
The present set of experiments explores the behavior of uncured prepregs under various 

processing conditions. Collected compaction data will be used to develop the robust material 

models for predicting composite’s thickness evolution in manufacturing. 

Specimen manufacturing 

To investigate the thickness change during compaction, the specimens of crucifix configuration 

with in-plane compaction area of 15 by 15 mm were used, see Figure 1. The aerospace grade 

carbon/epoxy toughened prepreg system IMA/M21 developed by Hexcel® was chosen for 

manufacturing of the specimens. This material contains an extra fraction of thermoplastic 

particles for forming an interlayer between the plies. Nominal cured ply thickness is 0.184 mm, 

nominal fiber volume fraction is 59.2%, and nominal resin content is 34%. Three stacking 

sequences of 12 plies each, cross-ply (cp) – [90°/0°]6, semi-blocked ply (sb) – [90°2/0°2]3, 

blocked ply (bp) – [90°4/0°2]2S were considered, see Figure 1. 370 specimens of each layup 

configuration were manufactured. 

 

Figure 1 – Stacking sequences and a crucifix specimen 

The manufacturing process: 

1. The plies (30 x 15 mm) were cut from material roll using a ply cutter and kept in a 

freezer at the temperature of -20°C in vacuum sealed plastic bags. Plies were taken out 

for defrosting at a room temperature at least 2 hours prior to specimen lay-up. 

2. Lay-up was performed in clean room conditions following standard lay-up procedures.  

3. Every four plies laminates were subjected to 10-minute debulking cycle.  

4. Weight and thickness of each specimen were measured after manufacturing. Each 

specimen was numbered and placed into release film envelope to prevent it from 

sticking together with other specimens during storage. Then they were packed into 

vacuum sealed bags and stored in a freezer until the testing day.  

Experimental program and testing 

Each experimental program consisted of four main segments: loading, holding, unloading, and 

holding, see Figure 2. Load schedules were designed in a way to incorporate a wide variety of 

pressure rates in various slow monotonic (from 0.3 N/s to 1.7 N/s) and ramp-dwell (from 

22.2N/s to 66.7 N/s) regimes for loading (modes) and unloading segments of the program. Each 

segment of load program lasted 120 seconds. 35 baseline loading schedules were developed 

where each of them had three options for the intensity of compression force, 100%, 67% and 

33% of the maximum force of 200N, see Figure 3. A small precompression force of 1N was 

applied to a specimen to established contact between the top heater plate and the specimen’s 



surface. The unloading was carried out up to 1N for slow monotonic regimes or 1.5N for ramp-

dwell regimes, this difference is due to the possibility of loss of contact between the plates and 

the specimen due to the high sensitivity of the hydraulics. For each program, at least 3 

specimens were tested. Correction for machine’s compliance was accounted for by running 

dummy tests without a specimen. 

 

Figure 2 – Principle for load programs 

 

 

Figure 3 – Example of load schedule  

Preparation for testing 

It is necessary to make sure that storage conditions did not cause any effect on specimens. For 

that reason, specimens’ weight and thickness were re-measured after defrosting prior to testing.  

Weight spread was registered at approximately ±0.3%, which can be explained by the 
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measurement error. Thickness increase of 1% was recorded due to the post-debulk relaxation 

of the material during storage.  

Description of the experimental rig 

The testing was performed using a universal test machine (Instron 8872) in load-controlled 

mode. A steel compaction rig that consists of two compression heater plates (diameter of 215 

mm and thickness of 18 mm) was mounted in the Instron testing machine, such that controlled 

load and temperature could be transferred to the specimens. Each compression plate was fitted 

with conduction heater element, supplied by Watlow, to ensure a uniform temperature 

distribution at the plate surface. Insulation heat shields were used to minimize heat loss to the 

surrounding. Eight steel cylinders transfer the load from the self-align plate and the mount plate 

to the compression plates. Upper adapter was used to connect to the test rig, and the mount 

plate was attached to the load cell, see Figure 4.  

 

Figure 4 – Experiment rig  



The temperature of the plates was controlled by the two embedded thermocouples. The 

constant temperature of 60°C was selected for this research. To achieve this temperature the 

PID controllers for both heater plates have been set to slightly higher temperature of 61.5°C 

due to position of thermocouples inside the plates. Specimens reached the temperature of 60°C 

in one minute after it was placed on heater plate. The compaction test began according to the 

selected load program, once the sample reached the desired temperature.  

Saving Data 

- main_v2.xlsx 

This file contains information about all specimens and load programs. Initial data sheet has 

detailed description of each column. cp_data, bp_data, and sp_data sheets contain 

information about all test data and tested specimens for cross-ply, block-ply and semiblock-ply 

types respectively. Compliance sheet contains information about all dummy tests. Load 

schedules sheet includes graphs for 35 load programs. 

- results folder: 

This folder contains four subfolders: bp, cp, sp, compliance folders.   

** Dummy tests for each program were done two times. Results of these tests 

are in compliance folder.  

 

- figures folder: 

This folder contains images of load schedules and compaction response for each program and 

different stacking sequence.  

- .ipynb_checkpoints folder and 1_plot_graphs.ipynb: 

Visualisation framework for fast plotting of experimental results. Implemented in Python 

Jupyter Notebook. 


