
Abstract
This study aims to design soft body armour by evaluating the effect of ply

configuration and hybridization. UHMWPE and PBO (Zylon®) yarns were used to

make fabrics and along with commercially available Dyneema® UD SB51 sheet (250

g/m2), 10 different soft armour panels (~4.9 kg/m2) were prepared. The panels varied

in the layering sequence of UD fabric, 2D neat and STF treated fabrics and were

evaluated for ballistic performance in terms of back face signature (BFS).

The BFS was found to be below 44 mm in all cases. Placing UD fabrics in the

strike face is more effective in reducing the BFS. Fabrics having higher modulus with

low extension at the front and again at the back resulted in better performance.

Finally, panels layer having STF treated fabrics showed lower BFS, particularly

when placed as the backing.

Introduction
• Approaches to reduce the weight of soft armour panels: STF impregnation and 

hybridization. 

• STF treatment increases friction and energy absorption through the inherent STF 

phenomenon. 

• Hybridization works by synergistically combining the complementary properties 

of different materials to improve performance and to reduce weight.

• Fabric structure also plays an important role: UD, 2D, etc.

• UD is monolithic in structure; able to deform and blunt the bullet’s sharp tip.

Materials and Methods
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Conclusions
• Soft armour panel with 4.9 kg/m2 areal density was designed.
• Achievable BFS= 30-32 mm.
• STF treatment reduces the BFS.
• Design strategy: UD sheet in the front layer/woven fabric in the middle 

layer/woven fabric at the back, preferably STF treated.
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Industrial Significance
Soft armour panels with areal density 4.9 kg/m2 giving BFS less than 44 mm are 

achievable with hybridization and STF treatment.

Technology Readiness Level
TRL 3

Designing of hybrid soft body armour using unidirectional 
and high-performance woven fabrics impregnated with shear 

thickening fluid
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Fabric 

code

Yarn type Linear 

density

(denier)

Fabric sett

(inch-1)

Areal 

density 

(g/m2)

Z Zylon® 1000 30×30 282

PE UHMWPE 1300 23×23 307

Panel code Alternative 

code 

No. of layers Areal density of 

armour panel

(kg/m2)

U/Z A 10L/8L 4.84

U/PE B 10L/8L 4.82

U/Z/PE C 10L/4L/4L 4.85

U/PE/Z D 10L/4L/4L 4.85

U/Z/Z* E 10L/4L/4L 4.97

U/PE/PE* F 10L/4L/3L 4.75

U/Z/PE* G 10L/5L/3L 5.0

U/PE/Z* H 10L/4L/4L 4.92

PE/Z*/U I 4L/4L/10L 4.97

Z/PE*/U J 5L/3L/10L 4.97

BFS measurement

Diluted 

STF

Fabric Direction of 

padding

Padding 

rollers

STF treatment

STF
Sonication bath, 8 hours

Powder silica + PEG (65% loading)

Oven dried,100 °C

8 hours 

Powder silica

Preparation of STF
50.8 mm

Woven fabrics with 

diamond stitch

UD fabrics

(SB51)

Panel assembly with 

border stitch

Panel preparation

Neat UHMWPE Neat Zylon®

STF treated UHMWPE STF treated Zylon®

Yarn pull-out

Yarn rupture

Windowing effect

No yarn rupture

UD fabric in front: Extensive radial deformation

2D woven fabric in front: Localised radial deformation

U/Z U/PE

PE/Z*/U Z/PE*/U

BFS

BFS

BFS

Single layer fabric impact modulus

Last Perforated layer in 

first segment

Perforation up to 

last segment

High modulus Low modulusIntermediate modulus
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Displacement

Displacement
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Restrain

Low,

intermediate

or high modulus

Expected 

perforated 

layer

Displacement

Restrain

Deflection of 

fabrics is singly 

evaluated

Flow behaviour of STF Impact energy absorption

Failure mode post  dynamic impact

Back face signature

Bullet deformation post ballistic impact

Normalized perforation ratio vs BFS

𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑 𝑝𝑒𝑟𝑓𝑜𝑟𝑡𝑎𝑖𝑜𝑛 𝑟𝑎𝑡𝑖𝑜 =
σ 𝑛𝑖×𝑎𝑖

𝐴

Radial deformation at the strike face Hypothesis of panel configuration in hybrid soft armour

Dynamic impact evaluation

Weapon: 9X19 mm, barrel

Velocity: 430 ±15 m/s

Entry VMS

Exit VMS
Target

Hemispherical indenter

Additional weights

Circular jaws with 

serrated metallic 

surface


