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Abstract We are at the dawn of a new era in which the importance of robots will be evaluated on the
basis of not only their functions but also their appearance. Therefore, those manufacturers who continue
to develop robots that only offer convenience and do not keep up with the emerging trends might be
weeded out from the robot market in the future. This study empirically tested and verified the ways in
which the commercial value of wearable robots is enhanced when they are stylishly attired, using user
and work environment analysis. For the purpose of this study, a styling development project for
wearable robots was undertaken and applied to the actual development of these robots. Based on the
results of the study, a new styling process for such robots was established. Those manufacturers who
will realize the importance of styling of robots and develop robots using this process shall become the
trendsetters in designing stylized robots and lead the robot industry in the future.
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Fig. 1. Iron Man sketch, Daniel STONe, 2014
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Fig. 4. Assembly process for high loads
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Table 2. Priority list of manufacturing processes’
Index for regular Index for wearable robot
working environment working environment
Score Score
Item Item
Q) (B)

1 | Frontseat loading 26 1 Crush pad 36
2 Door 25 Front seat loading
3 Gas bombe 24 2 Door
4 Crush pad 23 Gas bombe 34
5 FEM 22 3 | Suspension fastener 32
6 TM fastener 21 TM fastener 30

4
7 | Suspension fastener 19 Windshield glass 30

Table 3. Results of manufacturing process analysis?

Item (A)-(B)
1 Fuel tank -1
2 Battery -4
FEM -6
8 Spare tire loading -6
/ Front seat loading -8
Tire -9
TM fastener -9
° Door -9
6 Gas bombe -10
7 Wind shield glass -11
8 Crush pad -13
Suspension fastener -13

End Module)&- A2} ZH| (CAR Frame)ol] 32+ 3= &

1 HYUNDAI, Technical report “Electrical wearable robot design reference”,
2010

2 HYUNDAI Technical report “Electrical wearable robot design reference”,
2010
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Fig. 6. Measurement of working space

Fig. 7. Application of FEM work simulation to wearable robot
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Table 4. Measurements for FEM laborer movement

Minimum Maximum

Joint Th;::g;e of standard standard

angle(deg) angle(deg)
Front and back -105 6.19
Back Left and right -5.55 7.39
Rotation -16.96 11.80
Front and back -26 5.86
Shoulder Left and right 151 244
Rotation -24.2 16.7
Front and back 46.3 96.8
Elbow Rotation 78 91.2
Front and back -215 723
Buttocks Left and right -139 119
Rotation -2.02 321
Knee Front and back 342 82.1
Front and back -8.26 481
Ankle Rotation -35.3 16.1
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Table 5. Body measurements for men in the 25-45-year age group® 27 =k
Avg. Stan. Allowed ;
Item o || B || G Table 6. Average body measurements for men in the 25-45-year
. age group?
From the rear neck midpoint
= to navel-level waist midpoint 473 25 423-523 .
Item Average Unit
From the back to the
B knuckle, with the arm 697 42 613~781 .
stretched forward Weight 7118 Kg
From the back to the .
C| shoulder in the horizontal 93 19 55~131 Height 17100
direction
: Length of foot 25329
D Horizontal length between 435 2% 383-487 —
two shoulder edges Waist circumference 828.84
mm
E From the rear shoulder edge 333 16 301~365 Chest circumference 971.83
to the elbow
Upper-arm circumference 305.84
| From the front shoulder edge 337 15 307~367 ——
to the crease of the elbow Mid-thigh circumference 51159
From the armpit to the N
© medial side of the wrist 466 26 414-518 Aueragemassrement for Korean men
Weigh: 6860
From the elbow to the medial
H side of the wrist 266 13 240~292
From the edge of the
I | shoulder to the medial side of | 576 25 526~626
the wrist
J Armpit height 1268 48 1172~1364
K Navel height 1002 | 42 | 918-1086 .
L Knee height 419 30 373~468
M Buttocks height 834 39 770~897
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4 Tae-Jun Ha, Jiseok Lee, Sunghun Back, Seok Hwan Kim and Jung Yeob Lee,
“Wearable robot design for industrial application”, Journal of Korean Society
3 Size Korea, http//sizekorea kats.go.kr/ for Precision Engineering \Vol. 29, No. 4, pp.433-440, 2012



Table 7. Established size standards for wearable robot

Minimum standard | Maximum standard
Segments (mm) (mm)
_ Chest 870 1100
circumference
kT 700 970
circumference
AMidthiah 440 580
circumference
. 320 430
circumference
Lggeratin 260 350
circumference
) Forearm 150 210
circumference
Chest
thickness 184 250
Upper-arm 300 370
length
Forearm
length 230 300
Thigh length 280 450
Knee height 370 480
Body height 1600 1810
Foot length 250 280

2.5 23 3t=90] YRR (Robot hardware design)
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B RI(Active): -30°~30°

B PI1(Active): 0~400mm

B R2(Active): -50°~60°

B R3(Passive): -180°~180°

B R4(Passive): -45°~45°
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5 HYUNDAL Technical report “Wearable robot technology development for the
support a industrial work force”, 2010
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Top View

Side View Front View

Fig. 9. Working range of upper body robot arms®é

Fig. 10. Prototyping of wearable robot

Tel3 gASt SHAE b GAE B3 ARA 2
FUE A gere B Sk
[Fig 12]] 915 131€ 231} kA1) Aol Wk ofe]
dolols, 25e Ige thlsh W fUER
S VR Zloleh FARASH A Were nero
AgHoz [Fg 1205 o] 7} vl Ad P}
X

. =208 g

Fig. 11. Design for a robot unit assembling

6 HYUNDAL Technical report “Wearable robot technology development for the
support a industrial work force”, 2010

Fig. 12. First round designed wearable robot’s hardware
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Fig. 13. Sketch of upper body styling gear
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Fig. 14. Sketch of lower body styling gear
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Fig. 16. Rendering of wearable robot
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Fig. 20. First round styled wearable robot
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Fig. 24. Modified robot data
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Fig. 26. FEM grip design
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Fig. 34. Dummy mock-up

381 97 B A%

o] 5 A A9 HE AdE vige® [Fig 35]
s} o] B 2 AAE WIF 11 9% BYS A
sha 2ErY 2 AT 254 W7 Sk

Fig. 35. Final working mock-up
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Fig. 36. Warning light on the back and sides
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Fig. 37.Comparison between robot arm joints of dummy mock-up
and working mock-up
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Fig. 38.Comparison between robot waist joints of dummy mock-up

and working mock-up
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Fig. 40.Comparison between robot knee joints of dummy mock-up

and working mock-up
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Table 8. Modified styling process for wearable robot

Stepwise
ST Stages of development
Design concept setup Image map
First round
3 Idea sketch
Styling eased Second round
procedure
] First round
4 Renderi
endering Second round
6 Interim Quality assessment / Correction
assessment
14 3DPRINT

Styling Styrofoam mock-up
7 model
fabrication

Dummy mock-up
Working mock-up
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Fig. 41. Comparison of styled side profiles
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