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ABSTRACT: Present study investigates the effect of the presence of shear-thickening fluid (STF) on the
soft impact behavior of ultra-high-density polyethylene fibers (with trade name of Dyneema). Ballistic
gelatin was used as the soft projectile material, and STF in pure and modified states was distributed by
pressure between two layers of Dyneema fibers with cross-layering. To compare Dyneema targets in the
absence of STF and also impregnated with it, they were loaded with soft projectiles with a mass of 5.5
¢ and average initial velocity of 86 m/s. The neat Dyneema fibers were permanently damaged due to
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perforation of the projectile with a bulge in the range of 35 mm and 54% of kinetic energy is absorbed. Keywords:
The presence of STF significantly increased the strength of the targets in both pure and modified ¢ .. Thickenin ¢ Fluid
conditions and the permanent bulge fell below the 3 mm. None of impregnated samples suffered from Soft proiectil

oft projectile

perforation due to a significant increase in interlayer friction and the extent of damage and permanent
bulge was significantly reduced. In absence of the STF solvent (dried condition), the interlayer friction
increased further and the samples did not experienced measurable bulge and observable damage. The
results indicate the very effective performance of STF in increasing the strength of structures against soft

Dyneema Fibers

Bird Strike

impact, without imposing significant weight and cost penalties.

1- Introduction

Soft-body impacts, including bird strikes and liquid
droplet impacts, are critical design considerations in aerospace
and mechanical systems. These impacts can cause severe
structural damage due to the transfer of momentum over a
relatively large area. Traditional approaches to improving
impact resistance include increasing thickness, adding
reinforcements, and using sandwich structures. However,
these approaches often increase weight and reduce efficiency.

In recent years it is suggested to use fluids as the core of
sandwich structures [1]. Shear thickening fluids (STFs) are a
promising alternative. STFs are dense colloidal suspensions
consisting of solid nanoparticles dispersed in a liquid carrier
[2]. Their viscosity increases rapidly when subjected to high
shear rates, enabling them to absorb and dissipate energy
effectively. When impregnated into fiber structures, STF
enhances inter-fiber friction and improves load distribution,
leading to improved impact resistance. The first acceptable
results were obtained by impregnating fabrics with this
fluid in textile structures to enhance impact resistance [3].
Other studies investigated the use of STF within the core of
sandwich beams with different thicknesses and increased
the damping ratio of the beams by employing this fluid [4].
Bird strike simulation using the SPH approach in LS-DYNA
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software was performed on the aircraft wing leading edge, and
the wing structure was optimized to sustain minimal damage
after impact [5]. The use of Kevlar fabrics impregnated
with STF and their integration with glass fiber reinforced
plastic composite structures has resulted in increased energy
absorption under high-velocity impacts [6].

Although STF has been widely studied in ballistic and
stab protection, its effectiveness under soft impact conditions
remains insufficiently explored. In the present study, the
effect of using shear thickening fluid in its conventional and
modified states on the behavior of targets made of ultra-high-
molecular-weight polyethylene fibers subjected to soft impact
has been investigated. These fibers are commercially known
as Dyneema. To this end, the soft projectile was fabricated
using a composition of ballistic gelatin and silicone molding,
and the targets were prepared through fluid impregnation
using a pressure-assisted method. No other material was used
in the fiber structure in order to specifically investigate the
behavior resulting from the presence of STF. Finally, the
results of the impact of the soft projectile fired from a gas gun
are examined and discussed.

2- Materials and Experimental Method
Ballistic gelatin projectiles were fabricated to simulate
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Fig. 1. (a) Final prepared soft projectiles using ballistic
gelatin and (b) the technical drawing of the projectile.

soft projectiles. The average projectile mass was 5.5 g, and
impacts were conducted using a gas gun with velocities
ranging from 80 to 92 m/s.

Figure 1 illustrates the prepared soft projectile as well as
its technical drawing.

STF was prepared using fumed silica nanoparticles and
polyethylene glycol (PEG 400) as the carrier fluid. A modified
STF was also synthesized through chemical modification of
PEG to enhance performance. Figure 2 depicts the nonlinear
rheological behavior of synthesized STF in pure and modified
conditions.

Dyneema fiber sheets were used as target materials.
Two layers were arranged in a cross-ply configuration.
Impregnation was performed using pressure to ensure
uniform STF distribution. Some specimens were tested in
wet conditions, while others were dried to remove solvent.
Three types of specimens were tested: Neat Dyneema
fibers without STF, fibers impregnated with pure STF and
fibers impregnated with modified STF. Impregnation was
performed using pressure to ensure uniform STF distribution.
Some specimens were tested in wet condition while others
were dried to remove solvent.

A single-stage gas gun capable of generating medium to
high velocities was used to launch soft projectiles toward the
targets. This apparatus consists of a high-pressure air reservoir,
a launch barrel, and a target chamber. The system is equipped
with two velocity sensors at the inlet and outlet, which, in the
event of target perforation and projectile passage, can be used
to calculate the amount of absorbed kinetic energy.

3- Results and Discussion

The neat Dyneema specimens were perforated in all tests.
Permanent bulging of approximately 35 mm was observed,
and projectile exit velocity indicated that about 54% of the
kinetic energy was absorbed. In contrast, STF-impregnated
specimens showed dramatic improvement. No perforation
occurred in any STF-treated specimen. Permanent
deformation was reduced to less than 3 mm. Modified STF
provided even better performance, reducing deformation to
approximately 1.3 mm in wet conditions and eliminating
measurable deformation in dry conditions. The improvement
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Fig. 2. (a) Rheological behavior of STF in (a) pure and
(b) modified conditions.

is primarily attributed to increased interlayer friction. STF
restricts fiber movement and distributes stresses over a larger
area, preventing localized failure. Drying process further
increases friction by increasing nanoparticle interaction.
Figure 3 (a) shows the side view of neat specimen which
is thoroughly perforated by soft projectile. Also the normal
view of the specimen which is impregnated by pure STF is
demonstrated in figure 3 (b).

The results confirm that STF significantly enhances
soft impact resistance. STF effectively improves resistance
by increasing in-plane shear strength and friction. The
modified STF showed superior performance due to enhanced
rheological properties and stronger interaction with fibers.

4- Conclusion

This study experimentally demonstrated the effectiveness
of STF in improving soft impact resistance of Dyneema fibers.
Key findings include: STF prevented projectile penetration
completely whereas permanent deformation was reduced
by more than 90%. Also it is observed that modified STF
provided the best performance. Improvements were achieved
without significant weight increase. The results suggest that
STF-impregnated fiber structures are promising candidates
for aerospace, protective, and energy applications where soft
impacts are critical.
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(b)

Fig. 3. (a) Neat specimen perforation (b) Normal view of
specimen impregnated by pure STF
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Fig. 9. Use a high-speed mixer for the final mixing of
silica fume into PEG.

54 o1y 43 S5V o1l U il o ] LS A JS.5

Fig. 8. Initial mixing of silica fume with PEG using an
ultrasonic mixer.
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Fig. 11. Mixing PEG and Adipic acid in the sonication
bath.
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Fig. 10. The final texture of pure STF.
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Fig. 13. Oil bath to complete the shaving process.
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Fig. 15. Addition of silica foam to modified PEG.
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Fig. 12. Adding catalyst and solvent in a nitrogen envi-
ronment.
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Fig. 14. Final shape of the modified carrier fluid.
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Fig. 16. Final shape of modified STF in dry state.
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Fig. 17. Exterior and interior view of the FT-IR device.
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Fig. 18. Infrared spectra of PEG 400 and PEG 400 modified by adipic acid.
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Fig. 19. Parallel plate rheometer device.
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Fig. 20. Viscosity graph versus shear rate: a) Modified STF b) Pure STF.
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Fig. 21. (a) Adding STF to the fibers (b) Placing the fibers with STF under the press (c) Fibers impregnated
with STF.
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Fig. 22. Gas gun device and its components.
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Fig. 23. Sample placed in the target chamber of the gas
gun device.
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Table 1. Summary of soft impact test results.
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Fig. 24. Soft object impact damage on neat Dyneema fibers (without STF) (a) side view and (b) from the front
view behind the impact site.
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Fig. 25. (a) Dyneema fibers impregnated with pure STF in the wet state (b) Fiber damage from soft object
impact on the back-sheet (note permanent fiber deflection) (c) Fiber damage on the front-sheet.

& " u - g _‘u
= P o s N SR A RS
(@) (<) ()

ol () gl dxio 13 035 ot 38 1l 0 BT Conl (&) Sid s 3 (A Jluw 4 suddie] glowyls SUI (A1) Y8 IS
o Ao 4> LI

Fig. 26. (a) Dyneema fibers impregnated with pure STF in the dry state (b) Fiber damage from soft object
impact on the front panel (¢) Fiber damage on the back panel.
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Fig. 27. a) Dyneema fibers impregnated with modified STF in the wet state (b) Fiber damage from soft object
impact on the front panel (¢) Damage on the back panel.
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Fig. 28. a) Dyneema fibers impregnated with modified STF in dry state (b) Front panel from front view (c) Back
panel from side view.

Jw sgin oS ol Lt p 5 &y b Y Cop o)) (28 b
o) ol azily Glaal 4 03y (clacww] ials )3 (550 Jlaw L8
o] 5015 g il San ¢ Jlw Ol 3 &l oy
Oz 9 )lis S8 dr Jhuw d9ds B9y 43,5 3)ly SUI UL & >
Slao] Gl g9; » oguine b Db Jlw 038 St
Do gols i saalie Glaal 1 o) Bsile ol § cusly gluY e
slaojlo plSoul Gl ¢y 9 dleiiy ploe 4 Wlge pol

S 58 a2 g5 3590 )3 S8 £33 0)55 0 S plp > &S e

Ol SUI S oadeaisl Blaal )8 (g 4yl gk 5

odsanie] blys )3 oS Sloj py 3y95 0 plp 0 (luld) pSiw 399
55 305 pobaie o0 il wdly 5 oxdpdol by palls Jlw 4
SISl )3 atej olgin dlge b 3,8 51 Jhoo )8, 436 (g, 5
S kalyd 3 ISl daw (g Jedys e 4 S Gy
Sldxiio yg)0 (sl s cullad donis)d 5 039 Srowg b IS puss p )

S o Wyl dys ud ialS > (655550 iE Y e SKlasl

VIAY



VAS V15O docio VFF Jlo & oyl DV 093 «pusS prol CSilSlo nbies &y yui

40

35

30

mm} il Loy,

10 A

[ RIBIAY
[ RIXBIAY

W s b

STF
(ot ) palls (Stis) jalls () edds mM! (55 0t LotGns ) outis g Mol

o sl
STF

STE

STF as STF

w31 05! lisee byl wd 13,50l (5ol 9 (4o d o (519 (Slalao 15905 YA S

Fig. 29. Bar chart comparing the residual bulge under different conditions of STF use.
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