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3D Patterm Development of Functional Women's Swimwear To Improve the
Appearance and Stability of Chest Region
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Abstract

Considerable number of women are enjoying swimming, however, the chest-region of swimsuits including cup inserts
are not stable during swimming. The purpose of this study was to explore alternate designs and methods of stabilizing
the breast cup to the swimmer’s body by using 3D technology to design and position the pad and cup pattern of
the swimming suit.

To position the pad optimally, a 3D pattern of a nude woman was divided into blocks and different reduction rates
were applied to blocks around the outlines of the breast. Two types of 3D patterns were developed. The first, referred
to as the ’basic 3D pattern’ provided for the curved surface of the breast point to be maintained with the remaining
slack distributed evenly along the neckline, armhole and side seam. The second, referred to as the '1/3 shoulder moved
3D pattern’ ignored the curved nature of the breast point by overlapping, with the resulting position of the shoulder
strip moved toward the center. Three women of corresponding size and body shape evaluated the two 3D pattern
designs as well as the conventional 2D pattern style of swimsuit. Respondents rated the‘the basic 3D pattern’ design
highest in terms of stability and easy of movement in the chest region.

Keywords: swimming suit, swimsuit, swimwear, chest region, breast pad, clothing pressure, 3D pattern
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[ Figure, 11 Measurement points for clothing pressure
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[Figure, 3] Actual curve for larger
breast applied to the female subject
by Rhino CAD
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[Figure 4] Rhino CAD for original breast
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[Figure 17] Comparison of the two types of
with the Secoli pattern

(Table 2) Size comparisons of three different patterns
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front back front back front back
Area () 795.12 791.89 784.12 791.89 765.91 761.36
Shoulder length(cm) 23 223 19.3 223 235 19.7
Neck depth(cm) 15.60 11.87 15.80
Arm hole depth(cm) 19.5 18 18.5
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(Table 3) Wear test of the experimental swimming suit
Mean(standard deviation) n=3

_ 173 .
Factor Substance 3D basic shoulder Secoli Total F
moved
overall movement 4.33(.58) 3.33(.58) 4.33(.58) 4.00(.71) 3.0
wear pressure 4.00(.00) 2.33(.58) 4.33(.58) 3.56(1.01) 15.5%%
sensation Mean 4.17(.29) 2.83(.58) 4.33(.58) 3.78(.86)
front neck line 4.33(.58) 2.67(.58) 4.67(.58) 3.89(1.05) 10.33*
back line 4.67(.58) 3.33(.58) 4.00(.00) 4.00(.71) 6.00*
shoulder line 3.67(.58) 2.33(.58) 4.67(.58) 3.56(1.13) | 12.33%*
pressure arm hole 4.67(.58) 3.00(1.00) 4.33(.58) 4.00(1.00) 420
sensation breast 4.67(.58) 3.67(.58) 3.33(.58) 3.89(.78) 433
waist 4.33(.58) 3.33(.58) 3.33(.58) 3.67(.71) 3.00
legs 4.67(.58) 4.00(.00) 3.33(.58) 4.00(.71) 6.00%
Mean 4.43(.60) 3.19(.60) 3.95(.50) 3.86(.90)
front by arm 433(1.15) 3.33(.58) 4.33(.58) 4.00(.87) 1.5
movement T v U B '
back by arm movement 4.67(.58) 3.00(.00) 3.67(.58) 3.78(.83) 9.5%
side by arm movement 5.00(.00) 2.67(1.15) 4.33(.58) 4.00(1.22) 7.8%
t it
op and botiom by 433(58) 3.00(.00) 433(58) 3.89(.78) 8.0%
arm movement
comfortablem
ovement left and right by arm 4.67(.58) 3.33(.58) 4.33(.58) 4.11(.78) 433
movement
breast by free
movement including 4.67(.58) 4.67(.58) 3.33(.58) 4.22(.83) 5.3*
arm
Mean 4.61(.60) 3.33(.50) 4.05(.58) 4.00(.90)
covering breast without | o 5o, 4.67(.58) 2.67(57) 400(1.12) | 12.0%*
any discomfort B B o ' ' '
size fitting well 4.67(.58) 4.67(.58) 4.00(1.00) 4.44(.73) 80
suitability of
breast cap No displacement of
breast cap and breast 4.67(.58) 4.67(.58) 3.67(.58) 4.33(.71) 3.0
by movement
Mean 4.67(.58) 4.67(.58) 3.45(.70) 4.26(.90)
Mean of total 4.47(.63) 3.50(.57) 3.95(.57) 3.98(.90)

*<.05, **p<.01

5 points scale : 5 is the best
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( Table 4) Clothing pressure for three different patterns (unit: kPa)

Pattern

Part Secoli 3D basic 1/3 shoulder moved
1 Shoulder(F) 0.24 0.35 0.46
2 Bust point 0 0
3 Innermost point 0.04 0 0.13
4 Outermost point 0.98 0.64 1.10
5 Waist(F) 0.03 0
6 Lliac crest 0.88 0.61 0.73
7 Pectineus bounds 0.27 0.26 0.33
8 Pubis top point 0.76 0.76 0.63
9 Shoulder width line of garment 0.97 0.84 0.78
10 Scapula lower point 0.58 0.48 0.33
11 Waist(B) 0.21 0.11 0.14
12 Hip projection point 0.55 0.6 0.56
Mean 0.46 0.39 0.43
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[Figure 18] Clothing pressure for three patterns at each body parts

in Table 4

(Table 5) Appearance evaluation for three different patterns

Mean(standard deviation) n=3

. 1/3 shoulder .
Item Pattern 3D basic Secoli Total F
noved
breast up 4.2(.45) 4.2(.45) 3.8(1.10) 4.07(.70) .50
pushing inward of breast 4.0(1.0) 4.6(.55) 3.2(1.10) 3.93(1.03) 2.96*
breast volume 3.80(.84) 4.20(.45) 3.80(.84) 3.93(.70) .50
breast shape 4.0(.71) 4.0(.71) 3.80(.84) 3.93(.70) 12
no torsion in cloths 4.80(.45) 3.80(1.10) 3.00(1.00) 3.87(1.13) 5.08*
optimal arm hole depth 4.00(1.0) 4.20(1.10) 4.5(.58) 4.21(.89) 31
arm hole shape 3.80(.84) 3.0(1.41) 4.5(.58) 3.71(1.14) 2.36
front neck line 4.40(.89) 4.00(1.22) 4.75(.50) 4.36(.93) .70
back line 4.20(1.10) 4.80(.45) 4.75(.50) 4.57(.76) 93
overall appearance 4.20(1.10) 4.40(.89) 4.50(.58) 4.36(.84) 13
Mean 4.14(.84) 4.12(.83) 4.06(.77) 4.09(.88) 1.36
5 points scale: 5 is the best
*p<.05
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