D2 4.768 0.7566 -0.1233 



D3 -5.107 -3.4078 -1.9354 

D4 -0.0013 -0.003 0.0101 

D5 1.333 24.93 0 

 

 

 

Table A3: Orthotropic material parameters for Kevlar® 29 and Dyneema® HB26 

Property Kevlar® 29 [21] Dyneema® HB26 [22] 

Modulus, X (MPA) 18500 34257 

Modulus, Y (MPA) 18500 34257 

Modulus, Z (MPA) 6000 3260 

Poisson's Ratio, XY 0.25 0 

Poisson's Ratio, YZ 0.33 0.013 

Poisson's Ratio, XZ 0.33 0.013 

Shear Modulus, XY (MPA) 770 173.8 

Shear Modulus, YZ (MPA) 5430 547.8 

Shear Modulus, XZ (MPA) 5430 547.8 

 

 

 

 

 

Table A4: JC parameters of WC projectile taken from [23]. 

Property WC projectile 

Density (kg/m3) 13805 

Modulus (GPa) 620 

Poisson's Ratio 0.215 

A (MPa) 3000 

B (MPa) 89000 

n 0.65 

Reference Strain Rate (s-1) 1 

C 0 

Tm (Degree C) 1527 

m 1 

 

 


