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[bookmark: _Toc229994899]Abstract.
This study investigates the performance of shaped charges using TNT and RDX explosives with a copper liner through computational modelling in Abaqus Explicit. Two 2D axisymmetric models were developed to compare the effect of explosive material on pressure distribution, liner collapse and jet formation, followed by a 3D model of the selected design for improved realism.
The results showed that the TNT model produced higher peak pressures; however, these were short-lived and resulted in less effective liner collapse. In contrast, the RDX model produced a more sustained pressure distribution, leading to a more uniform liner acceleration and improved jet formation. Velocity results further supported this, showing that while TNT exhibited higher localised peak velocities, but RDX provided a more consistent acceleration.
Overall, the findings demonstrate that shaped charge performance is more dependent on sustained pressure and energy transfer than peak pressure alone. The RDX model was therefore identified as the most effective design, highlighting the importance of material selection and modelling approach in optimising shaped charge performance.
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[bookmark: _Toc229994903]Background 
Shaped charges are explosive devices designed to concentrate energy into a high-velocity jet capable of penetrating solid materials. This occurs due to the Munroe effect, where a cavity within the explosive is lined with a metallic material that collapses under detonation pressure, forming a jet travelling at several kilometres per second [1].
These devices are widely used in military and engineering applications, particularly where controlled penetration is required. Within Ordnance, Munitions and Explosives (OME) engineering, understanding shaped charge behaviour is essential due to the complex interaction between explosives, materials, and structural components under extreme conditions.
[bookmark: _Toc229994904]Physics of Shaped Charges
The formation of the jet is driven by the detonation wave travelling through the explosive and collapsing the liner inward. This collapse occurs at very high strain rates and results in the formation of two main components: a high-velocity jet at the front and a slower-moving slug at the rear [2].
The velocity and stability of the jet are key factors in determining penetration performance. A coherent, continuous jet will result in deeper penetration, whereas an unstable jet will break up and lose effectiveness. Factors such as liner material, cone angle, and explosive energy all influence this behaviour.
The physics involved includes shock wave propagation, plastic deformation of materials, and high strain-rate flow. These conditions are difficult to replicate experimentally, which is why numerical modelling is commonly used to study shaped charge behaviour [3].
[bookmark: _Toc229994905]Aim and Objectives
The aim of this report is to model and analyse shaped charge designs using computational methods. The objectives are:
· To review literature on shaped charges, including modelling approaches and material models
· To develop and simulate two different shaped charge designs using 2D modelling
· To compare the performance of both designs and select the most effective
· To develop a 3D model of the selected design
· To critically analyse results, including limitations and potential improvements
[bookmark: _Toc229994906]Literature Review 
[bookmark: _Toc229994907]Development of Shaped Charges 
Shaped charges have been studied extensively since their discovery in the late 19th century. Early experiments showed that introducing a cavity into an explosive charge could significantly increase its penetration capability. [2] provided one of the first detailed theoretical explanations of this effect, demonstrating how the collapse of the liner produces a high-velocity jet capable of penetrating armour.
Since then, shaped charges have been widely developed for both military and industrial applications. Research has focused on improving efficiency through optimisation of geometry, material selection and explosive properties. Advances in computational modelling have also allowed more detailed analysis of jet formation and penetration mechanisms.
[bookmark: _Toc229994908]Modelling Approaches 
Due to the extreme pressures, temperatures and deformation involved, experimental analysis of shaped charges is both difficult and expensive. As a result, numerical modelling has become a key tool in understanding their behaviour.
Lagrangian methods are commonly used as they track the deformation of materials directly. However, they can suffer from mesh distortion when modelling large deformations such as liner collapse. Eulerian methods, which allow material to flow through a fixed mesh, are better suited for modelling large deformation and jet formation but require higher computational resources.
Smoothed Particle Hydrodynamics (SPH) is another approach that represents materials as particles rather than a mesh, allowing it to handle extreme deformation effectively. However, it can introduce issues with accuracy and stability if not properly controlled.
In practice, many studies use 2D axisymmetric models to reduce computational cost before progressing to full 3D simulations for more accurate results [4].
[bookmark: _Toc229994909]Material Models in Explosive Modelling
Accurate material modelling is essential due to the high strain-rate conditions present during detonation. Metals such as copper, commonly used for liners, exhibit strain-rate sensitivity and thermal softening. The Johnson–Cook model is widely used to represent this behaviour, as it accounts for strain, strain rate and temperature effects [3].
Explosives are typically modelled using equations of state rather than traditional stress–strain relationships. The Jones–Wilkins–Lee (JWL) equation of state is commonly used to describe the pressure generated during detonation and the expansion of detonation products [5].
The accuracy of simulations is highly dependent on the correct selection of these models and their parameters. Incorrect assumptions can lead to significant errors in predicted jet velocity and formation
[bookmark: _Toc229994910]Summary
The literature shows that shaped charge performance is influenced by a combination of geometry, material properties and modelling approach. While simplified models can provide useful initial insights, more advanced techniques are required to accurately capture jet formation and behaviour.
There is also a clear trade-off between computational efficiency and model accuracy. This highlights the importance of selecting an appropriate modelling approach based on the objectives of the study.
These findings directly inform the modelling strategy used in this report, particularly the use of 2D models for initial comparison and a 3D model for final analysis, as well as the selection of material models such as Johnson–Cook and JWL.
[bookmark: _Toc229994911]Methodology
[bookmark: _Toc229994912]Modelling Approach 
Abaqus Explicit was used to analyse the behaviour of shaped charges. This method was chosen because shaped charge detonation involves very high strain rates and rapid deformation, which are difficult to study experimentally.
Two 2D models were created to compare different explosive materials while keeping the rest of the design the same. This makes it easier to understand how the explosive itself affects jet formation and overall performance.
After comparing the two designs, the better-performing model was then taken forward and developed into a 3D simulation. This allows a more realistic representation of the physical behaviour.
[bookmark: _Toc229994913]Geometry and Design Parameters
[image: ][image: ][image: ]The model consisted of three main parts. The high explosive (HE), a conical metallic liner and an outer casing. This setup reflects a typical shaped charge design, where the liner collapses under detonation to form a high-velocity jet. The different parts of the geometry can be seen below. 








Figure 1 - Casing geometry	                   Figure 2 - High Explosive geometry		            Figure 3 - Liner geometry
The geometry was kept consistent across both models to ensure a fair comparison. The only variable changed was the explosive material. The two configurations used were:
· TNT with a copper liner and a steel case
· RDX with a copper liner and a steel case
Keeping the geometry the same means that any differences in results can be linked directly to the explosive properties rather than changes in shape or dimensions.
[bookmark: _Toc229994914]Materials
[bookmark: _Toc229994915]High Explosive 
The explosive materials (TNT and RDX) were modelled using the JWL. This model describes the relationship between pressure, volume and internal energy during detonation and expansion of explosive products, making it suitable for high explosive simulations [5].
Material parameters for TNT were provided in class. The RDX material parameters were taken from literature sources [6]. This included key constants such as the JWL parameters (A, B, R1, R2 and ω), as well as density and detonation energy. These values define how rapidly pressure is generated and how it decays as the explosive expands. 
RDX has a higher density and detonation energy compared to TNT. So, in the simulation results we would expect to see a higher detonation velocity and greater pressure output during the simulation. In contrast, TNT has lower energy density, leading to a slower pressure rise and reduced peak pressures.
However, it is important to note that the pressure values extracted from Abaqus are localised numerical outputs rather than a complete measure of total explosive performance. Therefore, although RDX would theoretically be expected to produce higher pressure and greater energy release than TNT, the recorded peak pressure values may still be influenced by factors such as node location, mesh resolution, element distortion and local pressure wave reflection. This means that the results should be interpreted by considering the full pressure–time response, liner collapse and jet formation, rather than peak pressure alone.
The selection of JWL parameters and explosive properties plays a key role in determining the accuracy of the simulation and the resulting jet behaviour.
[bookmark: _Toc229994916]Liner 
The liner was modelled using copper, as it is commonly used in shaped charge applications due to its high ductility and ability to form a stable jet during collapse. Copper is able to undergo large plastic deformation without fracturing, which is important for maintaining a continuous jet structure.
The material behaviour was defined using the Johnson–Cook constitutive model, which accounts for strain hardening, strain rate sensitivity and thermal softening [3]. Parameters such as yield strength, strain hardening constants and strain rate coefficients were taken from in class. 
These parameters have a direct influence on how the liner deforms during detonation. A material that deforms too easily may lead to jet instability, while a material that is too strong may not collapse efficiently. Therefore, using an appropriate material model for copper is important to accurately represent jet formation.
[bookmark: _Toc229994917]Casing
The casing was included in the model to provide confinement to the high explosive. Confinement plays an important role in shaped charge performance, as it helps to increase the pressure generated during detonation and directs the explosive energy towards the liner.
The casing was modelled using steel with standard mechanical properties. While it is not the main focus of the study, its presence affects the overall pressure distribution within the system and contributes to the efficiency of liner collapse.
[bookmark: _Toc229994918]ABAQUS
Abaqus Explicit was used for all simulations due to the highly dynamic nature of explosive detonation and material deformation. This solver is well suited for problems involving high strain rates, large deformations and complex contact interactions. The use of an explicit solver allows the simulation to capture the rapid propagation of the detonation wave and the collapse of the liner over a very short time scale.
[bookmark: _Toc229994919]Boundary Conditions and Interactions
Contact interactions were defined between the explosive, liner and casing to ensure that pressure and deformation could be transferred realistically between components.
Boundary conditions were applied to prevent rigid body motion while still allowing the materials to deform freely under the effects of detonation. This ensures that the results represent the physical behaviour of a shaped charge rather than numerical products.
[bookmark: _Toc229994920]Detonation Setup
The detonation was initiated at the top of the explosive material, allowing a pressure wave to propagate through the charge and interact with the liner. This setup replicates the behaviour of a real-life shaped charge, where detonation begins at a specific point and spreads through the explosive.
The use of the JWL equation ensures that the pressure generated during detonation is represented accurately, which is critical for modelling liner collapse and jet formation.
[bookmark: _Toc229994921]Mesh and Element Selection
A mesh was applied to all components within the model, with finer elements used in regions where high deformation was expected, particularly around the liner and explosive interface. These areas experience rapid changes in pressure and shape, so a finer mesh is required to capture the behaviour accurately. 
Initial simulations were carried out using a larger mesh. However, this caused some of the nodes to have excessive distortion. This was later refined to improve the accuracy of the results. The updated mesh provided a clearer representation of liner collapse and jet formation, while also reducing numerical instability.
This refinement process demonstrates the importance of mesh quality in dynamic simulations, as insufficient mesh resolution can lead to inaccurate or unstable results. Both examples of meshing can be seen below. 
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Figure 4 - Initial coarse mesh configuration 		                                             Figure 5 – Final mesh configuration
[bookmark: _Toc229994922]2D Modelling Setup 
[bookmark: _Toc229994923]TNT
The first model used TNT as the explosive material. This configuration acts as a baseline for comparison, allowing the behaviour of a lower-energy explosive to be analysed.
The simulation shows how the pressure wave from TNT interacts with the liner and initiates collapse, leading to the formation of a jet. This provides a reference point for evaluating the performance of the second design.
[bookmark: _Toc229994924]RDX
The second model used RDX. RDX was selected due to its higher detonation velocity and energy output compared to TNT.
By keeping all other parameters the same, the effect of the explosive material can be isolated. This allows a direct comparison of how increased energy influences pressure generation, liner collapse and jet formation. 
[bookmark: _Toc229994925]Results and Analysis
[bookmark: _Toc229994926]TNT 
[bookmark: _Toc229994927]Pressure
Following detonation of the TNT shape charge, a pressure wave propagates through the explosive material and interacts with the copper liner. The pressure distribution shows a gradual build-up of pressure, with peak values occurring near the liner interface.
The pressure–time response for the TNT model shows a rapid increase in pressure immediately after detonation, with peak values reaching around 40 GPa. After this peak, the pressure drops off quite quickly as the detonation products expand.
[image: ][image: ]
Figure 6 - Pressure contour and node locations used for data extraction (TNT model)
Looking at the graph, each curve represents a different set of nodes in the model. The nodes closer to the top explosive experience lower pressures and reach their peak earlier, while those further down, towards the liner, show higher peak values and a slight delay.
One of the main things to notice is how sharp the pressure peaks are. The TNT model produces very high pressure, but only for a short period of time. After the peak, the pressure decreases rapidly, which suggests that the energy is released quickly but not sustained.
This is important because, although the peak pressure is high, the short duration means less overall load is applied to the liner. As a result, the liner may not be accelerated as effectively during collapse.
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Figure 7 - Pressure distribution during detonation of TNT model
[bookmark: _Toc229994928]Liner Collapse 
The pressure generated by TNT leads to inward deformation of the copper liner. The collapse occurs progressively, with deformation initiating at the outer regions and moving towards the centreline.
The liner collapse is slower with the TNT model compared to the later RDX model. This results in a slower convergence of the liner material, which can limit the efficiency of jet formation.
The slower liner collapse observed in the TNT model is likely due to the rapid pressure decay seen in the pressure–time response. Although TNT produces a high initial pressure spike, the pressure is not sustained long enough to continue accelerating the liner efficiently. According to [1], effective shaped charge performance relies on controlled and continuous liner collapse, as inconsistent deformation can reduce jet coherence and stability.
[image: ][image: ][image: ]
Figure 8 - Liner collapse behaviour for TNT model
The velocity–time response for the TNT model shows that the liner reaches relatively high peak velocities at certain nodes. However, the results are more variable, with noticeable differences between node responses.
[image: ]
Figure 9 - Liner velocity–time response for TNT model
This suggests that the liner acceleration is less uniform, with localised regions experiencing higher velocities rather than a consistent acceleration across the liner.
[bookmark: _Toc229994929]Jet Formation
Jet formation is observed as the liner collapses along the axis. In the TNT model, the jet appears less coherent and more dispersed than the RDX model. This is not because TNT produced a low peak pressure, as the pressure–time response actually showed a high localised pressure peak of approximately 40 GPa. Instead, the reduced jet quality is likely due to the short duration of this pressure loading and the uneven acceleration of the liner. The sharp pressure spike appears to apply a large force over a very short time period, which may cause localised liner movement rather than a smooth and consistent collapse. As a result, the liner material does not form as stable or concentrated a jet. [3] explains that stable jet formation depends heavily on maintaining uniform plastic flow within the liner material during collapse.
[image: ]
Figure 10 - Jet formation in TNT model

[bookmark: _Toc229994930]RDX
[bookmark: _Toc229994931]Pressure 
The pressure–time response for the RDX model shows a different trend compared to TNT. The peak pressures are lower, reaching around 22 GPa, which would not be initially expected from RDX. However, the pressure is maintained over a longer period of time.
This result is lower than expected, as RDX would normally be expected to generate higher detonation pressure than TNT due to its higher detonation velocity and energy density. However, the pressure values shown in the graph are taken from selected node locations and therefore represent specific nodes rather than the complete explosive output. The lower recorded peak pressure in the RDX model may therefore be influenced by the position of the selected nodes, mesh behaviour, contact interaction and the way the detonation wave was captured in the model.
[image: ][image: ]
Figure 11 - Pressure contour and node locations used for data extraction (RDX model)
Although the RDX model did not produce the highest recorded peak pressure, the pressure was sustained over a longer duration. This is significant because shaped charge performance depends on how effectively energy is transferred into the liner, not just the maximum pressure recorded at a single point. The broader pressure response suggests that the RDX model provided a more consistent loading on the liner, which helps explain the more uniform collapse and improved jet formation observed later in the results.
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Figure 12 - Pressure distribution during detonation of RDX model
[bookmark: _Toc229994932]Liner Collapse 
The more uniformed pressure generated by RDX results in a faster and more uniform collapse of the liner. The deformation occurs more rapidly and is more focused towards the centreline, indicating a more efficient energy transfer from the explosive to the liner.
This improved collapse behaviour is critical for forming a high-velocity jet. The more uniform collapse seen in the RDX model suggests that energy is being transferred more efficiently from the explosive to the liner. The results observed in the pressure–time graph allows the liner to accelerate more gradually and consistently, reducing unstable deformation. This behaviour is important because controlled liner collapse is directly linked to improved jet quality and penetration performance.
[image: ][image: ][image: ]
Figure 13 - Liner collapse behaviour for RDX model
The RDX model shows a more consistent velocity–time response across the liner. Although the peak velocity may be slightly lower than TNT in some cases, the acceleration is more uniform and sustained.
[image: ]
Figure 14 - Liner velocity–time response for RDX model
This indicates that the liner is being accelerated more evenly, which is beneficial for stable jet formation.
[bookmark: _Toc229994933]Jet Formation 
The RDX model produces a more defined and coherent jet compared to the TNT model. Although the RDX simulation did not show the highest localised peak pressure, it produced a more sustained and uniform loading on the liner. This allowed the liner to collapse more consistently towards the centreline, producing a more continuous and concentrated jet.
This result suggests that the quality of jet formation is controlled more by the pressure duration, impulse transfer and uniformity of liner collapse than by peak pressure alone. The improved jet coherence in the RDX model indicates that the liner material experienced a more stable collapse process. This agrees with shaped charge theory, where efficient jet formation depends on symmetrical liner collapse and controlled plastic flow towards the centreline.
[2] showed that efficient jet formation occurs when the liner collapses symmetrically towards the centreline, producing a concentrated high-velocity jet. The results from this model show behaviour that is consistent with this theory.
[image: ]
Figure 15 - Jet formation in RDX model
[bookmark: _Toc229994934]Comparison 
The comparison between the two models shows that the pressure behaviour did not fully follow the initial theoretical expectation. Based on explosive properties alone, RDX would normally be expected to generate a higher-pressure output than TNT because it has a higher density, detonation velocity and detonation energy. Therefore, the initial expectation was that the RDX model would produce both higher pressures and improved liner acceleration.
However, the Abaqus results showed that the TNT model reached the highest recorded local pressure, with peak values of approximately 40 GPa. In comparison, the RDX model reached a peak pressure of approximately 22 GPa. At first, this appears to contradict the expected material behaviour. However, the pressure values in this study were extracted from selected nodes, meaning they represent specific nodes rather than the total explosive performance of each material.
This means that the higher TNT pressure peak should not be interpreted as TNT being the more effective explosive overall. Instead, it is likely that the TNT result was influenced by local numerical effects such as node position, mesh resolution, element distortion and the way the detonation wave interacted with the liner and casing. A sharp localised pressure peak can occur at a measurement point without representing a more effective transfer of energy into the liner.
In contrast, the RDX model produced a lower recorded peak pressure but maintained pressure over a longer duration. This longer pressure response provided more sustained loading on the liner, allowing the copper to collapse more uniformly towards the centreline. The velocity response was also more consistent across the liner, and the resulting jet appeared more coherent and concentrated.
Therefore, the RDX model was still judged to be the better-performing design. The results show that shaped charge performance should not be assessed using peak pressure alone. Instead, the full pressure–time response, liner collapse behaviour, velocity distribution and jet coherence must all be considered. In this study, the RDX model produced the most effective overall behaviour because it transferred energy to the liner more consistently, even though it did not produce the highest localised pressure peak.
[bookmark: _Toc229994935]Final Design 
Based on the results obtained from the 2D simulations, the RDX model was selected as the final design. This decision was made due to its improved liner collapse and more coherent jet formation. The improved performance observed in the RDX model makes it more suitable for further analysis using a 3D simulation.
[bookmark: _Toc229994936]3D Model
[bookmark: _Toc229994937]Development 
The selected RDX design was developed into a 3D model to provide a more realistic representation of shaped charge behaviour. The 3D model removes the assumption of perfect symmetry used in the 2D simulations and allows for more detailed analysis.
[image: ]
Figure 16 - 3D model of RDX 
[bookmark: _Toc229994938]Results 
The 3D simulation shows similar behaviour to the 2D model, with high pressure generated during detonation and rapid liner collapse. The jet formation is more detailed, showing variations in shape and structure that are not visible in the 2D model.
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Figure 17 - Results from 3D simulation of RDX model
[bookmark: _Toc229994939]Comparison with 2D Results
The 3D model provides a more realistic representation of the physical behaviour, particularly in terms of jet structure and deformation. However, it requires significantly more computational time compared to the 2D model.
While the 2D model is useful for initial design comparison, the 3D model offers improved accuracy and insight into the system.
[bookmark: _Toc229994940]Discussion  
[bookmark: _Toc229994941]Interpretations of Results
The results from this study show that shaped charge performance is strongly influenced by how pressure is applied over time, rather than just the peak pressure value.
The TNT model produced a higher peak pressure of approximately 40 GPa. However, this pressure was short-lived and decreased rapidly. In contrast, the RDX model produced a lower peak pressure of around 22 GPa, but the pressure was sustained for a longer duration.
This difference in pressure behaviour had a direct impact on liner collapse. The TNT model resulted in a slower and less consistent collapse, leading to a less coherent jet. The RDX model, despite its lower peak pressure, provided a more sustained loading on the liner, resulting in a faster and more controlled collapse. This demonstrates that pressure duration and energy transfer are more important than peak pressure alone when evaluating shaped charge performance. 
[bookmark: _Toc229994942]Numerical Explanation for Pressure Discrepancies
The difference between the expected explosive behaviour and the recorded pressure results is likely linked to the numerical setup of the Abaqus model. In theory, RDX should generate a greater pressure output than TNT. However, the pressure values extracted from the simulation were taken from selected nodes, meaning they are sensitive to the exact location of those nodes within the model.
In explicit dynamic simulations, pressure waves travel through the explosive and interact with the liner, casing and mesh. This can create localised pressure concentrations or reflections at certain points. If a node is located in one of these regions, it may record a very high-pressure spike that does not represent the overall behaviour of the explosive. This may explain why the TNT model recorded a higher local peak pressure than the RDX model.
Mesh resolution and element distortion may also have influenced the results. Shaped charge simulations involve very large deformation, particularly around the liner and jet formation region. If the mesh becomes distorted or if the element size is not fine enough to capture the pressure wave accurately, local peak values may be affected. This means that isolated maximum pressure values should be interpreted carefully.
The RDX model showed more sustained pressure loading, more uniform liner collapse and a more coherent jet. These outputs provide stronger evidence of shaped charge performance than the maximum pressure value alone.
[bookmark: _Toc229994943]Comparison with Literature
The findings from this study are consistent with existing literature on shaped charges. Previous research shows that effective jet formation depends on controlled liner collapse and sustained pressure loading rather than isolated pressure peaks [1].
The use of the Johnson–Cook model for the liner and the JWL equation for the explosive materials also aligns with standard modelling approaches described in literature [3] [5].
[bookmark: _Toc229994944]Limitations
There are several limitations within this study that may affect the accuracy of the results.
Firstly, the 2D axisymmetric models assume perfect symmetry, which is not fully representative of real-world behaviour. This can simplify the jet formation process and may not capture instabilities that occur in practical applications.
Secondly, the results are dependent on the selected node locations used for pressure measurement. Localised pressure values can vary significantly depending on position, which may explain the higher peak pressure observed in the TNT model.
Additionally, assumptions made within the material models, including JWL parameters and Johnson–Cook constants, may introduce uncertainty. Small variations in these values can lead to differences in pressure and deformation behaviour.
[bookmark: _Toc229994945]Cost vs Accuracy 
The comparison between 2D and 3D modelling highlights the trade-off between computational efficiency and accuracy.
The 2D models were effective for comparing different explosive materials and identifying general trends, while requiring relatively low computational time. However, they rely on symmetry assumptions, which limits their realism.
The 3D model provides a more detailed and realistic representation of liner collapse and jet formation. However, this comes at the cost of increased computational time and complexity.
Therefore, a combined approach using 2D models for initial design comparison and 3D models for detailed analysis is the most effective strategy.
[bookmark: _Toc229994946]Recommendations
Further improvements could be made to increase the accuracy of the model. Firstly, refining the mesh further, particularly in regions of high deformation, would improve the resolution of jet formation. Alternative modelling approaches such as Eulerian or SPH methods could also be considered to better capture large deformations.
Additionally, more accurate material data and validation against experimental results would improve confidence in the simulation outcomes. Future work could also include analysing additional liner materials or varying geometry to further optimise shaped charge performance.
[bookmark: _Toc229994947]Conclusion 
This study investigated the performance of shaped charges using TNT and RDX within Abaqus. The results showed that while the TNT model produced a higher peak pressure, this was short-lived and less effective in driving liner collapse. In contrast, the RDX model produced a more sustained pressure distribution, resulting in a faster and more controlled liner collapse and improved jet formation.
This demonstrates that shaped charge performance is not solely dependent on peak pressure, but on how pressure is applied over time and transferred to the liner. The use of 2D modelling allowed for efficient comparison of designs, while the 3D model provided a more realistic representation of behaviour.
Overall, the RDX model was identified as the most effective design, highlighting the importance of material selection and modelling approach in optimising shaped charge performance.
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