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CDS Training Exercise Manual 
Release edition 3 October 2026 

This manual collects the CDS learning pages, 140 exercises, examples and case studies. All existing 

studies and exercise numbers remain available in the main curriculum. Each exercise identifies its task, 

connected models, data transfers, checkpoints and limitations. Work through the setup before changing 

inputs, and use the stated reference or validation scope to decide what the result demonstrates. 

Numerical teaching data should not be substituted for qualified design allowables. 

Preface 

This manual is intended for guided study, classroom use and independent practice. Each exercise retains 

its original identifier so that the printed walkthrough can be matched to the Workbench record. The 

chapters follow the curriculum stages. Within an exercise, read the purpose, inspect the connected 

inputs, establish the supplied baseline and only then carry out the proposed comparisons. 

A useful exercise record includes more than its final image. Record the changed inputs, the units, the 

model selections and the checkpoint observations. Explain why the response changed and which 

assumptions limit that explanation. Some studies are illustrative and some compare a specified 

analytical or published reference; those are different levels of evidence and must remain distinguished 

in the conclusion. 

How to use this manual 

Read the assumptions before choosing a model. Keep units consistent, inspect solver notices and use the 

recorded checks to distinguish a completed calculation from a validated result. Chapter links lead to the 

interactive website; exercise links open the Workbench. Account-controlled database downloads and 

classroom materials remain subject to their existing access rules. 

Equations are editable Word mathematics. This PDF is exported from the same Word document. 

Historical reference chapters retain their stated scope; the current workflow and exercise chapters 

describe the available CDS implementation. 
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01.01 Rule of mixtures fibre volume fraction 
Online chapter  

The starting point for a laminate calculation is the behaviour of its individual plies. Here you will follow 

the connection from fibre and resin properties to the effective properties of a unidirectional ply, using 

controlled comparisons to see which predictions depend on composition and which depend on the 

micromechanics formulation. 

Open this exercise in Workbench  

 

Figure 1. Used model inputs for 01.01 · Rule of mixtures: fibre volume fraction 

Used records in the standard workflow layout. Hidden records remain in Workbench. This diagram is not a calculated result. 

Prepare the baseline 

Establish the supplied case before changing anything. Keep a small comparison table with the 

constituent properties, fibre fraction, selected model and resulting moduli. When the task changes the 

model, leave the material data unchanged; when it changes the fraction, keep the model fixed. This 

makes it possible to explain the source of a difference instead of merely observing that two numbers 

disagree. 
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Worked procedure 

1. Begin by opening the copied Micro record and following its links to the fibre and matrix materials. 

Note the constituent moduli and density, including their units, because these are the values that the 

mixture calculation will use. Keeping this input record beside your results will make the later hand 

calculation traceable. 

2. Run three cases with fibre volume fractions of 0.3, 0.5 and 0.7, leaving the constituent data and other 

settings unchanged. After each change, use Run and record E1, E2 and density from the Micro outputs 

before moving to the next fraction. Arrange the three results in one table so that you can compare 

longitudinal and transverse response without relying on memory or mismatched screenshots. 

3. Use the linked constituent moduli to calculate E1 = Vf Ef + (1 − Vf) Em for each of the three fibre 

fractions. Compare those hand calculations with the corresponding CDS values, first checking that both 

use the same units. Explain any discrepancy in terms of the selected inputs and model; this particular 

comparison concerns the longitudinal mixture relation, not every property in the output table. 

Review checkpoints 

At zero void fraction, constituent fractions sum to one. 

Longitudinal modulus follows the linear mixture calculation; distinguish it from the transverse 

compliance estimate. 

Model limits 

Ideal continuous, aligned reinforcement with zero voids. This is a teaching comparison, not a measured 

material allowable. 

Interpret the comparison 

Read longitudinal, transverse and shear results as different responses, rather than expecting one 

mixture estimate to describe them all. Where the exercise provides published comparison values, 

calculate the discrepancy using those values and the specified units. Agreement in stiffness does not 

establish measured strength or validate properties that the chosen model does not predict. 

How information passes between models 

Materials → Micro: Constituent stiffness, strength, density and thermal / moisture properties. 

Models → Micro: Applied model assignment: Rule of mixtures. Model parameters and formulation are 

used by Micro. 

Further reading and evidence 

• Create and connect a lamina  

• Edit material properties and units  

• Run and review a model  

• Review effective properties  

• Related case study: NASA lamina analysis  
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Review the recorded validation scope . Retain the original inputs and solver notices with the results. 

Representative teaching data are not design allowables. 
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01.02 Compare transverse micromechanics models 
Online chapter  

The starting point for a laminate calculation is the behaviour of its individual plies. Here you will follow 

the connection from fibre and resin properties to the effective properties of a unidirectional ply, using 

controlled comparisons to see which predictions depend on composition and which depend on the 

micromechanics formulation. 

Open this exercise in Workbench  

 

Figure 2. Used model inputs for 01.02 · Compare transverse micromechanics models 

Used records in the standard workflow layout. Hidden records remain in Workbench. This diagram is not a calculated result. 

Prepare the baseline 

Establish the supplied case before changing anything. Keep a small comparison table with the 

constituent properties, fibre fraction, selected model and resulting moduli. When the task changes the 

model, leave the material data unchanged; when it changes the fraction, keep the model fixed. This 

makes it possible to explain the source of a difference instead of merely observing that two numbers 

disagree. 
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Worked procedure 

1. Run the supplied Halpin–Tsai Micro recipe without changing its initial settings, and retain E1, E2 and 

G12 as the baseline. Record the reinforcement fraction and constituent data with these outputs. The 

next comparison is meaningful only if both formulations receive the same material system. 

2. Change the micromechanics model to Rule of mixtures while leaving the constituent properties and 

fractions unchanged, then rerun the case. Compare E1, E2 and G12 with the Halpin–Tsai baseline. 

Discuss which properties are most sensitive to the change in formulation rather than reducing the 

comparison to one overall statement that a model is stiffer. 

3. Restore Halpin–Tsai before varying fibre volume fraction, so that this second comparison examines 

composition rather than switching formulations at the same time. Keep the constituent data fixed and 

record the fraction used for each run. Explain the resulting trends in the context of the selected model 

and its assumptions. 

Review checkpoints 

Compare transverse and shear predictions at identical fractions. 

Explain why different homogenization assumptions give different transverse properties. 

Model limits 

Use the editable model inputs and their documented assumptions; matching a trend does not validate a 

strength prediction. 

Interpret the comparison 

Read longitudinal, transverse and shear results as different responses, rather than expecting one 

mixture estimate to describe them all. Where the exercise provides published comparison values, 

calculate the discrepancy using those values and the specified units. Agreement in stiffness does not 

establish measured strength or validate properties that the chosen model does not predict. 

How information passes between models 

Materials → Micro: Constituent stiffness, strength, density and thermal / moisture properties. 

Models → Micro: Applied model assignment: Halpin–Tsai. Model parameters and formulation are used 

by Micro. 

Further reading and evidence 

• Create and connect a lamina  

• Review effective properties  

• Run and review a model  

• Related case study: NASA lamina analysis  

Review the recorded validation scope . Retain the original inputs and solver notices with the results. 

Representative teaching data are not design allowables. 
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01.03 Short fibers aspect ratio and shear-lag transfer 
Online chapter  

This exercise examines how reinforcement geometry and orientation affect the effective elastic 

response of a short-fibre material. The aim is to connect the model inputs to the resulting directional 

properties, while keeping elastic load transfer separate from a prediction of fibre breakage or composite 

strength. 

Open this exercise in Workbench  

 

Figure 3. Used model inputs for 01.03 · Short fibers: aspect ratio and shear-lag transfer 

Used records in the standard workflow layout. Hidden records remain in Workbench. This diagram is not a calculated result. 

Prepare the baseline 

Before running, note fibre length, diameter, fractions and orientation settings. Change the quantity 

requested in the task while retaining the other settings, then record all directional moduli rather than 

only the largest one. Where two geometries have the same aspect ratio, compare their results explicitly; 

this helps identify which geometric information the selected idealization actually uses. 
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Worked procedure 

1. Open Micro: identify length 0.35 mm, diameter 7 µm and derived L/d = 50. Inspect the linked 

constituent moduli. 

2. Run at lengths 0.07, 0.35 and 3.5 mm, keeping diameter fixed. Compare E1, shear-lag efficiency and 

elastic transfer length in Micro outputs. 

3. Double both length and diameter. Rerun and explain why aspect ratio and elastic stiffness are 

unchanged. 

4. Open Response → Failure. Compare the available classical criteria using the independent teaching 

allowables in Micro → Strength & failure; do not interpret them as measured T700 short-fiber strengths. 

Review checkpoints 

Efficiency increases toward one as aspect ratio increases; E1 approaches the aligned continuous-fiber 

mixture limit. 

RVE progressive failure remains disabled. Cox predicts elastic transfer, not critical break length or 

damage evolution. 

Strength values in this exercise are illustrative assumptions, not predictions or qualified allowables. 

Model limits 

Aligned monodisperse elastic fibers, perfect interface and concentric-cell shear lag. Halpin–Tsai 

transverse/shear screening closure. Existing constituent data are reused; the short-fiber composite and 

its strength allowables are a hypothetical teaching system. 

Interpret the comparison 

Use the model’s reported transfer and efficiency outputs to explain the stiffness comparison. Treat any 

displayed fibre geometry as an illustration unless its dimensions are explicitly part of the calculation. If 

you save the result as a material, inspect which fields were predicted and which remain blank; an elastic 

snapshot is not a complete set of qualified material properties. 

How information passes between models 

Micro → Laminates: Predicted ply stiffness, strength, density and expansion properties. 

Materials → Micro: Constituent stiffness, strength, density and thermal / moisture properties. 

Mechanical → Simulation: SIMULATION selects this case and its analysis model; the case owns its 

applicable cycle and input references. 

Laminates → Mechanical: Ply angles and thicknesses, stiffness, mass and ply properties. 

Geometry → Mechanical: Part shape and dimensions, thickness or section definition, and model-specific 

geometric inputs. Each selected case consumes only the dimensions its model supports. 

Models → Micro: Applied model assignment: Cox shear-lag elastic. Model parameters and formulation 

are used by Micro. 



CDS Composites    |    Training & Exercise Manual    |    13 

Models → Mechanical: Applied model assignment: CLT · Linear static with failure indices. Model 

parameters and formulation are used by Mechanical.; Maximum stress 

Further reading and evidence 

• Create and connect a lamina  

• Edit material properties and units  

• Run and review a model  

• Review effective properties  

• Connected inputs and result freshness  

• Edit laminate materials, angles and thicknesses  

• Related case study: NASA lamina analysis  

Review the recorded validation scope . Retain the original inputs and solver notices with the results. 

Representative teaching data are not design allowables. 
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01.04 Rule of mixtures continuous fibers 
Online chapter  

The starting point for a laminate calculation is the behaviour of its individual plies. Here you will follow 

the connection from fibre and resin properties to the effective properties of a unidirectional ply, using 

controlled comparisons to see which predictions depend on composition and which depend on the 

micromechanics formulation. 

Open this exercise in Workbench  

 

Figure 4. Used model inputs for 01.04 · Rule of mixtures · continuous fibers 

Used records in the standard workflow layout. Hidden records remain in Workbench. This diagram is not a calculated result. 

Prepare the baseline 

Establish the supplied case before changing anything. Keep a small comparison table with the 

constituent properties, fibre fraction, selected model and resulting moduli. When the task changes the 

model, leave the material data unchanged; when it changes the fraction, keep the model fixed. This 

makes it possible to explain the source of a difference instead of merely observing that two numbers 

disagree. 
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Worked procedure 

1. Begin by opening the copied Micro record and following its links to the fibre and matrix materials. 

Note the constituent moduli and density, including their units, because these are the values that the 

mixture calculation will use. Keeping this input record beside your results will make the later hand 

calculation traceable. 

2. Run three cases with fibre volume fractions of 0.3, 0.5 and 0.7, leaving the constituent data and other 

settings unchanged. After each change, use Run and record E1, E2 and density from the Micro outputs 

before moving to the next fraction. Arrange the three results in one table so that you can compare 

longitudinal and transverse response without relying on memory or mismatched screenshots. 

3. Use the linked constituent moduli to calculate E1 = Vf Ef + (1 − Vf) Em for each of the three fibre 

fractions. Compare those hand calculations with the corresponding CDS values, first checking that both 

use the same units. Explain any discrepancy in terms of the selected inputs and model; this particular 

comparison concerns the longitudinal mixture relation, not every property in the output table. 

Review checkpoints 

At zero void fraction, constituent fractions sum to one. 

Longitudinal modulus follows the linear mixture calculation; distinguish it from the transverse 

compliance estimate. 

Model limits 

Ideal continuous, aligned reinforcement with zero voids. This is a teaching comparison, not a measured 

material allowable. 

Interpret the comparison 

Read longitudinal, transverse and shear results as different responses, rather than expecting one 

mixture estimate to describe them all. Where the exercise provides published comparison values, 

calculate the discrepancy using those values and the specified units. Agreement in stiffness does not 

establish measured strength or validate properties that the chosen model does not predict. 

How information passes between models 

Materials → Micro: Constituent stiffness, strength, density and thermal / moisture properties. 

Models → Micro: Applied model assignment: Rule of mixtures. Model parameters and formulation are 

used by Micro. 

Further reading and evidence 

• Create and connect a lamina  

• Edit material properties and units  

• Run and review a model  

• Review effective properties  

• Related case study: NASA lamina analysis  



CDS Composites    |    Training & Exercise Manual    |    16 

Review the recorded validation scope . Retain the original inputs and solver notices with the results. 

Representative teaching data are not design allowables. 
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01.05 Halpin Tsai transverse stiffness 
Online chapter  

The starting point for a laminate calculation is the behaviour of its individual plies. Here you will follow 

the connection from fibre and resin properties to the effective properties of a unidirectional ply, using 

controlled comparisons to see which predictions depend on composition and which depend on the 

micromechanics formulation. 

Open this exercise in Workbench  

 

Figure 5. Used model inputs for 01.05 · Halpin–Tsai · transverse stiffness 

Used records in the standard workflow layout. Hidden records remain in Workbench. This diagram is not a calculated result. 

Prepare the baseline 

Establish the supplied case before changing anything. Keep a small comparison table with the 

constituent properties, fibre fraction, selected model and resulting moduli. When the task changes the 

model, leave the material data unchanged; when it changes the fraction, keep the model fixed. This 

makes it possible to explain the source of a difference instead of merely observing that two numbers 

disagree. 
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Worked procedure 

1. Run the supplied Halpin–Tsai Micro recipe without changing its initial settings, and retain E1, E2 and 

G12 as the baseline. Record the reinforcement fraction and constituent data with these outputs. The 

next comparison is meaningful only if both formulations receive the same material system. 

2. Change the micromechanics model to Rule of mixtures while leaving the constituent properties and 

fractions unchanged, then rerun the case. Compare E1, E2 and G12 with the Halpin–Tsai baseline. 

Discuss which properties are most sensitive to the change in formulation rather than reducing the 

comparison to one overall statement that a model is stiffer. 

3. Restore Halpin–Tsai before varying fibre volume fraction, so that this second comparison examines 

composition rather than switching formulations at the same time. Keep the constituent data fixed and 

record the fraction used for each run. Explain the resulting trends in the context of the selected model 

and its assumptions. 

Review checkpoints 

Compare transverse and shear predictions at identical fractions. 

Explain why different homogenization assumptions give different transverse properties. 

Model limits 

Use the editable model inputs and their documented assumptions; matching a trend does not validate a 

strength prediction. 

Interpret the comparison 

Read longitudinal, transverse and shear results as different responses, rather than expecting one 

mixture estimate to describe them all. Where the exercise provides published comparison values, 

calculate the discrepancy using those values and the specified units. Agreement in stiffness does not 

establish measured strength or validate properties that the chosen model does not predict. 

How information passes between models 

Materials → Micro: Constituent stiffness, strength, density and thermal / moisture properties. 

Models → Micro: Applied model assignment: Halpin–Tsai. Model parameters and formulation are used 

by Micro. 

Further reading and evidence 

• Create and connect a lamina  

• Review effective properties  

• Run and review a model  

• Related case study: NASA lamina analysis  

Review the recorded validation scope . Retain the original inputs and solver notices with the results. 

Representative teaching data are not design allowables. 
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01.06 Short fibers shear-lag transfer 
Online chapter  

This exercise examines how reinforcement geometry and orientation affect the effective elastic 

response of a short-fibre material. The aim is to connect the model inputs to the resulting directional 

properties, while keeping elastic load transfer separate from a prediction of fibre breakage or composite 

strength. 

Open this exercise in Workbench  

 

Figure 6. Used model inputs for 01.06 · Short fibers · shear-lag transfer 

Used records in the standard workflow layout. Hidden records remain in Workbench. This diagram is not a calculated result. 

Prepare the baseline 

Before running, note fibre length, diameter, fractions and orientation settings. Change the quantity 

requested in the task while retaining the other settings, then record all directional moduli rather than 

only the largest one. Where two geometries have the same aspect ratio, compare their results explicitly; 

this helps identify which geometric information the selected idealization actually uses. 
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Worked procedure 

1. Open Micro: identify length 0.35 mm, diameter 7 µm and derived L/d = 50. Inspect the linked 

constituent moduli. 

2. Run at lengths 0.07, 0.35 and 3.5 mm, keeping diameter fixed. Compare E1, shear-lag efficiency and 

elastic transfer length in Micro outputs. 

3. Double both length and diameter. Rerun and explain why aspect ratio and elastic stiffness are 

unchanged. 

4. Open Response → Failure. Compare the available classical criteria using the independent teaching 

allowables in Micro → Strength & failure; do not interpret them as measured T700 short-fiber strengths. 

Review checkpoints 

Efficiency increases toward one as aspect ratio increases; E1 approaches the aligned continuous-fiber 

mixture limit. 

RVE progressive failure remains disabled. Cox predicts elastic transfer, not critical break length or 

damage evolution. 

Strength values in this exercise are illustrative assumptions, not predictions or qualified allowables. 

Model limits 

Aligned monodisperse elastic fibers, perfect interface and concentric-cell shear lag. Halpin–Tsai 

transverse/shear screening closure. Existing constituent data are reused; the short-fiber composite and 

its strength allowables are a hypothetical teaching system. 

Interpret the comparison 

Use the model’s reported transfer and efficiency outputs to explain the stiffness comparison. Treat any 

displayed fibre geometry as an illustration unless its dimensions are explicitly part of the calculation. If 

you save the result as a material, inspect which fields were predicted and which remain blank; an elastic 

snapshot is not a complete set of qualified material properties. 

How information passes between models 

Micro → Laminates: Predicted ply stiffness, strength, density and expansion properties. 

Materials → Micro: Constituent stiffness, strength, density and thermal / moisture properties. 

Mechanical → Simulation: SIMULATION selects this case and its analysis model; the case owns its 

applicable cycle and input references. 

Laminates → Mechanical: Ply angles and thicknesses, stiffness, mass and ply properties. 

Geometry → Mechanical: Part shape and dimensions, thickness or section definition, and model-specific 

geometric inputs. Each selected case consumes only the dimensions its model supports. 

Models → Micro: Applied model assignment: Cox shear-lag elastic. Model parameters and formulation 

are used by Micro. 


