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Abstract: This study aims to develop knee protectors that provide high safety and fitness, while incorporating a motion-
adaptable 3D-printed pad. These protectors were evaluated by individuals who experience knee discomfort or pain. The
results are as follows. First, the 3Dprinted pad design of a hexagonal mesh structure, which is modeled for excellent
appearance and knee movement. Each unit of the mesh has a outer layer of 2mm thick, a spacer layer of 1 mm in diam-
eter, and is connected by a 1.5 mm bridge. The bridge was extended up to 1.2 cm. Second, the knee brace was designed
in three types - cylinder, strap, and combination by Universal design. Impact protection measurements of the three knee
protectors demonstrated roughly 80% reduction in impact. Third, based on usability evaluation, cylinder type protectors
have the highest ratings in most areas, primarily because of their ease of use. The strap type protector received positive
reviews in terms of appearance and care, and the combination type provided stable knee protection. This study demon-
strated the potential industrial application of 3D printing technology by designing and evaluating protective products for
the human body. The results of this study are expected to aid knee protector manufacturers in developing practical prod-
ucts and promoting the development of protective equipment for other body parts or purposes.

Key words: 3D printing (3D Z#8), protective pad (3% 3 =), knee protector (- 2-&f)), usability evaluation (*F-4d H71)
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Table 1. Materials of knee protectors

Loop

Fabric 1 o M Neoprene
Nylon
Nylon

Fabric 2 oo ‘ Neoprene
Nylon
Nylon
Nylon

Fig. 1. 3D Pad fabrication process for knee protector; (a) Modeling process of the 3D printing pad, (b) Slicing for G-code generation, (c) 3D printing

pad output process.



Table 2. Material properties of knee protectors
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Properties Test methods Fabric 1 Fabric 2 Fabric 3
Nylon(86.1)
F lon(1 Nylon(1
ace Polyurethane(13.9) Nylon(100) ylon(100)
Fiber content (%) KS K 0210:2018 Middle CR - Chloroprene CR - Chloroprene CR - Chloroprene
Rubber Rubber Rubber
Back Nylon(100) Nylon(100) Nylon(100)
Thickness (mm) KS K ISO 5084:1996 35 2.4 19
Weight (g/mz) KS K 0514:2017 738.3 369.1 449.9
. Warp 133.9 852 88.6
Tearing strength(N) KS K 0534
Wett 161.5 86.8 99.0
Abrasion resistance KS K 0540 At a pressure of 40 kpa, there was no hole ger?eratlon when rubbing with the abrasive paper 300
times.
Color change 4-5 4-5 4-5
Stain of attachments
lor f -4 4- 4-
Color fastness to ¢ ¢ 190y 105-C06 (Polyamide) 3 > >
accelerated washing )
Stain of attachments 45 45 45
(Cotton)
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Fig. 2. Impact performance test of protector.
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Table 3. The design features of knee protectors
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Type

Features

Cylinder

v
Four incisions

v
Curved design

- The front part is segmented at the knee line to wrap
naturally around the knee.

- The back part is designed with concave curves up and down
to prevent discomfort from wrinkles when the knees are
bent.

: Three wings
4,/< . Nylon
Strap 7

Loop
A

- It is designed with three wings to securely wrap around the
knee.

Fix to overlap

/N
/

N

Combination

-

Connect the ends of the wings
A

- The wings are designed to cross over each other on both
sides, which prevents the bottom of the knee protector from
lifting up.

- It has a strong anchoring force and adheres well to the knee.

18cm

4em
7em|
Ilem
/l abric 2 x2

iLmI

4 )“{ ; Fabric ; Igun

T 165m

)( m

Fig. 5. Knee protector pattern of cylinder type.
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Table 4. Image of 3D knee protectors worn

Type Front Back Pad insert
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Table. 5. Knee protectors usability evaluation results

iy L Mean(S.D.) ,
Classification Evaluation items X
Cylinder Strap  Combination
Eauitabl 1. T can use the knee brace without being conscious of other's eyes. 4.89(33) 4.22(.83)  3.56(1.13) 873"
uitable use -
d 2. It is a product that looks comfortable and 1 want to try it. 4.56(.72)  4.33(.70) 3.22(.83) 10.55
Simple & intuitive 3. The way to wear knee protector is easy to see. 4.89(33) 4.11(78) 333(.70)  14.69
use 4.1 can intuitively understand how to use it. 478(44)  444(52)  322(120) 1020
_5.1Itis easy to operate when I wear it. 5.00(00) 422(66) 3.00(1.11) 1571
Flexibility in use . . -
6. 1 can use it anytime, anywhere. 4.89(33)  4.33(.70)  3.22(1.20) 10.97
7.1 can operate it safely and accurately. 4.89(33) 4.67(50) 3.67(.86) 10.94

Tolerance for error .
8. I can simply return to the original state even if making a mistake when wearing it. 5.00(.00)  4.67(.50)  3.89(.78)  11.60

) 9. It is convenient to wear alone without others’ help. 4.78(44)  4.56(.52) 3.89(1.26) 4.41
Loweg,];fts‘cal 10. T can wear it without putting too much force on my body. 467(50) 433(86) 3.67(132) 414
11. T can wear it without unnecessary movement. 4.44(.88)  4.11(1.16) 3.89(.78) 3.38
Size and space for 12. It is the right size and shape to carry or store. 4.67(.50)  4.22(.83)  3.11(1.05) 10.62"
approach and use 13, It is appropriate in size or shape. 433(.86) 4.22(97) 3.33(1.00) 4.87
Appearance and 14. I have a friendly impression to the color or shape of the product. 422(1.20) 4.44(.52) 3.44(1.01) 5.19
management 15, | think washing and maintenance is simple. 422(1.20) 4.33(.86) 3.56(1.42) 2.07
16. It is comfortable to wear on my leg. 4.11(1.05) 4.00(.70)  3.89(1.05) 20
17. 1 don't feel any foreign body sensation when wearing it. 422(97) 4.00(.86) 3.44(1.01) 1.61
Wearing comfort
18. I don’t feel heavy when wearing knee pads. 4.00(1.22) 4.11(.78)  3.56(1.01) .84
19. The protector’s pad is soft. 4.44(.72)  4.22(.83) 3.22(1.09) 6.71°
20. There is no lifting from the pad when bending the knee. 4.44(.52)  4.11(1.05) 3.67(1.11)  2.19
21. There is no excessive wrinkles when bending the knee. 422(44)  422(83) 3.22(1.09) 622
Physical fitness
22. The pad size of the knee protector is appropriate. 4.44(.72)  4.22(.83) 3.44(1.01) 5.84
23. Is the knee pad suitable for the human body? 4.11(.78)  4.22(97) 3.33(1.11)  5.03
24. 1t is convenient to move when I bend the knee. 4.56(.52)  4.00(1.00) 3.22(1.20) 629"
Movements 25. It is comfortable to crouch down. 4.44(.72)  4.22(83) 3.33(1.11) 526
adaptability ~ 26. It is convenient to move up and down the stairs. 4.78(44)  4.44(.72)  4.00(1.11) 291

27. The knee protector secured to the knee when going up and down the stairs. 4.56(.88)  4.44(1.01) 4.11(.92) 1.10

*p<.05, ¥*p<.01, ***p<.001
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