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Received: 25 Dec 2024 This study presents the development of a mold design intended to ensure the suitability of

stiffened panels for compression after impact (CAI) testing. In the original mold system,

specimens exhibited edge separation and adhesive bond failures following impact, making them

Accepted: 27 Feb 2025 unsuitable for further testing. To address this issue, a new mold was designed to grip the panel
from all sides while preserving its structural integrity. A comparative assessment was conducted
using post-impact observations from both the original and improved systems. With the improved
mold, a 30 J impact test was performed, after which the specimen retained its structural integrity
and remained viable for CAI evaluation.
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INTRODUCTION

Composite structures have become increasingly prevalent in modern industrial applications, primarily due to their
advantages in light weight and high mechanical strength. Commonly employed in the aerospace, automotive, and
marine sectors, these structures must preserve their structural integrity, particularly when exposed to impact forces
(Fig. 1). In real-world scenarios, composite components are frequently subjected to accidental impacts caused by
foreign objects, tool drops, or operational loads, which can lead to barely visible impact damages (BVID) that critically
affect their performance.

Impact testing serves as a fundamental method for evaluating the damage tolerance and strength of composite
systems. It provides essential insights into how composite structures absorb energy and how internal damage
mechanisms—such as matrix cracking, fiber breakage, or delamination—are initiated and propagated. As such, a
thorough understanding of these failure modes enables engineers to design more robust and safer structural
components.

The type and extent of damage induced by impact directly affect the residual load-bearing capability and long-term
durability of the composite system. Therefore, compression after impact (CAI) tests are typically conducted following
the impact event to assess the structural capacity of the damaged composite. These tests simulate service conditions
and offer a quantitative measure of how much strength the structure retains post-impact.

The importance of integrating both impact and CAI tests lies in their combined ability to offer a comprehensive
assessment of the structural reliability of composite panels. While impact tests identify damage susceptibility, CAI
tests determine whether the structure can still perform its intended function. As composite materials continue to
replace traditional metallic components, especially in weight-sensitive applications, understanding their post-impact
performance is crucial for safety and certification processes in critical sectors.
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Figure 1. Reinforced panel damages in aircraft structures [1].

Stiffened composite panels are widely used in aerospace, marine, and automotive industries due to their superior
stiffness-to-weight ratio and excellent energy absorption characteristics. These structures typically consist of thin
composite skins reinforced with integral or bonded stiffeners such as T-, I-, or hat-shaped elements. The inclusion of
stiffeners enhances the panel’s ability to withstand axial and bending loads, making them ideal for load-bearing
applications in aircraft fuselages, ship hulls, and automotive chassis components. Despite their enhanced
performance under static loads, stiffened panels are vulnerable to low-velocity impact events during manufacturing,
maintenance, or in-service conditions. Barely visible impact damage (BVID), often caused by tool drops or foreign
object strikes, may not be detected through visual inspection but can significantly compromise the structural integrity
of the panel. Such hidden damage often initiates within the adhesive layer or at the stiffener-to-skin interface, leading
to delamination or debonding.As a result, impact testing of stiffened panels requires a well-designed fixture that
ensures proper boundary conditions and prevents artificial failure modes. Mold systems must securely grip the panel
and distribute the impact force uniformly across the structure. The subsequent compression after impact (CAI) tests
are critical in evaluating the residual strength and post-impact load-carrying capability of the damaged
structure.Recent advancements in composite technology have introduced hybrid stiffened panels combining woven
fabrics, unidirectional fibers, and optimized stiffener geometries to enhance damage tolerance. Moreover,
researchers are now exploring digital image correlation (DIC), ultrasonic inspection, and infrared thermography as
non-destructive evaluation techniques to detect and quantify internal damage after impact.Understanding the
complex failure mechanisms in stiffened panels under impact conditions is essential for improving structural design,
ensuring flight safety, and extending the service life of composite structures. Therefore, research continues to focus
on developing novel mold designs, advanced materials, and reliable testing protocols for more accurate and
repeatable evaluation of impact-damaged stiffened panels.

LITERATURE REVIEW

Numerous studies have investigated the impact resistance of stiffened composite panels under various parameters
such as laminate stacking sequence, stiffener geometry, impact energy levels, and support conditions [2]—[4]. These
studies aim to understand the failure mechanisms occurring in composite structures under impact, including
delamination, fiber breakage, and matrix cracking. While much of the existing research focuses on the mechanical
behavior of composites under impact, less attention has been paid to the design of the fixtures and molds used during
such testing. One significant research gap in the literature concerns the adequacy and configuration of the fixtures
and molds that secure specimens during impact testing [5]—[9]. These elements are crucial for ensuring consistent
boundary conditions and eliminating potential test artifacts. Improper mold or fixture design can lead to artificial
damage mechanisms, such as edge debonding or misalignment-induced shear forces, which may compromise the
accuracy and repeatability of the results. Several studies have highlighted that post-impact adhesive failures
frequently occur at the panel edges due to insufficient clamping or fixture support [10]—[15]. These failures distort
the actual load path and adversely affect the accuracy of subsequent compression after impact (CAI) tests by causing
premature global buckling or undesired local damage. Thus, preserving structural integrity after impact is essential
to ensure valid CAI results. Although extensive literature exists on the manufacturing processes of composite panels,
there is still a lack of studies specifically addressing how mold geometry, surface characteristics, and mechanical
interfaces influence the impact response of stiffened panels [16]-[20]. Parameters such as mold rigidity, surface
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contact quality, and fastening uniformity play a significant role in how the impact energy is distributed and absorbed.
Failure to optimize these parameters can result in non-representative damage distributions. Furthermore, the need
to maintain the structural integrity of specimens throughout multi-phase tests—from impact to CAI—has been
increasingly emphasized in recent research [21]—[25]. Multi-functional fixture systems that ensure both rigidity and
adaptability are required to prevent any unintended damage between successive test stages. Only with such systems
can reliable, repeatable, and representative data be obtained in laboratory settings. In summary, while much
attention has been devoted to the behavior of composite panels under impact loading, the role of fixture and mold
design in ensuring accurate and valid testing outcomes remains an area requiring further research. Future studies
should aim to develop more advanced, modular, and adaptive mold systems that accommodate various panel
geometries and testing protocols.

MATERIAL AND METHOD
Design and Manufacturing of the Mold

This section explains the mold manufacturing process and machining tools used for impact testing of stiffened panels.
Initially, a mold was designed to accommodate U-profile stiffened composite panels for impact testing (Fig. 2). These
panels are produced by bonding a U-profile to a flat plate using an adhesive. According to the test results, damage
occurred mainly in the bonding area due to shear stresses transmitted after the impact on the U-profile. This
condition prevented the accurate measurement of the actual mechanical performance of the stiffened panels. The
deficiencies identified in the initial mold tests are as follows: i) the striker failed to fully secure the specimen,

ii) adhesive debonding occurred, iii) the panel could not remain intact after impact and was unsuitable for further
testing (Fig. 3).

Impact direction

Figure 3. Deficiencies in the Previous Mold: a) Adhesive Separation (b) Inability of the Striker to Clamp the
Specimen.
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Figure 4. Technical Rrawing of the First Mold and its Appearance After Production.

(Fig.4.) shows the traditional mold system used at the beginning. In this mold, since the fixation of the sample was
insufficient, it was observed that the sample was displaced after the impact, edge gaps were formed and separations
were observed in the bonding areas. These problems eliminated the suitability of the sample for the CAI
(Compression After Impact) test after the test. To overcome these problems, a new mold was designed by

applying structural and mechanical improvements to preserve the panel’s integrity after impact. The manufacturing

process was carried out in three stages: i) Design and Modeling — redesigning the mold based on previous test
observations and defining suitable dimensions, ii) Production — machining mold parts using milling, turning, and
drilling machines, iii) Assembly — assembling the parts to make the mold ready for testing.

To prevent adhesive-related damage, counter-support blocks were designed to fit the mold dimensions. This
approach restricted movement of the U-profile in the plane direction. A flat steel profile measuring 20 x 250 mm was
used and machined using a milling machine (Fig. 5). The processed steel profile was cut into two equal pieces and
mounted on both sides of the specimen inside the mold.

kv

Figure 5. Machining and Placement of Support Blocks into the Mold.

“~

a) b)

Figure 6. Technical Drawing of Mold Support Bars. a) Left Support Bar, b) Right Support Bar.

Support bars are one of the most critical structural elements of the modified mold system. These bars, shown in
(Fig.6.), are placed to prevent lateral movement of the sample during impact, to control the distribution of energy
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and to maintain structural integrity. The left and right support bars placed symmetrically inside the mold ensure that
the U-profile panel is fixed inside the mold. This fixation prevents off-axis shifting and torsion that may occur
especially due to impact.

Figure 7. Technical Drawing of the Mold with a Screw-Fixed Cover
The mold design shown in (Fig. 7) is an advanced version featuring a screw-fastened cover intended
to mechanically secure the specimen from all sides. This screw-based system enhances the

transmission of impact energy directly onto the panel while maintaining its position throughout the test. Among the
advantages of the screw system are adjustable clamping force, adaptability to different panel dimensions, and
creation of a repeatable test setup. Furthermore, the system allows for broader distribution of reaction forces
following impact, thereby reducing localized structural damage. However, during testing, it was observed that this
mold could not be properly mounted on the test device due to its overall height, which caused alignment issues. For
this reason, a more compact mold compatible with the device was selected instead.

Another identified issue was that the fixing arm (clamp) of the impact test device, shown in (Fig. 8), touched the
specimen instead of the mold, which damaged the sample. To prevent this, a new mold cover with adjustable height
and screw locking was designed to support the support blocks and prevent contact with the specimen.

This new mold cover was made of sheet steel to avoid adding extra weight. The sheet was cut to size and drilled on a
drilling machine. However, during tests, it was found that the mold could not be properly mounted on the testing
device due to excessive height, which caused errors and prevented testing. Therefore, a second redesign was carried
out. Two symmetric metal profiles with dimensions 30 x 100 mm and thickness of 35 mm were manufactured to
match the negative geometry of the U-profile panel.

Fixing element
Redesigned new mold and |
its cover

=1

1

Figure 8. Redesigned Mold and its Screw-Fixed Cover.
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Figure 9. Technical Drawing of the Modified Mold with Screw-Fixed System.

(Fig. 9) illustrates the technical drawing of a mold designed for maximum clamping security, reinforced with a
screw-fixed system. Initial tests revealed that this version could not be properly supported on the test device, limiting
its practical usability. Due to the height of the screw heads, the clamping arms of the testing machine could not align
correctly with the mold, resulting in damage to the specimen. Despite these limitations, the design holds theoretical
advantages: improved fixation through screws, controlled energy distribution, and dual-side impact testing
capability. For successful application, this mold would require further adaptation to integrate seamlessly with the
testing apparatus. These profiles were machined using a milling machine (Fig. 10). In this second design, the metal
profiles contact the fixture of the impact testing machine, and the screw-fixed cover was removed. Additionally, this
redesign enabled dual-sided impact testing, allowing the panel to be struck from both the upper and lower
surfaces (Fig. 11).

Figure 10. Machining and Assembly of Metal Profiles into the Redesigned Mold.

Impact direction (U -profile upper surface) ~ Impact direction (lower plate surface)

Figure 11. Dual-Sided Impact Testing Setup Inside the Redesigned Mold.
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Figure 12. Image of the Inverted Specimen Inside the Modified Mold.
(Fig. 12) shows the final mold configuration, which is fully compatible with the test device and used

in actual impact testing. The previously developed screw-fastened mold could not be used due to assembly and height
issues. Instead, this more compact mold with symmetrically positioned metal profiles was selected.

The specimen was placed in an inverted orientation to investigate behavioral differences under reversed impact
direction. The internal design of the mold ensured rigid fixation of the panel in both standard and inverted positions,
thus enabling repeatable test conditions. The preservation of

structural integrity post-impact confirmed the effectiveness and suitability of this mold system.

Experiments

This section describes the impact testing procedure using the newly developed mold (Fig. 10). The goal was to
evaluate the redesigned mold by comparing it with the previous version and to analyze whether the panel retained
its structural integrity after impact. The new mold was expected to provide a more robust structure, making the
specimen suitable for post-impact compression testing. Prior to testing, the stiffened panel specimens were prepared
and surface-treated. In the second step, the mold was mounted on the testing machine. The custom screw-fixed mold
cover was also installed. In the third step, the impact energy level was set, and the tests were performed at 30 J.
Force—time data was recorded for each specimen after impact.

RESULTS AND DISCUSSION

The impact test results conducted using the initial and redesigned molds were comparatively evaluated. The primary
goal was to assess whether the adhesive bond separations observed in the first mold (Fig. 4) were resolved in the
newly designed mold. Figure 8 shows the force—time graph of impact tests performed using the redesigned second
mold. Each test was repeated twice. The consistency between the tests indicates that the redesigned mold meets the
necessary manufacturing standards. The force increased linearly until reaching its maximum value, and then
decreased parabolically to zero. In the test image presented in (Fig. 13), it is observed that although the striker
pierced the panel, no adhesive failure occurred at the bonding surfaces. This clearly demonstrates the effectiveness
of the redesigned mold.

Redesigned second mold

Time (ms)

24 experiment

Force (N)
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Figure 13. Force—Time Diagram of Specimens Tested with the Redesigned Mold.

First designed mold

14 experiment
T experiment

Reaction Force (N)

Tine (ms)

Figure 14. Force—Time Diagram of Specimens Tested with The First Mold.

In (Fig. 13), a single controlled peak force around ~3500 N is observed for the 30 J impact test. (Fig. 14) shows the
force—time diagram of the specimens tested with the first mold. The modified mold distributed the impact energy
more effectively, stabilized the peak force, provided more regular damping after the impact, and enabled controlled
energy absorption by the structure. These results demonstrate that the mold modification improved both the
structural strength and the post-impact stability of the system.

CONCLUSIONS

In this study, deficiencies in the mold designed for impact testing of stiffened panels were evaluated, and an improved
mold design was developed. The edge openings and adhesive debonding observed in earlier tests prevented the panel
from maintaining structural integrity after impact, making it unsuitable for subsequent compression testing. To
address these issues, side support mechanisms were reinforced, fastening elements were improved, and design
modifications were implemented to ensure more balanced distribution of impact energy. The following
enhancements were included in the new design:

¢ Reinforced side support mechanisms: Lateral supports were added to prevent edge openings due to impact
loading.

e Improved fastening components: Alternative bonding methods were used to prevent adhesive failures.
Enhanced energy distribution: Additional components were machined and inserted to improve the mold’s
energy absorption capability.

¢ Dual-side impact testing capability: A new mold cover was designed to allow specimens to be flipped, enabling
impact from both top and bottom surfaces.

As a result, this study presents a more reliable method for evaluating the impact resistance of stiffened composite
panels.

Acknowledgments

This study was supported by The Scientific and Technological Research Council of Tiirkiye (TUBITAK) under the
project number 123M357.

REFERENCES

[1] Eringen, A. C., & Edelen, D. (1972). On nonlocal elasticity. International journal of engineering science, 10(3),
233-248. W. Li, Z. Ma, P. Shen, C. Luo, X. Zhong, S. Jiang, W. Bai, L. Xie, X. Hu, J. Bao. Preparation and
Validation of a Longitudinally and Transversely Stiffened Panel Based on Hybrid RTM Composite Materials.
Materials. 16(14), 5156.2023.

[2] Li, Y., Xiao, Y., Yu, L., Ji, K., Li, D.S. A review on the tooling technologies for composites manufacturing of
aerospace structures: Materials, Compos. Part A Appl. Sci. Manuf. 2022, 154, 106762.

264
Copyright © 2024 by Author/s and Licensed by JISEM. This is an open access article distributed under the Creative Commons Attribution
License which permitsunrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.



Journal of Information Systems Engineering and Management

2025, 10(44s)
e-ISSN: 2468-4376
https://www.jisem-journal.com/ Research Article

[3]
[4]
(5]

[6]
[7]

[8]
[9]

[10]
[11]

[12]
[13]
[14]
[15]
[16]
[17]
[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Li, F., Zhang, S., & Cheng, W. (2022). Application and Optimization of Wing Structure Design of DF-2 Light
Sports Aircraft Based on Composite Material Characteristics. Journal of Nanomaterials, 2022(1), 6967016.
Tan, R., Guan, Z., Sun, W., Liu, Z., & Xu, J. (2018). Experiment investigation on impact damage and influences
on compression behaviors of single T-stiffened composite panels. Composite Structures, 203, 486-497.
Candido, G. M., Sales, R. D. C. M., Arbelo, M. A., & Donadon, M. V. (2022). Failure analysis in secondary bonded
T-stiffened composite panels subject to cyclic and quasi-static compression loading. International Journal of
Adhesion and Adhesives, 118, 103199.

Cheng, L., & Chen, X. (2023, August). Analysis of interfacial de-bonding failure on stiffened composite panel.
In Journal of Physics: Conference Series (Vol. 2553, No. 1, p. 012026). IOP Publishing.

Sayman, O., Arikan, V., Dogan, A., Soykok, I. F., & Dogan, T. (2013). Failure analysis of adhesively bonded
composite joints under transverse impact and different temperatures. Composites Part B: Engineering, 54, 409-
414.

Wang, J., Chen, B., Wang, H., & Waas, A. M. (2015). Experimental study on the compression-after-impact
behavior of foam-core sandwich panels. Journal of Sandwich Structures & Materials, 17(4), 446-465.

Eugster, S. R. (2015). Geometric continuum mechanics and induced beam theories (Vol. 75). New York:
Springer.

Suhubi, E. S. Functional Analysis [electronic resource].

Yan, L., & An, X. (2020, May). Study on molding Process for hat-stiffened composite panels. In 2020 3rd
International Conference on Electron Device and Mechanical Engineering (ICEDME) (pp. 424-427). IEEE.
Kim, G. H., Choi, J. H., & Kweon, J. H. (2010). Manufacture and performance evaluation of the composite hat-
stiffened panel. Composite Structures, 92(9), 2276-2284.

Lee, S., Elaldi, F., Villalobos, H., & Scott, R. F. (1995). Design and Manufacture of Stiffened Composite Panels.
Science and Engineering of Composite Materials, 4(2), 121-130.

Huang, X., Yue, Z., Wang, P., Chen, X., & Geng, X. (2017). Molding process influence on pull-off performance
of composite stiffened panels. Fibers and Polymers, 18, 957-964.

Ju, X., Xiao, J., Wang, D., Zhao, C., & Wang, X. (2021). Research on the manufacturing quality of co-cured hat-
stiffened composite structure. Materials, 14(11), 2747.

Lin, Y., Qian, W., Lei, L., Liu, Y., Zhang, J., Liu, J., ... & Wu, S. (2025). Structural integrity issues of composite
materials and structures in advanced transportation equipment. Composite Structures, 118943.

Braga, D. F., Tavares, S. M. O., Da Silva, L. F., Moreira, P. M. G. P., & De Castro, P. M. (2014). Advanced design
for lightweight structures: Review and prospects. Progress in Aerospace Sciences, 69, 29-39.

Ariffin, A. H., Latif, N. A., bin Mahmod, M. F., & Mohamad, Z. B. (Eds.). (2023). Structural integrity and
monitoring for composite materials. Springer.

Ramesh, M., Selvan, M. T., & Saravanakumar, A. (2025). Evolution and recent advancements of composite
materials in structural applications. In Applications of Composite Materials in Engineering (pp. 97-117).
Elsevier Science Ltd.

Orfanidis, S., Kosarli, M., Karagianni, M., Paipetis, A. S., Papavassiliou, G., & Fardis, M. (2023). Structural
integrity and healing efficiency study of micro-capsule based composite materials via 1H NMR relaxometry.
Scientific Reports, 13(1), 12189.

Shabani, P., Li, L., Laliberte, J., & Qi, G. (2024). Compression after impact (CAI) failure mechanisms and
damage evolution in large composite laminates: High-fidelity simulation and experimental study. Composite
Structures, 339, 118143.

Lyu, Q., Wang, B., & Guo, Z. (2023). Predicting post-impact compression strength of composite laminates under
multiple low-velocity impacts. Composites Part A: Applied Science and Manufacturing, 164, 107322.

Tuo, H., Lu, Z., Ma, X., Zhang, C., & Chen, S. (2019). An experimental and numerical investigation on low-
velocity impact damage and compression-after-impact behavior of composite laminates. Composites Part B:
Engineering, 167, 329-341.

Mouzakis, D. E., Charitidis, P. J., & Zaoutsos, S. P. (2024). Compression after Impact Response of Kevlar
Composites Plates. Journal of Composites Science, 8(8), 299.

Li, H., Zhang, Q., Jia, J., Ji, C., Wang, B., & Yan, S. (2020). Study on low-velocity impact damage and residual
strength of reinforced composite skin structure. Materials, 13(11), 2573.

265

Copyright © 2024 by Author/s and Licensed by JISEM. This is an open access article distributed under the Creative Commons Attribution
License which permitsunrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.



