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Abstract

In daily life, exercise such as walking, running, jumping, going up and
down stairs and doing sports is performed. Following the body's movements,
the breast sways up and down and moves from side to side, which can cause
mastoptosis, so it 1s important to control breast vibration in females.
Brassieres are one of the foundations aimed to make the breast beautiful and

control breast vibration.



There is much research on clothing pressure and the vibration prevention
effect of brassieres for improving functionality. However, the experimental
samples are intended for commercial brassieres made with different materials,
patterns, designs, etc. Therefore, it is difficult to know the relationship
between breast size and shape and the material and pattern of brassieres.

In order to design brassieres which effectively control breast vibration, the
present study measured breast vibration of women in the nude and when
wearing brassieres made based on the breast size and shape of each subject.

This thesis consists of the following six chapters.

Chapterl: Introduction

The purpose and background literature for this study are described. The

literature background was described as follows:

1. Composition and characteristics of the breast.

2. History, type, structure and size of brassieres.

3. Study on clothing pressure of brassieres.

4. Study on protection against breast vibration by brassieres.

5. Research and issues concerning the wearing condition of brassieres.

Chapter 2: Breast vibration during exercise in the nude

In this chapter, the subjects consisted of eight young females with
different breast sizes. Breast vibration was measured using high speed
cameras during walking , running and jumping. By measuring skin
viscoelasticity and breast compression, their relationships were compared
with breast vibration. The statistical processing method was analyzed by
two-way analysis of variance, multiple comparison and the correlation
coefficient of Excel statistics, and a significance level of 5% or less was

considered significant. The following results were obtained:

1. The breasts showed characteristics of vibration locus on the x-z plane and

y-z plane during waking, running and jumping;
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2. A time lag between the movement of the breast and the body was shown in
the vertical direction due to the inertial influence.

3. The bigger the breast size, the greater the vertical amplitude, average
speed and acceleration of vibration, and a significance was observed
between the G1 group with the smallest and the G4 group with the largest
of breast size. The amplitude, average speed and acceleration of the
inside-upper measuring point (P2) were smallest in the lateral and vertical
directions, so that it is important to control the vibration of the outside
breast during exercise.

4. The bigger the breast size, the smaller the compressive stress and the
higher the skin recovery rate which showed that the softer the breast, the
greater the vibration.

5. Breast size has a correlation with the amplitude and speed, which showed
that the bigger the breast size, the greater the vibration. The vibration of
front neck point (point N) which showed the body vibration has a
correlation with the average acceleration of breast vibration in the sagittal
direction during walking, running and jumping due to the body twisting.
The amplitude exhibits a positive correlation with the skin recovery rate
(R7) and a negative correlation with the compression stress ration (Fiomm)
during running, which showed that the softer the breast, the greater the

vibration.

Chapter 3: Production method of experimental brassieres designed

for different breast sizes and shapes

In this chapter, the subjects consisted of six young females with different
breast sizes. Using taping tape, the position and shape of the right breast
were deformed and experimental brassiere patterns of each subject were made
based on the plaster models of the deformed breasts. Because the cups of the
brassieres were made of a transparent material, the possibility of observing

breast vibration with brassieres was confirmed. According to photographs and
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three-dimensional measurements in the nude and with brassieres, the fit
between the breast and experimental brassiere of each subject, and the

beautiful shape of the breast were shown.

Chapter 4: Breast vibration during exercise when wearing

experimental brassieres

In this chapter, the subjects were the same as those in Chapter 3. The
breast and vibrations of brassieres when wearing experimental brassieres of
three bust sizes were measured by using high speed cameras during walking,
running and jumping. By using 3D motion analysis, the breast vibration
characteristics were examined. The following results were obtained:

1. The smaller the under bust size of brassieres, the higher the clothing
pressure, with the side part of the under bust having the highest clothing
pressure.

2. The time lag between the movement of the breast and the body in the
vertical direction when wearing brassieres was smaller than in the nude.

3. Through amplitude, average speed and acceleration, the vibration
prevention effect of brassieres was shown to be in the vertical direction
during running and jumping, particularly during jumping. The vertical
amplitude and average acceleration vibrations of the L group with the
larger breast size were collectively larger than those of the M group with
the smaller breast size.

4. Average acceleration in the lateral and sagittal directions showed a
positive correlation with the vibration of point N due to the body twisting.
On the other hand, the average acceleration in the vertical direction
showed a high correlation with the breast size and no correlation with the

vibration of point N during running and jumping.

Chapter 5: Dislocation between the breast and vibration of brassieres

during exercise when wearing experimental brassieres

In this chapter, from the experiment in Chapter 4 the vibration of
brassieres was analyzed. Through comparison of the breast and brassieres loci,
the dislocation between the breast and brassieres when wearing experimental
brassieres of three different under bust sizes was observed. The following

results were obtained.
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1. The vibration locus of the breast and brassieres were almost the same.

2. When wearing the experimental brassieres, the vibration locus area was
smaller than in the nude. The bigger the breast, the larger the vibration
locus area.

3. The vibration locus of the breast was larger than brassieres in the sagittal
direction, and it showed that a dislocation between them.

4. The difference in dislocation between the breast and brassiere in different
under bust sizes was small.

Chapter 6: Summary

In this chapter, the results obtained in this study were summarized, and
remaining issues for brassiere design aimed at improving the dynamic

functionality and amenity in the future were discussed.
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Fig.1.3 Types of the breast 6)
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Fig.1.4 Aging changes of the breast®®’
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Fig.1.6 Types of brassieres®
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Tablel.1 Brassiere size by JIS

underbust size cup size
underbuse girth . bust girth—underbust girth .

(em) size (cm) size
625~67.5 65 5 AAA
67.5~725 70 75 AA

725~7175 75 10 A

77.5~825 80 125 B

825~87.5 85 15 C

D

87.5~92.5 90 17.5
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Tablel.2 Influence of clothing pressure on the body 13)

AMEFE ANEZE DB
NERIR R DR, FAM O K, DIREEEER T B it s
H AR ST SRR O T (PIRBRS O WUHE . IR D 53 W ie )
BEREHERCS  FEITHH] (FE — 0058 T )
A RE R S FREEEN O L (BB, DEYREEO L L & LTI L MRIE)
DHAEER R, APRIER, TR

JEA DAL E LTk, HERBEA Pa DFEARRESNTND, 723 O KARE

WZOWTIEX hPa BNfEDLIL D Z &%\, R 1.3 ICXEKIZE DI TV D KR E AL

DR RERKT,
Tablel.3 Conversion of clothing pressure units
EFRE AL 1€ D At
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100 1 0.75 1.02
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98.07 0.98 0.74 1
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2.1 #

i

AFEFIFEAEAMREBHMEMNOE LM TH DD, AMEREKEOEE) D
RBEZTTRHLLT VWY, 77V — (UFT7 7 LBET) IR FOBEEME
EPEMEE EAHEMNE L TEAINDG 77 T —2arO—2ThHY, Btk
HEONFEHERSTWDHE, T ITEMRKOEBMIEEZ M LS W25 7200 KEf
L LT, RO FEORDFHELZEREL TS ZLPAEETH D,

AFBEOREBFMEIZONTIE, HEELDL WL OO ENR IR TWVD, fAaY
HIX194 DR FE 2t I, AMEIEEF 2 W T, diik> 7 & MK OIEE
KD FLE O EATRRBY I E 2 [ E LR, ¥y v 7RIS & o Tk &
MBERD ezl E LTS, KIESITHENEN -7 b OO, FEETT IR OIRE
FHABOME EBVAOHBEZRLZEBRRTWD, AilA LY 1L, 2680 T 4
HATEBEMSTY 7 b EAWT, Yy T RO ZRTTEEMATIC & D ABE RO
REVIT 2 RE 24 IOV T T o7z, TOREILEOREIICEHLLT UV y
TIWZESoTHBIIRESCETL, Yy F1IEOMIZHFEIZ2OO L% i v TR )
THZE, EAORIBIZETIV /S, #BREFICL2ET/ DIV EHREL TWY
2o

LEDRATHRICE N T, LAEEHEZECEEZFLIOTESNATEY, LE
IR B O EE M BT 5 ST IRBI R IC D TIERE ST, &
7o, AWEEHOMAEZEICOVTEHLNII N T2, LEOREIME 2 B 1Y
ELIT TRFDOIZDITIE, B DAFEY A AR E RO WBRE © L5 IR ) 55
PEZBHONCT HHEND D,

AHFETIE, AEORESORRLIEHRE 82 xtG L LT, HEHIIHEI A
DIEBFEE NA4 2 — KB A F (POINT Grey Research inc) % H\ 7= =R ICH)
TEMRATIC X VB - SRR L. IRIE - EE - MEEA o Lic, 72, B OEM
FrPE R O ERHMEZRIE L, s L RBIRME & OMABRIZ OV THREH 2
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A 1T,

2.2 EBRAZE
2.2.1 HEE

WBRE I H v T A XD FI B F5E LM 8
HThDH, TOHERFHEEZER2.1ITRT, &
B, HBREO A NEIZK 2.1 123 R

90° KB COFREMN 72 FLEE S & 18 D (KdhC &

ERNANIRTHDL, "ANHET X Fig.2.1 Posture of bust girth

measuring 5)

— A MNHOEELEORKET S E L, S1I
5 S8IZMMNo CLINBIZHEY A ANRKEL b, ERITLEEHENX—F, Ty
Nya—yonhstlL, FHBEEZZELC, 2@ TOERIZTAEFBB LKL 5~15 H D

AT » 72,

Table 2.1 Profile of subjects

Bust Girth? Underbust Girth” Bust Girth-Underbust Girth

Subject Age(year) BMI (o) (o) (mm)
S1 22 18.8 833 715 118
S2 27 18.0 833 705 128
S3 26 23.1 889 755 134
S4 29 19.3 845 690 155
S5 26 25.6 998 838 160
S6 25 21.4 904 740 164
S7 24 18.8 843 675 168
S8 26 22.1 975 803 172

Average 25.6 20.9 890 740 150
S.D. 2.1 2.6 65 57 20

A N A NPHIZ., RBIE 90° BEATOEEM A LI A A W S R EE A N R N R A HE,
p B — N RPHIE, B LERET, AEOSL HLAOED & HLERE DR EEKEIC
W5 JE B,

222 IﬂI]EI\\
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ERIZAELEZAILLE L, MESIZK 2.2 (2R T B0 THDH, PO ITHLIEM,
PI~PSIZHFER—RA T A v L AR EHEONM 1/3ICH LA v F—F 4 &
HESRZPLETHAKYE, BEH, £ 45° BHREORXRTH DL, ABEOX—R
TAFHE FmOEEMBREAFBEZRED LT ZEREICTF = 2 MEICAE L D K ETHE
EERETMABOME#RE RS,

WEh OB EIIILIEA PO & Z O JEPH P2, P4, P6, PR D 5 8L Lz, FLILER
B AMEKONEBE L ZXHT 5720, MBREKREIRE ORELZ TICVERK
Fose L THEA Neck point, AT NAEMWT)ZTIRL, Znzx gL L

TONREFRHEOHBEEZ ST OMGR L LT,

Baseline |

- ~ |

e > Qnerline-

/ T A

/ P8 ! P2 \ |

!

' 1 d

t-{pP7 |----PO|----| P3 |-
1 P N

\

1
Sl -" |

Center of front

Fig.2.2 Measuring points of the right breast

2.2.3 AEHRBOBER - 5HA
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HEIEE O R EIZIL, NA AE— KA AT (POINT Grey Research inc) 3 B %
AWz, IREFICX 2.3 CRT LI ar be— 7L —a%ZHWT, B{EFER
FHABEARESRREND LS AMCET Lo Ra v b —LH#liHEED T,

o b w— L O AT 2. 4IZRFELEFEaYy R — L RAXTEIND,

Fig.2.3 Control flame Fig.2.4 Control master

2.5 R TEIITIEDNNA A —FRDRATHE 1

op

FIFEEHRE LR RE
HALENC, D2 BIXEABM D LRE T
HAENWZ T AT AEZ Y RERWTHEELZ,
arvbhep— 7 Lb—AF Ly KINLEIZHE
B, #BEEICay M — VEHNICHLE

BN AND XD, W ATNEEZFHELT,

B ER TS Sk e B R B G RATS 2 T L N
Fig.2.5 Position of cameras and
(FvtvA 27 v 7 KAAE4) @ Motion control flame
Recorder Z T, 3H5DA AT CRIFFIZIHHEOX YU 7L —3 3 VE# %k
LI, 3ROH AT LE 7L —AL— ME 100fps, ¥ ¥ v ¥ —IZ 1/250sec % %

E LTz,
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EENSRE, BT BT Vv T
D=FETHDH, Py FINETHIT
(4km/h) . #£47 (6km/h), ¥ ¥ v 7
(1.76Hz) , N E N CHEB)T 2 M D

5 MEomBERE LI, Oy 7O

WEZ =BT 22ic, Abw )/ —

Fig.2.6 Posture while walking, running

A& HAWT 1.765Hz TR E L 7=, # and jumping

1T « BATHR IS Z IR 2 AR AT - EiT21T7o &, Eo#hxoE2 T, HiKIX
it « EAEICKELSBET A0, BRI 2.6 I R-T X0l BE2EHOE

MEICES, BORVICKDHE~DRELBET 72, BB IITERANICAESD

&

AESE, FEHE G IETOMVIKL, ZOFHEREME L,
HEIHPOLFE LOKERENRENA AL —RA AT TEBRT -0, &HlES
CH 2. TR TEAR 12mm O P A e v — v & B0 AT 7 Bl 4 0B BRI 1 Sk

TLENE & fENT S A7 5@ 3D Calculator Z AV, K 2.8 ICRT~v—H—~RH

TERTHE A EGOWPESRESIESE, 3HEOD AT OEBOFKRE LD 15

B O@ & 2B L7,

Fig.2.7 Markers for tracing motion Fig.2.8 Markers master for tracing motion

_23_



B EMRATICIE. S WOTEER R S 27 A O Kine Analyzer & AW T, JHIE
BlaGN O 16 M OB B 2 B D JA 7~ JEAEMEIC B LTz, x. v, z FEERME IR EE
BIAAERTICI VAL 3y br— v A X B HICETE L, x BEMITLEL
OIRE), v M ILA%OBEE), 2z EBEMIT ETORS KT,

2.2.4 FAEBEOEMmEY

WBRE TR LR T 84D S1, S3, S5~S8 D 6 4 TH D, MHEMITK 2.1
\Z/RT PO~P8 D 8 M TdH D, FEDEMIEIL 2.9 (27”7 KES-G5 7 1 [EHiE
AR (7 =7 v 7R t) 2V, EBRE X 2. 10 1283 K O (2L TRE
CHET, RE2LRET LD, BRI yvarvrid@dni, WER, ko
ERET D720, MERT HREE Z LD D REE T, MNEMR Z2 HE R O RS R Iz —

O 3mm/s CTEEIZ 5 nm, 10 mmff LiAZ, I EE T 2 I K % JEAR IS )
Fom Frm& LTCREAMR o2, HFRERE D 5um, 10 mDHEIE L 3 E T D0

RLU, ZOEHz R EMEE LT,

INERR - INERERE2en?

Bk BT T HTE

Fig.2.9 KES-G5 for measuring breast compression Fig.2.10 Posture of breast

compression measuring
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2.2.5 AEDKEHENE

WBRE TR LICTRT 84 TH D, K 2. 11 1Z/R¥ B2 &R B E 2 Cutometer
MPABBO (BRAxthA > 7 7T ) M, X 2. 12 128" F & 5 ITHEBRE 1T AL T,
WA HRICTERL RO EELBET 572010 R T 2REZ LD DRET
B2 2mm O W ER O E 2L E O E S PO~PEICHEEIZA LY HLEOKEEREIC
450mbar DFEET—5XICWGI %, BBMICRELZMER L, £ OBROIRIE E Ok
A& 2. 13 1277, Ue [ZWAIEZOIZIT 22 W5 &, Uf (TW5] &R KHE.,
r [ IRBIEMRREOIZIERAWRBA EEZ RS, FWERL S 3ETOMVIKL, £
DVEJEZREME Uiz, KEDOMHMEZRT Ue & BIEREZRT RT=Ur/Uf %4
froxtg e Lk,

AEMAOE: EE2mm

IR

Fig.2.11 Skin viscoelasticity measuring device Fig.2.12 Posture of skin

viscoelasticity measuring

0.15 Ur
Ue uf

U T T T T T T T T T T
0 0.8 1.6 2.4 3.2 4 4.8 5.6 6.4 7.2 8
time(s)

Fig.2.13 Changes of suction amplitude
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2.2.6 fRIEBREEILOICHEQE

RB AR O FERIZ LS L ER KR AR FEEZB O KREZIT,
EBRIIHEBRE SO ZEO B, FiE, EEFHEHEZ FSCHALZ LT, 2NAEE
Ob LICEAEEMKAL TIThR . MEHAHE T 7 2Lk O 2 TEE D 5
Fr e CHRBEAT AN K> THMr L. EREB 5% U TEZHE L LT,

2.3 # R
2.3.1 AEDIREMNE

AT, BT VX 7O RERN—EOHE THRVIERTHOL 15 BEOT —%
ZHWTER L, 2. 14 1R T Lo, BAT. ETORENIT. AR B
HMEEANDREMNE L AN ROAREMEOREMNE TE 1EHE LT,
TV R, N DSl B LR O B ARAL & B o T 6 IR O R 2 MR O s IR & &
LETH1IAME LT,

Walking
Running
EET&ﬂb EREM L _s > BREM
NERAE L 72 E R NERAE L %2 E Nﬁﬁu
Jumping
B g N mEEM _______ R iEM

NERIER  grmmmy  NRER gumy NRIER

Fig.2.14 Period of walking, running and jumping
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2.3.1.1 #H17. £7. Py HOEE@KX-z2@E) . @@ (v-z@E) ORXIKIE
2. 15 |2 4 7 BR # 0 I E s 0 IE i (x - z) Hill D B KIRWE Dx & Dz O PAfR & 7= 37,
HBATREIL, BN - AEAES 1L.6emBLIATHY ., ETFHFmMEVELTMBRE L,
EATHRE, EFGmIE S1~83 2% 2. 0cm BAN, S4~S8 78 2.0~4.0cm TH YV | A
JFIAE S1~S4 7% 0.5~2.0cm LA F, S5~S8 2% 1.5~2.5cm T, L F AL b5
BRREVEREDIZTINKRE N7, Py 7FHIE, EFHMBIELSI~S3 N 1.0
~2.5 cm, S4~S873 2.56~5.5cm TH Y, LENREWVE 25U EDOIREI R S
Wiz, ZEEFEOEMEIL 0.5~2.0 em (2454 L, ZHICITHBRE B ORMMN RS

i noiz,

Walking Running Jumping
6.0 - 6.0 § 6.0 - A ®s1
AA ms2
50 - 5.0 501 4 = As3
Xs54
2"
x [m] Xs5
4.0 - 4.0 4 6 A 40 { X v I:;EKK o056
_ Apg AD xOo os7
E 3.0 - 3.0 A )S;: B 3.0 & N As8
a X & | e
2.0 4 2.0 O 2.0 é
L " 4
s ®
7 ad %X L4
1.0 - A 1.0 - » ‘ 0{ @
o )i )
0.0 0.0 - 0.0

T T T T 1 T T T T ]
0.0 05 1.0 15 2.0 25 3.0 00 05 1.0 1.5 20 25 3.0

Dx(cm)

00 05 1.0 1.5 2.0 25 3.0

Fig.2.15 Breast vibration amplitude of each subject on the x-z plane during walking,

running and jumping
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2. 16 ([Z AW FH O M E R OMiE (y - 2 4h) O F KIRIE Dy & Dz DBLR &2 R 7,
ETFHBOBIEIZOWTIZ AR O Y T D, Fi k710 O i KIEHEIZ DV T,
BATRIEEFEBRE L S 3. 2em AN TH Y, EFHFME Y K& ETFREIE 1.0~
5.0cm T, EF -fiZEbAENREVEREDITZI D REN -T2, Vv v T
(X 1.0~5.0cm T, BIE T 1A ORI IZHREFOREN AN Rh>T, WTFHhO
EENCEB W T HETH T BRI TR RELS, ZhidEdSh T okod)
DEBEZ T T, HENFIHE - EAICKELSBETDLIZLICHEIREEZZATY
LDl EEZBND,

WTHNOEHICIS N TS EFHFMOEEIZ., LEPRKREWEREOHF R RKE W
EE ARSI, FFICET - Pr VTR ES R E WEBRE /DS WHEBRE LV
e RELENLTVWD, ZHICKHL, £ - M FAETEREOLE O KX S
XD EFTOEY ARohmhoT,

Walking Running Jumping
6.0 - 6.0 - 6.0 - @51
A A A ms2
A
5.0 1 5.0 - 5.0 1 A AsS3
ﬁ 8 XS4
4.0 + 4.0 4 A A 4.0 4 X XS5
E . O o O A o =) X xxx 0s6
G 30 1 3.0 4 X 3.0 - o os7
E %( X A Ca As8
b 0 AR ‘ ]
2.0 4 2.0 4 j o o 2.0 - A ®
" X x A" .
10 | A AY A 2 % e
. 1.0 - o ‘o® A 1.0 -
X X H .
Q X
0.0 T T ‘ ‘ 0.0 ; . : : 0.0 : : . . .
00 10 20 30 40 50 00 10 20 30 40 50 00 10 20 30 40 50
Dy(cm)

Fig.2.16 Breast vibration amplitude of each subject on the y-z plane during walking,

running and jumping
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WIZHAT, BT, V¥ 7B T 28 BRE DK RER 5 5 (PO, P2, P4, P6,
P8) @ x—z W DIRENELHF A X 2. 17~[X 2. 19 (ZR-T, AP TN AN RIEKN
LDOREOFNMEREEESNOERHZ 0 & L, Ao EBITER T, RF0/H
HITRMTRIN TV D, BT, #BRHE SI~S2 13 EF - ZEH 51~ D IRIE X
AT, 0. bem AR THY, AEEFHNMGICEREH L TWDH, #HBRHF S3~S4 1T &
THIED 0. 5em, ZEA 7 1. 0cm, S5~S8 X L F MM 0.5~1.5cm &, AT
MOWIIL ETEDRRRE N, ETRIZ, FHEBRE L UFHO R R QIR
Wi % R U7z BEBRAE S1~S3 X k- FF A% 0.5~1.5em, /245 5 1A 28 1. 0~2. Ocm & |
ETF - EAICIFERRICEES L CWD, £4A 5 ORENIILFE 2 B A 2 A 12 K
HEWELTWDHEEZLND, S4~S6 1L EFHMA 1.0~2. 5em, /&4 J7 A
1.5~2.5cm, Z£4 + B FHM & bHEBRE S1~S3 LR R&EW, ST~S8 X EF
FHas 3.0~3.5cm, AT MMN 1.5~2.5em &, EFHMOEEN LA HED
KREL ETFHFMIEIRESENLTVD, Vv 7R, E TR 1.0 ~2.5cm,
FEAEFTMD 0.56~2.0em &, ETFTHAORFIZLLE LD ROOKRE W, S4~56 13 L
THMD 0.5~1.5cm, Z£45 5 M A 3. 0~4. 0cm,ST~S8 |L L F A » 3.0~5. 5cm,
FEAEFFMD 0.56~1.0cm &, ETFTORBIZALGEID 2/ ERESIEEL TV D,
Uy RO FEO LTI ORMEIHAT - ETLDRE VA LA TR O

& <L AU~ ORI~ DOIRIE L D REWBEAIZH - 7,
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Point PO
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5.5 5.5 - 5.5 55 4
S1 5.0 1 S2 5.0 - S3 5.0 S4 5.0 -
4.5 45 A 45 4.5 1
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Fig.2.17 Vibration locus of each measuring point of each subject on the x-z plane during

walking
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Fig.2.18 Vibration locus of each measuring point of each subject on the x-z plane during

running

_35_



Jumping

Point PO

First half Period
Last half Period

5.5 - 5.5 - — 5.5 - — 5.5
S1 5.0 S2 5.0 - S3 5.0 - sS4 5.0
4.5 4.5 A a5
4.0 4.0 4.0
35 35 35
_ 3.0 o, _ 3.0 = 301
_g_ 25 .g, g; 25 1 ‘E‘ LSE
2.0 7_.0 g 201
H
5 4 15!
1y 4 1‘°:‘.
0.5 054
——5 — 08 ———— ———8& — ————06 ——
-2.5-2.0-1.5-1.0:4.50/0 0.5 1.0 1.5 2.0 -2.5-2.0-15-1.0-350/0 0.5 1.0 1.5 2.0 -2.5-2.0-15-1.0:450/0 0.5 1.0 1.5 2.0 -2.5-2.0-1L5-1.0.45 u]n 0.5 1.0 1.5 2.0
Dx(cm) Dx(cm) Dx(cm) Dx{cm)
55 5.5 - 5.5 1 55 9 n,
S5 5.0 4 S6 5.0 s7 5.0 4 S8 5.0 :.
as | as as as |}
4.0 A 4.0 - ?.o 1 4.0 - ',-'
1 3.5 BS54 354/
T 1 _ 3.0 - r'.l = /3.0 A - 304\
% 1 .Er 2.5 '.,' .Er 25 4 3 25
1 20 |/ il2.0 2.0
1 1.5 1/ s 4 15
1 1.0 Yo | 1.0
1 0.5 g 0.5
B 96 ot BBy
-1-5-2-0-1-5-1-0;B;§5.D 051015 2.0 -2.5-2.0-1.5-1.0:&§Q5 0510 1520 -2.5-2.0-15-1.0-450/0 0.5 1.0 1.5 2.0 -2.5-2.0-1.5-1.0-§.§ 0j0 .5 1.0 15 2.0
Dx(cm) Dx(cm) Dx(cm) Dx{cm)
Point P2
5.5 - 5.5 - 5.5 55 1
S1 5.0 - S2 5.0 S3 5.0 S4 5.0 4
a5 4 a5 4.5 a5 4
4.0 4 4.0 4.0 4.0 4
35 4 35 A 35 35 4
e 3.0 4 - 3.0 A e 3.0 =
.g. 2.5 4 .g. 2.5 - .E, 2.5 g.
2.0 4 2.0 - .0
15 - 15 15
,\
0 \1.0 - 1 1.0
;&\- 8 - 0.5 05
-2‘.5-2‘.0-1‘.5-1‘.05.:_5,0_0 ujs 1‘.0 1j5 1jo -2'.5-1',0-1‘,5-1‘,0;6:;@ ojs 1jo 1,'5 2ro -zl.s.zl.o-ll.s.ll.uzﬁ.:gou ojs 1'.0 1i5 ziu -1'.5-1'.0-1'.5-1'.05.:50_0 ois 1iu 1'.5 2jo
Dx(cm) Dx(cm) Dx(cm) Dx(cm)
5.5 - 5.5 - 5.5 - 5.5 1
S5 5.0 S6 5.0 S7 5.0 S8 5.0 A
45 4 a5 a5 as §
1 4.0 4 4.0 1 40 1
1 35 - 3.5 - 35 4t
- . _ 3.0 - = g _ 3.0
-g— 1 .g. 25 4 g_ ] _g 25
. 204 [/ g 2.0
. 15 '," g 15 4
1 104/ 1 1.0
g 05 1/ E 05
g AL A a— t\_ﬂ a L A s n.ll
-25-20-15-1.0-450/0 05 1.0 1.5 20 -25-2.0-1.5-1.0-450/0 0.5 1.0 1.5 2.0 -2.5-2.0-15-1.0-,50/0 0.5 1.0 1.5 2.0 -2.5-2.0-1.5-1.0:§50/0 0.5 1.0 1.5 2.0
Dx(cm) Dx{cm) Dx{cm) Dx{cm)

_36_



Point P4

55 55 - 55 -
S1 5.0 S2 5.0 - S3 5.0 S4
4.5 a5 a5
2.0 4.0 4.0
35 35 4 3.5 -
_ 3.0 _ 3.0 . 3.0 - -
§' 2.5 - .g, g *f’ 25 - g,
20 g \ 2.0
1.5 - 1 \ 15
o E 0
078 1 1 0X)
)
06 ———— s - o6 8
25-2.0-15-1.0-450/0 0.5 1.0 15 2.0 -2.5-2.0-1.5-1.0-4.5 0j0 0.5 1.0 1 -2.5-2.0-15-1.0:4.50/0 0.5 1.0 1.5 2.0 -25-2.0-1.5-1.0-4:5 0/0 0.5 1.0 1.5 2.0

Dx(cm) Dx(cm)
55 - 55
S5 5.0 S6 5.0
4.5 4.5
20 | 40
35 | 35
- 3.0 - 3.0 P"-‘
.E;_ 25 1 'f‘ 25 :,:
2.0 | 20 |/
15 4 15 4
0 1.0/
1 0.5"._

Dx(cm)
5.5 -
S7 5.0
4.5
4.0
3 3.5 4
1
3.0
i 2.5 4

Dz{cm)

b\
N\ 2.0 1
\
V| 15
\
‘\\ .0 4

\

s,

-25-2.0-1.5-1.0 iﬂ'§ 0

Dx(cm) ‘Dx(:m]
Point P6
55 4 55
Sl 5.0 A S2 5.0
4.5 4 4.5
4.0
35
3.0

Dz{cm)

a0

Dz{cm)

0 0510 15 20 -2.5»2.0-1.5—1.0-_&%00 05101520

Dz{cm)

ag
-2.5-2.0-1.5-1.0-4.5 00 0.5 1.0 15 2.0
Dx(cm)

S3 5.0

Dx{cm)

S8

Dz{cm)

-25-2.0-1.5-1.0-4.30j0 0.5 1.0 1.5 2.0
Dx(cm)

55 4
sS4 50
45
4.0
3.5
3.0
2.5
20
1.5

Dz{cm)

10

0.5

— T

-2.5-2.0-1.5-1.0-8.3 0}

—T— T —

005 10 15 2.0 -2.5-2.0-1.5-1.0-8.3 0j0 05 1.0 1.5 2.0

-2.5-2.0-1.5-1.0-4.5 00 0.5 1.0 1.5 2.0

a6

-2.5-2.0-1.5-1.0-8.3 0j0 0.5 1.0 1.5 2.0

Dx({cm)

Dx{cm)

Dx(cm)

_37_

Dx{cm) Dx{cm) Dx{cm) Dx(cm)
55 5.5 - 55 - 5.5 -

S5 5.0 S6 5.0 4 57 5.0 - S8 5.0

a5 4.5 - 5 4 4.5

4.0 4.0 - a‘}'o 4.0

;

35 3.5 4 15 35

_ 3.0 —_ 3.0 4 - ,tﬁl.n 1 —_ 3.0

,;E. N 25 g 2.5 4 'E'f {25 - ,‘E‘ 25

2.0 4 2.0 - 2.0

15 4 5 4 15

1.0 4 0 4 1.0

0.5 0% - 0.5
PR, | - — s —————aes . gode
-25-2.0-15-1.0-4.50/0 05 1.0 15 2.0 -25-2.0-15-1.0-450/0 05 1.0 1.5 2.0 -2.5-2.0-15-1.0-4.50/0 0.5 1.0 1.5 2.0 -25-2.0-15-1.0:4§ 0/0°C.5 1.0 1.5 2.0

Dx(em)



Point P8

5.5 1 5.5 - 5.5 -
S1 5.0 - S2 5.0 - S3 5.0 - S4
a5 45 4 4.5
4.0 4.0 4 4.0
35 3.5
= - 3.0 4 = 3.0 =
5 ] ] S
¥ LI N E e 5
\ 15 ;\1.5 1
W, 10 1 R R
“.\ .5 045
r T T T T T v r 47 r f —8-6 E r T T —8:6 T T T 1
-2.5-2.0-1.5-1.0.4.50/0 0.5 1.0 1.5 2.0 -2.5-2.0-15-1.0-8.50/0 05 1.0 1.5 20 -2.5-2.0-15-1.0..50/0 0.5 1.0 1.5 2.0 -25-2.0-1.5-1.0-45 0}0 0.5 1.0 1.5 2.0
Dx(cm) Dx(cm) Dx{cm) Dx(cm)
5.5 - 5.5 - 55 - 5.5 -
S5 5.0 A S6 5.0 S7 5.0 S8 5.0
4.5 | 45 4 45 4 a5 i\
4.0 | 4.0 4 \ 4.0 4 4.0 :ﬁ
35 35 4 W\ 35 35 4}
z 3.0 A z 3.0 = ":‘ 3.0 4 = 3.0 '."
ﬁ, . 2.5 4 ﬁ, 2.5 .§. ‘l|‘ 2.5 A ';ﬁ" 2.5 +
N 2.0 2.0 X 2.0 A 2.0 4
Y15 o 154 15 A 15 1
“\ 0 - m:"— } 1.0 1 10
\ \
5 0531 5 A o.fJ
- —— ——&% R — 4 R
2.5-2.0-15-1.0-450/0 05 1.0 1.5 2.0 -25-2.0-15-1.0:4.50/0 0.5 1.0 1.5 2.0 -2.5-2.0-1.5-1.0-§.50/0 0.5 1.0 1.5 2.0 -2.5-2.0-1.5-1.0-450/0 0.5 1.0 1.5 2.0

Dx(cm) Dx(cm) Dx(cm) Dx(cm)

Fig.2.19 Vibration locus of each measuring point of each subject on the x-z plane during

jumping
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Fig.2.20 Vibration locus of each measuring point of each subject on the y-z plane during

walking
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Fig.2.21 Vibration locus of each measuring point of each subject on the y-z plane during

running
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Fig.2.22 Vibration locus of each measuring point of each subject on the y-z plane during

jumping
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Fig.2.23 Vibration amplitude of measuring points and point N in the vertical direction of

each subject during walking
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Fig.2.24 Vibration amplitude of measuring points and point N in the vertical direction of

each subject during running
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Fig.2.25 Vibration amplitude of measuring points and point N in the vertical direction of

each subject during jumping

_50_



2.3.1.3 AERIOEKRIRE. FTHEE. THMEEZEMNERET 20O W

A5 8 Bl Ry 25 A BR B oD T E R D B RARWE & & DR B - IR & & 2.2~2. 4
R, ThERICHESELEFA X2 ERE T2 2 ClE DSBS &21T -
oo WEM (ERA) ELTEABEOKEMERTHY . LEY A X (EKB) &L
TR, RAMHET U HE—=ARNAMHOEZHAFEY A XL AR LT, 61 (S1~82),
G2 (S3~8S4), G3 (S5~S6)., G4 (S7T~S8) DOWELIZ/y 7= 4 KHEERE LT,

SO ORERER 2.5 17T, EAFHAICOVWTIE, WTFhoEEIZE W T
LR A QESR) ICEDHEEENRINTZ, R B (AEV A X) X 2EITE
17« BATHR ORIE « HEE - IR E & BAERE 1% KELLT THBEENRE D bILE
B,V r TREIMEE A BN R S T, BT ROV TR, BT - A&

ITREDIRME « WWE L Vv VRO REICIIRF ALK AREENP AN, K+
B I X2 AITHIT « EATIZERE 1 % RKEL T THEENRENTZR, Vy 7
REIZMEEZ RO N, ETFTAMIIWTAOES S K BZTICABEENR
ST,

_51_



Table 2.2 Amplitude of breast vibration during walking, running and jumping

Walking : Running : Jumping
Subject Group PO P2 P4 P6 P8 ! PO P2 P4 P6 P8 ! PO P2 P4 P6 P8
51 04 03 03 04 03] 18 15 19 17 13| 06 05 08 06 11
Y] ot 05 04 05 04 04 : 1.1 10 11 08 14: 13 10 19 17 21
s3 10 08 10 08 081 1.4 12 13 08 11l 09 06 12 11 14
Ox(em) 4 62 08 06 08 08 08 ; 19 16 19 15 17; 03 03 07 05 10
S5 12 1.0 11 10 11! 22 21 19 14 14! 12 08 16 15 14
6 o3 11 09 10 15 125 23 20 24 21 16: 05 06 05 09 04
7 16 11 14 13 LSE 25 21 23 18 LSi 09 05 13 10 16
S8 o 15 11 13 11 14i 24 23 22 19 16i 06 04 08 11 05
s1 o1 11 09 10 15 13 Ezo 13 13 22 26 :42 3.7 42 41 36
Y] 14 12 15 18 14121 19 18 13 30123 22 16 43 19
s3 - 22 14 20 28 25 511 19 24 32 35 :15 14 15 21 20
4 11 08 10 12 10129 22 21 25 28128 25 29 31 31
Dy(cm) I I
S5 29 20 24 33 32,34 21 23 38 42,27 18 25 36 34
6 o3 23 15 22 27 24143 28 28 43 41112 06 12 15 12
7 20 13 17 25 23 513 20 21 25 21 514 30 34 28 19
S8 o 25 17 22 26 23 §44 27 29 46 47 517 1 13 21 13
s1 03 03 03 03 04 ia9 07 07 1.0 10 iLG 11 13 19 1.9
Y ot 04 04 04 04 04 519 16 19 17 18 :21 17 23 23 23
s3 05 05 05 04 04114 10 12 15 13127 20 23 15 24
s4 62 04 02 04 05 0630 23 25 28 2641 35 35 41 38
Dz(cm) ! !
S5 08 05 06 07 08117 12 14 16 16144 35 38 40 37
6 o3 06 05 06 05 0.5 514 15 21 24 21 :15 28 36 34 27
7 06 03 05 07 08135 22 30 37 34145 30 38 46 43
S8 o 13 08 12 12 11 :40 29 34 39 35 :55 48 55 53 57
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Table 2.3 Average speed of breast vibration during walking, running and jumping

Walking : Running : Jumping
Subject Group PO P2 P4 P6 P8 : PO P2 P4 P6 P8 : PO P2 P4 P6 P8
S1 12 09 12 15 13 ! 51 43 52 49 3.7i 22 18 28 23 39
S2 o1 19 15 17 19 22 : 43 39 48 38 6.4: 46 34 69 65 73
S3 27 21 27 29 28 ! 45 38 44 41 5.2i 36 23 41 50 54
Vx(em/s) S4 62 24 18 23 23 28 : 63 53 7.0 59 7.5; 1.7 13 30 26 39
S5 37 27 40 43 42! 67 65 63 52 55! 57 36 68 70 67
S6 o3 32 24 31 39 4.2 : 63 56 66 6.7 5.7: 31 25 34 55 34
S7 ca 44 32 42 42 4.2 E 90 70 99 79 8.05 40 20 50 48 54
S8 46 3.7 43 39 47 | 74 64 79 6.6 5.6i 49 20 44 6.2 38
S1 61 37 34 38 53 53 i 56 41 38 63 75 :14.5 12.8 145 143 135
S2 48 42 54 65 52 ! 6.7 82 60 81 10.6! 85 84 113 154 10.0
S3 &2 73 65 74 98 92 i 105 84 95 116 123 : 103 7.0 9.6 148 136
S4 35 29 34 41 37 | 11.5 94 85 9.8 10.7 i 10.7 89 11.2 12.0 116
Vy(em/s) i i
S5 72 56 74 91 80,99 65 71 113 124,108 7.5 102 144 132
S6 o3 90 53 7.0 118 105 ! 125 85 80 14.1 125 ! 122 54 71 17.7 16.4
S7 55 41 52 71 64 i 13.1 93 86 10.8 11.8 : 12.2 109 13.0 123 12.0
S8 o 75 56 69 85 81 ! 14.6 10.4 10.5 15.8 16.7 ! 17.2 82 127 20.6 17.7
S1 13 10 12 14 14 i 45 35 36 47 47 i 57 39 46 6.7 6.6
S2 o1 22 17 20 23 23 i10.4 84 10.1 9.7 98 : 9.7 7.7 103 99 9.7
S3 24 18 22 26 25182 56 67 79 72194 69 81 90 87
Va(em/s) S4 62 18 10 15 20 22 i 18.1 13.8 149 17.5 16.3 : 145 121 122 146 135
S5 37 27 33 35 361103 71 82 102 96 !17.0 129 149 157 1438
S6 o3 25 19 26 22 22 i 123 7.5 10.5 12.2 10.0 : 125 104 13.0 123 10.2
S7 31 15 27 34 33 i21.0 129 17.8 22.1 19.8 i15.7 104 13.1 16.1 14.9
S8 o 49 3.0 47 43 43 i21.8 15.6 19.0 20.5 17.8 :20.1 16.8 19.0 19.2 18.6
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Table2.4 Average acceleration of breast vibration during walking, running and jumping

Walking : Running : Jumping
Subject Group PO P2 P4 P6 P8 ! PO P2 P4 P6 P8 ! PO P2 P4 P6 P8

S1 475 377 474 845 794 i 733 545 788 812 85.7i 55.7 404 573 757 93.1

S2 o 62.8 51.8 59.6 855 96.1 : 146.5 123.6 163.0 100.7 244.4: 1279 86.2 166.2 168.0 194.5

S3 88.0 69.5 854 159.6 158.5 i 1351 99.0 136.6 183.3 227.8i 120.1 824 127.1 251.2 2281

) S4 62 69.2 519 670 810 94.2 : 192.3 142.8 223.6 180.7 252.8: 753 64.2 103.1 99.5 127.7
Ax{em/s’) S5 102.1 76.1 1044 158.3 1445 i 157.0 104.5 185.8 178.5 172.7i 167.8 113.7 200.3 229.2 243.2
S6 @3 103.4 77.5 957 177.2 179.2 : 206.6 138.9 210.8 297.7 237.9; 140.8 88.2 145.2 275.0 207.5

S7 113.5 84.0 107.9 1343 125.2 : 255.0 165.0 300.9 260.5 294.4: 127.7 88.8 137.5 179.5 168.9

S8 o 119.3 90.0 115.0 1339 146.1 | 260.0 159.2 301.1 270.3 239.2i 273.3 118.2 215.3 345.8 226.5

S1 61 175.1 194.2 190.5 336.9 332.5 : 142.6 129.6 134.2 255.0 257.6 : 132.7 99.8 101.0 149.0 144.8

S2 156.9 159.4 174.6 269.6 245.8 12304 344.0 223.4 3055 312.21375.0 296.2 379.9 3943 373.0

S3 &2 431.1 443.0 455.6 619.6 617.6 : 504.6 433.7 493.6 630.7 703.4 : 269.3 184.1 222.7 2779 236.5

Ay(cm/sz) S4 151.9 154.2 157.0 204.5 206.4 5373.0 368.5 347.4 410.5 446.7 5522.3 387.1 440.1 598.2 505.0
S5 2419 230.8 239.0 393.1 371.1,229.2 199.6 2149 2834 353.0 3645 2449 293.1 357.2 330.5

S6 @3 522.9 278.4 311.8 727.8 706.6 | 523.5 2929 323.7 777.4 634.5 | 416.4 265.4 387.4 420.8 348.7

S7 184.0 170.9 170.7 276.0 250.3 :405.5 375.4 332.1 4427 556.5 : 103.7 55.3 939 1114 106.0

S8 o 368.3 290.2 3419 461.6 463.8 ! 678.3 480.0 605.7 834.1 960.2 ! 621.2 422.8 547.6 606.3 484.7

S1 573 420 554 691 731 | 132.7 99.8 101.0 149.0 144.8 | 102.4 69.9 79.8 1190 111.1

S2 o 919 736 87.6 109.6 106.6 : 375.0 296.2 379.9 394.3 373.0 : 285.8 232.0 301.3 299.5 277.3

S3 87.7 642 830 101.0 956 12693 1841 222.7 277.9 236512249 177.2 209.1 2389 219.8

) S4 62 645 431 549 703 733 : 522.3 387.1 440.1 598.2 505.0 : 249.0 190.2 200.0 276.1 263.5
Azlem/s') S5 1239 79.8 1014 137.0 139.5 | 364.5 2449 293.1 357.2 330.5 i442.0 325.9 383.5 4104 378.6
S6 @3 80.3 84.7 1176 849 825 : 416.4 265.4 387.4 420.8 348.7 : 262.2 216.6 294.7 293.6 272.7

S7 103.7 553 939 1114 106.0 | 591.9 572.6 351.7 497.2 6614 | 262.7 1785 232.4 288.5 257.6

S8 o 133.8 91.2 135.7 127.1 124.7 : 621.2 422.8 547.6 606.3 484.7 : 392.3 306.1 367.8 411.0 373.2
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Table2.5 Two-way Factorial Analysis of amplitude, average speed and acceleration during

walking, running and jumping

Factor A: Measuring Points
Factor B:GroupG1, G2, G3, G4

T T
Diection Exercise Factor Amplitude | Speed |Acceleration
Walking I I
%% i *% i *%
x (Lateral) Running | |
B %% I *% [ *%
A ' * ' ok
Jumping ' !
B i i
A * ! * !
Walking ! !
B *% ! *% !
A *% : %% :
y (Sigittal) Running B » I » I »
| |
. A i sk i
Jumping B I I .
| !
. A i i
Walking | |
B %% i *% i * %
A i i
z (Vertical) Running | |
B * % i * % i * %
A | |
Jumplng B %% : *% : *%

Level of significance: (*:5% **:1%)
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Table 2.6 Average amplitude of each point during walking, running and jumping

Walking : Running : Jumping
Point PO P2 P4 P6 P8 ; PO P2 P4 P6 P8 ; PO P2 P4 P6 P8
Dx(cm) Aveage 1.0 0.8 0.9 0.9 0.9 | 2.0 1.7 1.9 1.5 15 I 0.8 0.6 11 1.1 1.2
S.D. 0.4 0.3 0.4 0.4 04 ;05 0.5 0.4 0.5 02 ;03 0.2 0.5 0.4 0.5
Dy(cm) Aveage 1.9 14 1.7 2.3 2.1 | 3.2 2.1 2.2 3.1 3.4 | 2.4 2.0 2.3 2.9 2.3
S.D. 0.7 0.4 0.6 0.7 0.7 | 0.9 0.5 0.5 1.1 09 | 1.0 1.0 1.1 1.0 0.9
Dz(cm) Aveage 0.6 0.4 0.6 0.6 0.6 | 2.4 1.7 2.0 2.3 2.1 | 3.6 2.8 33 3.4 3.3
S.D. 0.3 0.2 0.3 0.3 03 | 11 0.7 0.9 1.1 09 ! 13 1.2 1.3 14 1.3
Table 2.7 Average amplitude of each group during walking, running and jumping
Walking ! Running ! Jumping
Group G1 G2 G3 G4 ! Gl G2 G3 G4 ! G1 G2 G3 G4
Dx(cm) Aveage 04 08 11 13 114 14 19 21 ;11 08 09 09
S.D. 0.1 0.1 0.0 00 ; 04 0.4 0.2 00 | 0.6 0.3 0.5 0.3
Dy(cm) Aveage 13 1.6 2.5 2.1 | 20 27 34 31 | 3.2 2.3 19 2.2
S.D. 0.2 0.8 0.4 0.2 | 0.1 0.2 0.3 1.0 |1 1.0 0.8 1.2 1.0
Drcm)  Aveage 04 04 06 08 |13 20 18 33119 30 35 47
S.D. 00 00 01 04 ! 06 09 04 03 ! 04 1.1 0.5 1.0
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Fig.2.26 Significance of amplitude in the lateral direction

jumping
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Sagittal Direction
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Fig.2.27 Significance of amplitude in the sagittal direction during walking, running and

jumping
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Vertical Direction
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Fig.2.28 Significance of amplitude in the vertical direction during walking, running and

jumping
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RIXHAFEY A XL DA ERETRON RN -T2,

AR 5 18 DL HE DN T, WTFhOEBICE N THAMO 2 & P2, P4
M ORES LV /NS, EFT - VX v TEEO P2 & PO, P6, P8 X P4 L P6 LD
MICABENRENTZ, LWEV A XiZoWn Tk, #H17 - ETRKITZALAEY A AN K
WG GARED T A AR/PNS WL 2L REWZ RSN,
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N, BBEREIRD N ol, LEFA XIZHOWTIE, G4 FEIIMOFELY A
HICHSEL, GLEIZMoOBE LV ABICESENDI Z E RSN,

Table 2.8 Average speed of each point during walking, running and jumping

Walking
Point PO P2 P4 P6 P8

Running Jumping

PO P2 P4 P6 P38 :PO P2 P4 P6 P8

37 24 45 50 50

T
i
Aveage 30 23 29 31 33 ;62 53 65 57 60 ;

T
|
Vx(cm/s) |
S.D. 1.2 0.9 1.2 1.1 12 | 16 1.2 1.8 14 14 ;14 0.8 1.6 1.7 1.5
Vy(cm/s) Aveage 60 47 58 78 70 ;106 81 7.8 110 11.8 120 86 112 152 135
S.D. 2.0 1.2 16 25 23 |31 20 21 30 26127 23 23 28 25
Aveage 2.7 18 25 2.7 27 1133 93 114 131 1191131 102 119 129 121
Vz(cm/s) I '

S.D. 11 07 11 10 09 !63 43 54 63 54147 40 44 42 40

Table 2.9 Average speed of each group during walking, running and jumping

Walking
Group Gl G2 G3 G4
Aveage 15 2.5 36 41

Jumping
G1 G2 G3 G4
'42 33 48 43

Running
Gl G2 G3 G4
t46 54 61 7.6

! !

| |

Vx(cm/s) | |
S.D. 04 02 03 0100 14 01 11 ;22 11 17 00
Vy(em/s) Aveage 47 58 81 65 |67 102 103 122 ;123 11.0 115 137
S.D. 06 32 09 1217 04 12 20 (23 01 04 23
Aveage 17 20 28 35 169 116 98 1881 75 109 134 164

Vz(cm/s) | |

39 64 10 0.1

S.D. 06 04 07 10 | 28 35 24 33
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Lateral Direction

Measuring Points Group of Subjects
Walking
20.0 20.0 -
15.0 15.0 %ok *k
€ 100 | w0 L [ |
S | o |
5.0 5.0 | | |
WA M= 1]
PO P2 P4 P6 P8 G1 G2 G3 G4
Running
200 200 o
| * %
150 | 150 | |
E * %
E 100 100 |
)
53
Y
N |+’ F—’ m m m | | \ \ \
0.0 0.0
PO P2 P4 P6 P8 G1 G2 63 Ga
Jumping
20.0 20.0
%
15.0 15.0
! * % l
2 — 1
€ 100 | * % 100 |
= |
>
S
50 | m m m m 50 |
w L [T 7] T
PO P2 P4 P6 P8 G1 G2 G3 G4

Level of significance: (*:<5% **:<1%)
Fig.2.29 Significance of average speed in the lateral direction during walking, running

and jumping
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Sagittal Direction

Walking
20.0 20.0
15.0 | 15.0 | *
= |
< * ¥
§ | |
2 100 100 |
>
> |+‘
-l m ’Jr‘ W m °l \
0.0 0.0
PO P2 P4 P6 P8 G1 G2 G3 G4
Running
,Ll * %k | *
200 - *k ” ** 200 | | * ok |
| *% | o |
||| | | |
15.0 | 150 |
=
£
S 100 | 10.0 |
>
>
50 m m 5.0 |
0.0 0.0 L L |
PO P2 P4 P6 P8 G1 G2 G3 G4
* %
* ¥
Jumping * ok
|
20.0 - I 200
| I
*
15.0 % 15.0 +
Q
g 10.0 | 100 |
=
>
50 | 50 |
0.0 0.0
PO P2 P4 P6 P8 G1 G2 G3 G4
Level of significance: (*:<5% **:<1%)
Fig.2.30 Significance of average speed in the sagittal direction during walking, running

and jumping

_63-



Vertical Direction

Measuring Points
Walking

20.0

Vz(cm/s)

50
w01t M [ [
PO P2 P4 P6 P8
Running
20.0 r
15.0 F
z
_g__ 10.0
N
>
50
0.0
PO P2 P4 P6 P8
Jumping
20.0
15.0
T M = Mo
E 10.0
N
5 |
5.0
0.0
PO P2 P4 P6 P8

20.0

15.0

10.0

50

Group of Subjects

0.0

10.0

5.0

200

15.0

0.0

20.0

15.0

10.0

5.0

0.0

G1 G2 G3 Ga
EX 3
* % %k
| | . |
| |
Gl G2 G3 G4
*
* %k
*kk |
| * % |
L,
G1 G2 G3 G4

Level of significance:

Fig.2.31 Significance of average speed in the vertical direction during walking, running

and jumping

(*:<5% **:<1%)
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SEEIMEEIZ O WTOLEERKOREZ 2,10, 2.11 & X 2.32~2.34 |27,
FERITEOMBEE L, WTFhoEEICE TS EE - WAoo & P2 idfho 8 X0 /h
S< . FICHMI D 2 5P6, P8 EITfEBRER 1%L FOKETHEENRD BT,
HEY A ZZOWTIE AEY A AR REVIE EFEHIMHEE N RE < (GRS 63,
CAREX G2HEL GAREL OMICHEENBO LT,

;

HBHFEIZONTIE W T O EENCIB W T H HIE A P2 OB E A /N X n

pusi|

Il
W EHEEZTIRONR P>, LEF A XICHOWTIE GBI OBEL Y NS L,
EAT - P TR G EOBICHEEEN RSN,

EFTHMIZOoONTHENTROEERHICE W THHES P2 OFEEMBHE R /NS0
W, BEREIRINGED o7z, AR A X0 TIE, G4 FEIXGLBELV AR
W RE o7,

EEENRE AT &b E R P2 OFENNERE 2 e b/ & < (A TT 1A O NNE A
EEMNAONE, £, AEBPKEV ABOPHMEEIZCIBELVABEICRT
H 5,

Table 2.10 Average acceleration of each point during walking, running and jumping

Walking Running Jumping

I
Point PO P2 P4 P P38 ! PO P2 P4 _P6_ P8 ! PO P2 P4 PG P8

Aveage 882 673 853 1268 127.9:178.3 123.4 200.1 194.1 219.4i136.1 85.3 144.0 203.0 186.2

Ax(em/s’) S.D. 259 183 248 384 352 ;631 365 769 783 635 ;659 250 511 90.5 528
Ay(cm/s2) Aveage 279.0 240.1 255.1 411.1 399.3 i385.9 328.0 334.4 493.0 528.0i350.6 2445 308.2 364.4 316.1

S.D. 142.9 97.1 106.0 182.5 183.01180.1 116.8 154.0 226.5 235.01178.4 128.5 161.4 183.3 145.6
Az(cm/s2) Aveage 929 66.7 91.2 101.3 100.2 1411.7 309.1 340.4 412.6 385.61277.7 212.0 258.6 292.1 269.2

S.D. 267 18.7 279 250 23.9 !164.9 148.4 136.3 155.9 162.5!103.5 80.4 99.4 93.5 84.9

Table 2.11 Average acceleration of each group during walking, running and jumping

Walking : Running : Jumping
Group Gl G2 G3 G4 : Gl G2 G3 G4 ' Gl G2 G3 G4

Aveage 65.2 924 121.8 116.9i115.2 177.4 189.0 250.6i106.5 127.9 181.1 188.1

2
AXem/s) ch g4 280 67 56 [572 298 415 65 |59.5 430 138 674
ay(cmys2) Avedge 2235 3441 4023 297.8{2335 4712 3837 567.0{2446 3643 3429 3153
S.D. 315 239.4 1516 123.6]70.2 1159 179.2 204.5{168.4 1785 351 312.9
Aveage 76.6 73.8 103.2 1083 1244.6 364.3 342.9 315.31187.8 224.9 328.0 307.0
Az(cm/s2) ' '

S.D. 244 17.7 18.6 20.1 !168.4 1785 35.1 312.9!129.2 154 849 89.2
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Lateral Direction

Measuring Points Group of Subjects
Walking
800.0 800.0
700.0 | ** i 700.0 |
600.0 | kil 600.0 |
- * % **
T 5000 | ., 1 500.0 | - -
< w000 | T | a000 | [ |
< 3000 | | 3000 ] o |
2000 | 2000 | | |
SO0 o I I Bl N
= [
0.0 0.0
PO P2 P4 P6 P8 G1 G2 G3 G4
Running
800.0 800.0
700.0 700.0 | s
600.0 L * % | * %
__ 600 ok 6000 = ] |
ésoo.o ,—l** 5000 . |
S a00.0 | * || Kk | 2400.0 - | k% |
x
< 300.0 i i _T,_ 300.0 -
200.0 T J T l 200.0 |
100.0 m m 100.0 rh | \
0.0 . 0.0
PO P2 P4 P6 P8 G1 G2 G3 G4
Jumping
800.0 800.0
700.0 700.0 | ™
600.0 | r I 600.0 | |
< 500.0 | ** 5000 | *
_c_Ea,Aoo.o i Xx i 400.0 | **
% | |
< 300.0 - 300.0
200.0 1 200.0 |
=ih e A =ln f [
0.0 0.0 — [ 1 [ |
PO P2 P4 P6 P8 G1 G2 G3 G4

Level of significance: (*:<5% **:<1%)

Fig.2.32 Significance of average acceleration in the lateral direction during walking,

running and jumping
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Sagittal Direction

Measuring Points Group of Subjects
Walking
800.0 800.0
700.0 700.0
__ 6000 600.0
'é'- 500.0 | 500.0
% 400.0 | 400.0
< 3000 | 300.0
200.0 F 200.0
100.0 | 100.0
0.0 0.0
PO P2 P4 P6 P8 G1 G2 G3 G4
Runnin * ¥ *
8 * %
800.0 800.0 | |,
700.0 700.0
- 600.0 | 600.0 1
\2. 500.0 L 500.0
= 4000 400.0
< 300.0 300.0
2000 | 200.0
100.0 | 100.0
0.0 0.0
PO P2 P4 P6 P8 G1 G2 G3 G4
Jumping
800.0 800.0 o
700.0 | 700.0 | .
__ 600.0 G 600.0 |
‘é- 500.0 | 500.0
::_ 400.0 | 400.0
300.0 | 300.0
2000 | 200.0
100.0 | 100.0
0.0 0.0
PO P2 P4 P6 P8 G1 G2 G3 G4

Level of significance: (*:<5% **:<1%)

Fig.2.33 Significance of average acceleration in the sagittal direction during walking,

running and jumping
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Vertical Direction

Measuring Points Group of Subjects
Walking
800.0 800.0
700.0 700.0
__600.0 600.0 5
‘E 500.0 500.0 I
.‘5. 400.0 400.0 | * |
< 3000 | 300.0 | *% |
200.0 | 200.0 | |
100.0 | |—1—| |—1—| 100.0
w L1 0[] 9 I Y N B B A
PO P2 P4 P6 P8 G1 G2 G3 G4
* %
Running M, |
800.0 800.0 [ » i
700.0 700.0 i i
600.0 | 600.0
E 500.0 500.0 |-
§400.0 - 400.0 [
< 3000 | 3000 |
200.0 | 200.0
100.0 100.0 |
0.0 0.0
PO P2 P4 P6 P8 G1 G2 G3 G4
Jumping
800.0 800.0
700.0 700.0 ,:7[
600.0 600.0 | — |
5000 | 5000 |
S 4000 | 400.0
< 3000 | 300.0
2000 | 200.0
100.0 | 100.0 ’_x_‘
0.0 0.0
PO P2 P4 P6 P8 G1 G2 G3 G4

Level of significance: (*:<5% **:<1%)
Fig.2.34 Significance of average acceleration in the vertical direction during walking,

running and jumping
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2.3.2 AEDEHERH

W E R DOBERE 8 4 O B EMIG I & A WBRE O L FE O FEME IS 71 0 ¥l %
# 2.12 127, 2. 35 [T B O A W E RO EME IS /) F son & F 1onm D FG R T
HoH, BWERELEST L L, S PL, PT, P8It I & A L0 JE eI /)
Fsm, Fiom /NS, LW IEN RSN, EEBREL KT DL, B
MR EVWHRE S6, ST, S8IZAFBE /NS WHERFE S3, S5 KV EMIS I3/

ZEWTRENT,

Table2.12 Average breast compression stress

P1 P2 P3 P4 P5 P6 P7 P8  Average S.D.
S1 0.73  1.32 1.75 138 128 124  1.06  0.65 1.18 0.36
S3 148  1.81 146 189 176 163 140  1.32 1.59 0.21
S5 085 156 208 1.67 146 156 154  1.08 1.47 0.37
Fsp S6 1.36 142 1.42 1.32 1.39 140 133 1.00 1.33 0.14
(kPa) S7 115 124 152 117 107 123 119  1.00 1.20 0.16
S8 074 110 148  1.32 1.25 139 116  0.85 1.16 0.26

Average 1.05  1.41 1.62 146 137 141 1.28  0.98

S.D. 032 025 025 027 023 016 018 022
S1 360 356 493 418 297 278 273 234 3.38 0.86
S3 496 523 418 443 408 421 288 317 4.14 0.80
S5 1.79 328 554 341 332 426 286 179 3.28 1.24
Fromm S6 292 301 356 301 293 382 271 244 3.05 0.44
(kPa) S7 3.31 2.78 3.00 2.42 2.14 2.65 2.38 2.42 2.64 0.38
S8 1.50 229 330 277 299 336  3.09 196 2.66 0.67

Average 3.01 336 409 337 307 351 277 235

S.D. .27  1.02 099 080 063 070 024 048
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F5mm(Kpa) FlOnun (Kpa)

——51
—-S3
—&—S5
—-©—-56
-8-57
—A—S8

P7

PS5 PS

Fig.2.35 Breast compression stress of each measuring point

2.3.3 AEDKEHENE

BEREREHME &2 ™ Ue & RTICOW T, JIE RSB, BB E NS & R 7 ik R
F 213107, 2. 36 ITHBMAEANNCHAMERD Ue & RTDFERZH R LIS
DTHD, BMERZ BT 5L, L SMUD PL, PT, P8 D5 T MEIE A o HI 7E A
LV REW, BWBE LK T 2 & KEORERITALFENRKE OHEEE S5~S8
IF/NE DB S1~S4 K0 K& o iz,
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Table2.13 Average skin viscoelasticity of the breast

P1 P2 P3 P4 P5 P6 P7 P8  Average S.D.

S1 0.131 0.142 0.146 0.165 0.077 0.084 0.144 0.153 0.130 0.03
S2 0.197 0.121 0.145 0.101 0.202 0.163 0.123 0.281 0.167 0.06
S3 0.18 0.126 0.156 0.110 0.092 0.110 0.194 0.230 0.150 0.05
S4 0.171  0.144 0.170 0.136 0.166 0.081 0.178 0.215 0.157 0.04
Ue S5 0.178 0.105 0.076 0.069 0.115 0.098 0.136  0.205 0.123 0.05
(mm) S6 0.196 0.148 0.149 0.115 0.095 0.122 0.145 0.221 0.149 0.04
S7 0.216 0183 0.106 0.138 0.189 0.133 0.153 0.235 0.169 0.04
S8 0.179 0.188 0.139 0.174 0.151 0.130 0.107 0.196 0.158 0.03
Average 0.182 0.145 0.136 0.126 0.136 0.115 0.147 0.217
S.D. 0.025 0.029 0.030 0.035 0.048 0.028 0.028 0.036

S1 0.753 0.799 0.722 0.711  0.817 0.847 0.841 0.639 0.766 0.07
S2 0.725 0783 0.711 0.743 0.695 0.732 0.749  0.692 0.729 0.03
S3 0.760 0.725 0.673 0.723 0.713 0.755  0.727  0.741 0.727 0.03
S4 0.759 0.807 0.610 0.736 0.785 0.781 0.781 0.714 0.747 0.06
S5 0.761 0.778 0665 0.763 0.760 0.864 0.840  0.817 0.781 0.06

R7 S6 0.727 0.818 0.667 0.805 0.758 0.830 0.823 0.784 0.776 0.06
S7 0.807 0.777 0.810 0830 0.782 0.839 0.850 0.830 0.816 0.03
S8 0.788 0.826 0.805 0.795 0.828 0.827 0.874 0.840 0.823 0.03
Average 0.760 0.789 0.708 0.763 0.767 0.809 0.811 0.757
S.D. 0.028 0.032 0.070 0.043 0.046 0.047 0.052 0.072
R7
P2 --51
-&-52
—A—S3
—%—54
P7 P3 P7 P3 s
—-56
—8-57
P4 —A—S8
P5 P5

Fig.2.36 Skin viscoelasticity of each measuring point

FWBRE OFM, LEOKRE S JEMFIE L ERMELZ R 2. 14 1IT7T, £h
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HOBBRERTT 2720 BT EZ RS EHEOBRE LT, fREE 2.15
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s & FE OIEAMREME, KE O HIME S OMBIIRD R oTz, LEDOKE
SEFiom& 0.7TL EOMBEZR LI, REOH N ZHRT Ue LARBEORETI LD
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776

Table2.14 Age, breast size, breast compression stress and skin viscoelasticity of each

subject
Subject Age  Bust Girth-Underbust Girth F5mm F10mm Ue R7
(year) (cm) (kPa) (kPa) (mm)
S1 22 11.8 1.18 3.38 0.130 0.766
S2 27 12.8 — — 0.167 0.729
S3 26 13.4 1.59 4.14 0.150 0.727
S4 29 15.5 — — 0.157 0.747
S5 26 16 1.47 3.28 0.123 0.781
S6 25 16.4 1.33 3.05 0.149 0.776
S7 24 16.8 1.20 2.64 0.169 0.816
S8 26 17.2 1.16 2.66 0.158 0.823

Table2.15 Correlation between skin viscoelasticity, compression stress and breast size,

age
Age Bust Girth-Underbust Girth Fsmm  F10mm Ue R7
(year) (cm) (kPa) (kPa) (mm)
Agel(year) 1.000 0.240 0577  0.107  0.343  -0.368
Bust Girth-
Underbust Girth 1.000 -0.199 -0.731 0.227 0.735 *
(cm)
F5mm(kPa) 1.000 0.797 -0.323 -0.757
F10mm(kPa) 1.000 -0.433  -0.974 **
Ue(mm) 1.000 0.048
R7 1.000

Level of significance: (*:<5% **:<1%)
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TILHBEREOMBZ R LTz, E1TH ORI TR O KIRIE & 858 (21
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Table2.16 Correlation between the breast vibration and breast compression stress, skin

viscoelasticity, body characteristics and point N vibration

Bust Girth-Underbust Girth ~ Fj,., Fiomm Ue

Motion  BMI (mm) (kPa) (kPa) (mm) R7 N
Walking 0.470 0.923 ** -0.024 -0.567 0.207 0.724 * 0.611
Dx Running 0.122 0.800 * -0.705 -0.966 ** -0.031 0.886 ** 0.062
Jumping 0.054 -0.291 0.577 0.272 0.087  -0.308 0.770 *
"~ Walking 0833 * 0538 0529  -0.055  -0.258 0409 0268
Dy Running 0.671 0.739 * 0.125 -0.280 -0.083 0.480 0.519
Jumping -0.393 -0.471 -0.299 0.017 -0.309 -0.077 0.718 *
© Walking 0483 * 0720 * 0262 -0.561 0067 0738 * 0539
Dz Running -0.139 0.802 * -0.517 -0.806 0.658 0.666 0.544
Jumping 0.323 0.921 ** -0.315 -0.742 0.227 0.756 * 0.218
Walking 0.521 0.922 ** -0.052 -0.609 0.150 0.759 * 0.636
Vx Running -0.049 0.856 ** -0.502 -0.868 * 0.375 0.798 * 0.219
Jumping 0.394 0.114 0.457 -0.074 -0.003 0.024 0.289
"~ Walking 0723 * 0388 0600 0181  -0173 0204 0841 **
Vy Running 0.395 0.840 ** 0.017 -0.397 0.406 0.512 0.804 *
Jumping -0.020 0.161 -0.789 -0.496 -0.101 0.669 0.482
"~ Walking 0566 0725 * 0071 -0503 0089 0679 0349
Vz Running -0.145 0.796 * -0.478 -0.798 0.651 0.627 0.613
Jumping 0.376 0.905 ** -0.211 -0.681 0.219 0.691 0.318
Walking 0.674 0.748 * 0.322 -0.246 0.015 0.521 0.775 *
Ax Running 0.051 0.895 ** -0.229 -0.665 0.628 0.597 0.607
Jumping 0.633 0.619 0.186 -0.284 0.101 0.433 0.792 *
© Walking 0574 0156 0549 0454  -0.169 -0.009 0989 **
Ay Running 0.268 0.579 -0.004 -0.190 0.444 0.361 0.896 **
Jumping 0.500 0.530 0.098 -0.146 0.168 0.377 0.984 **
© Walking 0591 0580 0086  -0421 0030 0522 038
Az  Running -0.128 0.806 * -0.382 -0.784 0.683 0.535 0.616
Jumping 0.592 0.687 0.159 -0.384 0.041 0.384 0.753 *

Level of significance: (*:<5% **:<1%)
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Table 3.1 Profile of subjects

: a) . b) . _ .
Subject ( ;Asge BMI Bust Girth®” Underbust Girth” Bust Girth-Underbust Girth

ear) (mm) (mm) (mm)
S1 22 18.8 833 715 118
S2 27 18.0 833 705 128
S3 26 23.1 889 755 134
S4 26 25.6 998 838 160
S5 25 21.4 904 740 164
S6 26 22.1 975 803 172
Average 25.6 21.5 905 759 146
S.D. 1.8 2.8 70 52 22

A N A NPHIE. B 90° BEACOEEN A ILIE S AW D R TR A2 N A MRS EME,
p g — NA NP, B LTRET, WEDOSL LHOEN & LEBE DR EEKEIC
2 JE R,
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Fig.3.1 Deformation of the breast by taping tape
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Table 3.2 Measuring points and lines for making plaster model of each subject
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Fig.3.2 Structure of experimental brassieres
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Fig.3.3 Design lines of brassieres on the plaster models
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Fig.3.4 Developed pattern of experimental brassieres
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Fig.3.5 Experimental brassieres of each subject
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3.3 # B
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S1

Without Brassiere

With Brassiere
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S2

Without Brassiere

With Brassiere
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S3

Without Brassiere

With Brassiere
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S4

Without Brassiere

With Brassiere
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S5

Without Brassiere
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S6

Without Brassiere

With Brassiere

Fig.3.6 Pictures of each subject without and with experimental brassieres
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T ERLEBEOMNBELEE LD IS, ZRITRHAIS 2T 4 (C9036-1) & H W,
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Fig.3.7 Measuring points of 3D-dimensional measurement

33T EWBRE T IEMNGT X — NN A MLEZEZTHEHR Ub &ENADO L
THMOEREDzZ] ZRT, 77 HEEMITER T IEMKE U RE NKEDO LT TR
DOHEEZHR 8m/hs < LENFEDL LT o s 2 &EBRER SN,

T3 ATFWERFEOILFHPO ENREDOLEL - ETOEREDx], [Dz]Z7R7,
7 AR T T A MR ASA T 4nm, B GAIEK 8m/h S < A2
AFEEENTLCFEOR, b LoD Z MBI, £, AEAL

THEOBEEOZLTIERREWIZERET -T2,

Table 3.3 Distance between point Ub and N in the vertical direction

S1 S2 S3 S4 S5 S6 Average  S.D.
Without brassiere 203 185 209 218 230 220 211 16
194 179 201 210 221 212 203 15

Wlth brassner'e - 6 3 8 -9 -3 8 1
Without brassiere
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Table 3.4 Distance between point PO and N in the lateral and vertical directions

S1 S2 S3 S4 S5 S6 Average S.D.
Without brassiere 61 57 81 88 83 103 79 17
Dx(mm) _ Withbrassiere 58 55 77 & 77 % B _ 1 _
Wlth brassner.e - 3 2 " 2 5 8 4 2
Without brassiere
Without brassiere 147 126 139 154 155 151 145 11
Dz(mm) _ Withbrassiere 143 123 133 147 144 139 138 9
Wlth brassner.e - 5 - 6 8 11 12 8 3
Without brassiere
3.4 & =

EBRM 7T 700y 7T EHE=— Va2 ENT 2L T, 7790y Ty
TRLEO7 4 v MREBBESN, 770@EAERARD LN, TTHEEM -
7I7EMOBEEOREK, o ZWoucEHIC LY BEBRE L L ERHA T 7 EHIC
LV, AEARL LTS Ll FEELN, 7T OBEENRHER I, KFER
M7 I BRHLBEREEEZDZERSEVELVAR MNEREEZ D ZENAREN

7=,
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4.2 REBRAXE
4.2.1 HWERE
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Table 4.1 Profile of subjects

. a) . b) . } .
Subject (}iii ) BMI Bust Girth® Underbust Girth” Bust Girth-Underbust Girth

(mm) (mm) (mm)
S1 22 18.8 833 715 118
S2 27 18.0 833 705 128
S3 26 23.1 889 755 134
S4 26 25.6 998 838 160
S5 25 21.4 904 740 164
S6 26 22.1 975 803 172
Average 25.6 21.5 905 759 146
S.D. 1.8 2.8 70 52 22
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Fig.4.1 Measuring positions of under bust Fig.4.2 AMI3037-10 for measuring

clothing pressure

very loose loose a little loose just right a little tight tight Very tight

I I I I I I |
1 2 3 4 5 6 7

Fig.4.3 Sensory Evaluation of Compressive feeling

4.2.3 EBE - IR OBE - &4

RBOBEILE LT EMIRLE Lz, ABEOWERIZK 4.4 1277 T@EY . ALER
PO & =D JEFH P2, P4, P6, P8 D 5 8L L7z, P2~P8ix, EM TR LIZHE—
AT A4 v HBHAMBBON 1/3 2/ T —F A4 (BE#R) &, FLEEA
AL ET ORI 45° BHMEDZERTH D, LB LAY T T LOXROKRE %
ST B0, 77 EORESITHLE EORESOLEM 12 mo K (P07 ~P8 )
& LT, BB A BB T 5720 W ICIE 4.5 ISR TR S AO B 12 md [
Bat— Nz lb 0T, EAERE L AEOMEZIEZ X T 5 HT,
W EHIERS OB LTI WEK Eos L L THEA (Neck point, BLF
NAEBET) 2L, T ZREERL L TN AL ERNE SO BEEZ L E K5

ST ORRE L,
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Base line

|
Innerline *

Center of front

Fig.4.4 Measuring points of the right breast and brassiere

Fig.4.5 Markers for tracing motion on the breast and brassiere

EESEMIL BT ET. .Y IO TH D, MLy R IV ETHAT (4km/h) |
E1T (6km/h), ¥ v 7 (1.76Hz) @By Z AT L, FEE T O 16 B H O % Kk
oo Mgk Lo, BT - BITHERIC, BEZIRD BRRBIT - EfT2179 L. LK
DENE DB T, FIRILH% - EAICKELSBIHT D720, BBREITW T2 S
DEMBEIZEES, MORVIZLDIAF~OEBEER T -, FEBHE VKL 3
Fle L, ZOFPHZREME Lz, BIE OB VIALITE 2 EICHEL, —RkT#E
BN AT A (FyvAa2sT7 vy 7 BRREH) 2T, WERBNDL 15

B oG 2 0.01 HERETHRYIAALE, x BIEEIZAEL ORE), v A E XA
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B"OWRE, 2 EFEMITI ETORBZELT, RYAAL I BHOT —Z 2 1EHL

=D BT IR L7,

4.3 % B
4.3.1 ZFUB—NZA+FRBRERVE G
FA2IIEREOKFEDTIET T ERREORERM OKRIEE RT, ZOF
PIE S OB D ZDREFRE R Z K 4.6 IZR T, WT IO b E D TIENKE
KBRDIFERELS 2o, £, WTHOGFE D TEIZE W TS Ml & O Kk 23
RREZRLTWDOE, MmO MRAMEMAL Y AEICRE N & £ A
HICIEMERH Y, ZO LORTEMRENZLIZL2bDEEZLND,
PBRFE B DOAFED TIET 7 E MR OEBEOFM AR Z M 4. 7TI2RT, GO
5 3em DA, SI~S3 T TH L5 &5 BV, S4~S6 1% TR0V LRl L 7=,
FHOSTE 6em DA, S3UA, 2R [H x5 5 RV LEHli L7c, & Tk
9em DIFE L, S4 LA, OBELHRE L TR0 & D0, [E20n ) LFEi L, &
OFTENPRELLBRDIEBFEREBEBENREWNWZ ENR RSN, KO TIE, #HEBREIC
IVEBENRLRY, ZRIEIHEREPEERFH L TVWDLT7T7O0T7 =12 FD

FHOIEN R D ZENREELTVLEDLEERZLND,

Table4.2 Clothing pressure on the measuring positions with brassieres

S1 S2 S3 S4 S5 S6 Average S.D.

Front 9.3 6.4 7.4 5.2 6.7 7.3 7.1 14

(UB-3)cm  Side 12.9 12.7 10.9 13.4 13.3 12.9 12.7 0.9
Back 7.6 9.5 6.5 8.9 12.3 7.3 8.7 2.1

Front 12.7 9.9 9.7 9.7 11.8 9.1 10.5 14

(UB-6)cm  Side 17.3 22.9 16.0 16.9 17.6 15.4 17.7 2.7
Back 9.1 15.1 8.1 14.2 14.3 9.2 11.7 3.2

Front 16.5 12.6 114 11.2 12.4 12.0 12.7 1.9

(UB-9cm  Side 22.8 28.2 21.1 19.9 20.6 22.5 22.5 3.0
Back 11.0 14.6 9.6 14.6 13.6 10.0 12.2 2.3
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Clothing pressure(hPa)
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u O u o u

o

tight
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(UB-3)cm

(UB-6)cm (UB-9)cm

Fig.4.6 Clothing pressure on the measuring positions
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Compressive feeling
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Fig.4.7 Compressive feeling in brassieres
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4.3.2 JS5ERAKEHICHSIAERD L

AT, BT VxR ENEN—EORE TR ETHOL 15 B OT —
ZaMWTIERL L7, FEBOFHBITE 2 =L FKRIC, BI17. EfTOHBIT,
IR IR I R N DR ARNL 2 & o To R i BIR O R B i F O I IR £ T %
LEME Uiz, % v 713, N A ]2 82 HURE O Fe AR AL & B o Ty B IR O [l & B2 HiRf
ORRBEMAZEDETELABE L,

4.3.2.1 7. 7. PYUITHOEEK-z2@E). BE (vy-zE) ORKXIKRIE

4.8 I/ WHREDO T ZIEBFE L OEFEOTIET 7 EHBOLEA RO L
T EATMORKBEOBEMEZEDNRENICTRLEZbDOTH L, 77 EMEEOD
BKBRIZ, WTHOEBERMAETH T ZIEEARFORE & ik LTl Sh 5
M2 MB AL, 77 EMRORELZ WD &, BITRIZET - A& 8D T,
1.Ocm AN & 7g o TV 5, EATRRIEZ, BT ML S1~S3 2% 1. 2em LA S4~56 73
#91.5~2. 5em, 224 F1A11% S1~S3 28 0. 5~2. Ocm LL F,S4~S6 7% 1.0~3. 0cm T,
EABREO N ETHRELDSSORE W, —F, Yx v 7 RiE B FIRIEA S1~83
T 0.5~2.0cm, S4~S6 T 2.0~4.5cm & KEWDIZxf L, ZEAIRIEIX 1. Ocm LI
ENEL, EREIZLD2ELELTHDL, WThOER S LT HROKRET,
B A ZXNRKREDHERE S4~S6 (THFE VA ANR/D S WVHEERE S1~S3 Lh k& W
HmnrInnTnd,

4.9 IHEREOT ZIEEMEROEGFED FTET 7 EAKEOLEX RO L
T - AitE T M ORKIREOBEREZEDH KNI RLEbOTHD, 77 EHARED
A% G M KIRIE 1L, WIhOBEBFRMETH 7 7EEHEORSE & ik L Tl
STV, 7725 AR O IRIE L, BRITHRIE S1~S3 2% 2. 0cm LA, S4~S6
2K 1.6~3.0em T, ETFIRME XLV RE < EITRSH SI~S3 7% 1.0~3. 0cm, S4~

S6 7% 2.0~5.0cm AN T, IO T2 ETFIRIE LY KRS v, i, &7 -
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ETREBRENAIRICRIET 2 E0EERRETVWEEZIONDS, £, LEN
RKEWHBREO T NEIRICKELSBENDZ ENRENTZ, —FH., Vv v 7R,
ETF-AiEEDICRELENTWVDL SHOEBOREESIINLDORLE LD T,

FEFIROEBOLENRH TERhrolc, THIZHOWTIEFAROBEL T 5,

Without brassiere ; With brassiere
)
!
Nude (UB-3)cm (UB-6)cm (UB-9)cm
Walking 3
!
60 160 6.0 6.0 os1
i us2
5.0 150 5.0 5.0 As3
i xs4
4.0 140 4.0 4.0 oss
- ; As6
£ 30 1 3.0 3.0 3.0
2 !
N !
a 1
20 120 2.0 20
!
)
!
1.0 A 110 1.0 1.0
addo - 2 E
00 100 - - - — 0.0 : . . . , 00
00 10 20 30 40 50 | 00 1.0 20 30 40 50 00 10 20 30 40 50 00 10 20 30 40 50
3 Dx(cm)
|
!
Running ;
6.0 ! 6.0 6.0 - 6.0
!
5.0 3 5.0 5.0 4 5.0
|
|
!
4.0 A A 4.0 4.0 | 4.0
!
T A a |
L30 1 3.0 3.0 4 3.0
5 . |
[oe] ! A AA B
20 a’ © L 20 Ap A 2.0 1 AL A 20 %
h} X ; 00 O® og&%?( oo XX
e ! Fq.( wuw*x
10 ) P10 10 | WP 10 -%
. ; An P
0.0 i 00 e . . . 0.0 0.0
00 10 20 30 40 50 ! 00 10 20 30 40 50 00 10 20 30 40 50 00 10 20 30 40 50
i Dx(cm)
!
Jumping :
!
6.0 | 60 6.0 6.0 -
20 !
A i
!
5.0 | 5.0 5.0 5.0
A i
X ‘ A
1 A
4.0 X I a0 4.0 4.0
o X e & A
E ) ‘ A
)
530 i 30 3.0 30 1
2 |
N
a e A -y @é gﬁ %
201 @ o 120 20 {4 & 2.0 4 %
s 2
. N
10{ @ 110 {fy 10 | @ 1.0
!
!
0.0 . . v . . 0.0 . . . v , 00 : . : : , 00 . . . . .
00 10 20 30 40 50 00 10 20 30 40 50 00 10 20 30 40 50 00 10 20 30 40 50
Dx(cm)

Fig.4.8 Breast vibration amplitude of each subject in the nude and with brassieres during

walking, running and jumping on the x-z plane
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Fig.4.9 Breast vibration amplitude of each subject in the nude and with brassieres during

walking, running and jumping on the y-z plane
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Fig.4.10 Vibration amplitude of each measuring point and point N in the vertical

direction of each subject in brassieres during walking
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Fig.4.11 Vibration amplitude of each measuring point and point N in the vertical

direction of each subject in brassieres during running
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Fig.4.12 Vibration amplitude of each measuring point

direction of each subject in brassieres during jumping
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4.3.2.3 AERIOEXKRE. THEE. FHYNMEEZENERLET 508
FIEE R, SHEBRE OWE S O KRG & 2 O VLl E - IEE %2 £ 4.3~
WWRd, TNZ2RIZT770FMEELEAEY A A2 EHRET D 2 Tl EDS
B T, 77 &MEME (BRA) & LTE, 7I7FFAGELZED 4K
WranphdRed 201 L. Z7I7FREMFUELZINL CEHOTIEORRERDLT T
FHO 3 KEERG LT HHWNICH T CEMmM LI, LEVA X (FERB) &L
T, "AMET U F—ANRAMNOEZAFEYA X LHRLT, HBRELZABEY A
XHPFEED MEE (S1~S3) L HEH A XDOKZWLEE (S4~S6) O _FEICm T 7=
2 KHEERIE LT,

KB, FHEE, FHMEEZ ENERE T 0O ORBREE 4.6 1
AT, AT LIV TIE, B+ A (Z7EREKME) BEAFRNOHT - Py o7
EETHFmoYy rFICAEEPRO N, K+ B (ILEYAX) FnwTho
BB BT H & F M ORIE - HE - 0k IETHABENRENTE, — . H
FIOHKETIE, RFAZVWTRLOESHICBW T HEEZRET, D TED
HROFEBHIIRDONhole, I BIZOWTIHIEEAEMEZRL, 775
HARHLERETAFET A XLV EDH L Z ERRO LT,

Table4.3 Amplitude of vibration during walking, running and jumping

Walking ! Running ! Jumping
Subject Group Nude (UB-3)cm (UB-6)cm (UB- 9)cm Nude (UB-3)cm (UB-6)cm (UB- 9)cm Nude (UB-3)cm (UB-6)cm (UB-9)cm
s1 0.3 0.3 0.4 0.4 i 16 16 16 17 07 0.3 0.3 0.5
s2 M 04 05 0.3 03 |11 0.9 0.9 08 |16 03 0.3 0.6
s3 09 05 0.4 04 | 12 0.9 0.9 13 |10 02 0.3 0.2
Dx(cm) T :
s4 11 0.5 0.5 06 |18 20 1.9 23 | 13 0.6 0.7 0.8
S5 L 11 0.7 0.5 08 121 16 16 16 106 03 0.2 0.2
6 13 0.4 0.6 07 |21 2.1 2.2 24 |07 0.6 0.6 0.6
s1 11 1.0 1.0 09 ! 19 1.8 1.7 1.8 ! 39 2.0 24 23
s2 M 15 14 1.4 13 la20 26 25 26 |24 12 15 16
Dy(em) s3 2.2 15 11 13 ' 28 23 2.1 1.4 ' 1.7 25 2.6 2.6
s4 2.8 23 2.2 22 132 2.9 3.0 32 28 29 35 3.0
S5 L 22 17 1.4 18 |36 34 3.4 35 |11 15 15 1.8
S6 2.3 2.1 1.8 19 | 3.8 3.5 3.3 34 | 15 1.3 0.9 1.3
s1 0.3 0.4 0.4 04 | 09 0.7 0.6 08 | 16 1.0 1.1 13
$2 M 04 04 03 03 118 12 11 09 22 15 11 0.9
Dz(cm) s3 0.5 0.5 0.3 03 |13 1.0 1.0 11 122 16 1.7 16
s4 0.7 0.7 0.8 07 !15 1.4 1.6 17 139 2.7 24 2.6
S5 L o5 0.5 0.3 05 21 16 1.8 17 32 21 2.0 2.0
6 11 0.7 0.6 0.7 35 2.1 2.1 24 |54 32 33 3.8
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Table4.4 Average speed of vibration during walking, running and jumping

Walking ! Running ! Jumping
Subject Group Nude (UB-3)cm (UB-6)cm (UB-9)cm! Nude (UB-3)cm (UB-6)cm (UB-9)cm; Nude (UB-3)cm (UB-6)cm (UB-9)cm
S1 1.2 1.3 14 1.5 ; 4.6 4.6 4.5 4.7 ; 2.6 14 13 1.7
S2 M 1.8 1.5 1.2 1.2 i 4.6 3.7 3.6 3.4 i 5.8 2.2 2.3 2.6
Vx(cm/s) S3 2.6 1.4 1.2 1.3 ! 4.4 2.9 3.0 4.1 ! 4.1 1.1 1.2 1.1
sS4 3.8 1.9 2.0 21 | 6.0 6.0 5.5 6.7 | 59 2.3 2.5 3.0
S5 L 3.4 1.8 1.5 1.9 | 6.2 4.7 4.7 4.7 | 3.6 1.7 13 1.5
S6 4.2 1.3 3.1 2.9 | 6.8 6.6 6.7 7.3 | 4.3 4.1 3.3 3.7
s1 43 3.6 34 32 !s5 5.2 4.7 54 139 72 8.5 8.3
S2 M 5.2 4.3 4.5 4.3 ! 7.9 9.7 9.3 9.8 ! 10.7 5.9 5.8 6.9
S3 8.0 4.7 4.0 3.9 ! 10.5 8.1 7.9 8.5 I 11.1 8.7 8.8 8.9
Vy(cm/s) ' :
S4 7.5 6.8 7.5 7.6 I 9.4 9.1 9.0 9.7 I 11.2 11.3 13.4 134
S5 L 8.7 4.8 5.2 5.8 i 11.1 10.0 10.3 10.2 i 11.7 6.1 6.3 7.5
S6 7.3 6.4 9.9 10.2 | 13.6 11.3 10.6 11.2 | 15.3 14.8 10.2 12.2
s1 12 14 15 16 142 32 3.0 33 |55 34 3.8 4.7
S2 M 2.1 2.1 1.8 1.7 ! 9.7 6.9 6.1 53 ! 9.5 5.4 4.4 4.1
Vz(cm/s) S3 2.3 2.2 1.6 1.8 : 7.1 5.3 5.2 5.7 : 8.4 5.7 5.9 5.7
S4 3.3 2.5 2.7 28 .91 7.6 8.4 86 151 9.7 8.9 10.1
S5 L 2.8 1.7 1.5 1.8 ! 10.5 8.7 9.5 9.4 ! 11.7 8.2 8.4 8.6
S6 4.2 2.8 2.8 3.0 ! 18.9 11.6 11.3 12.8 ! 18.8 11.3 12.0 13.5

Table4.5 Average acceleration of vibration during walking, running and jumping

Walking ' Running ' Jumping

Subject Group Nude (UB—3)cm(UB—6)cm(UB—9)cmENude (UB-3)cm (UB-6)cm (UB—9)cmE Nude (UB-3)cm (UB-6)cm (UB-9)cm

s1 593 676 735 784 747 738  7L3 789 | 644 442 487 415

s2 M 711 655 631  67.2 [1556 1541 1442 1480 | 1486 1493  127.6  129.7

2 S3 1122 537 590 510 [1564 874 910 953 |161.8 699 675 588
Ax{em/s’)—c, 1171 851 943 981 [159.7 117.2 1348 1582 |190.8 1149 1121 1423
S5 L 1266 631 635 721 12184 1268 1209 1288 11713 845 628 891

s6 1209 665 2187 2006 !2460 207.8 1837 1873 |235.8 2962 2056  236.4

s1 2458 1951 1727 1667 11838 1236 1200 1420 |2342 1782 1855 1962

s2 M 2013 1316 1566 1526 :283.1 3304 2736  292.6 i411.z 285.8 2343 2625

2 S3 5134 2067 1914  149.6 [553.2 2447 2251 2543 17772 2493 2301  228.9
Aylem/sT)—c, 2952 3197 3677 3878 |257.0 2828 3221 4008 | 5026 5352 6569 6496
S5 L 5095 1833 2238 2619 |5104 3619 3454 3804 | 8325 2807 3189 3912

s6 3851 3766 699.8 7265 |7117 5552 4595 4635 [1099.7 10900 7788  906.5

st 594 636 700 773 11255 870 782 8.9 | 9%4 780 780 824

52 M 939 959 8.8 844 13637 2772 2276 2143 12792 1446 1125  117.9

2 S3 8.3 740 653 672 12381 1793 1777 1933 2140 1326 1216  120.0
Azem/s)—, 1163 957 997 1046 13180 2547 2549 2703 13881 2368 2485 2851
S5 L 90 585 601  69.1 :367.7 3077 3142  317.6 :268.0 2365 2508 2706

s6 1225 848  123.6 1330 ;5365 3232 3003 3469 ;3701 242.4 2407  295.1
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Table4.6 Two-way Factorial Analysis of amplitude, speed and acceleration during walking,

running and jumping

I o
Factor A: With and Without Brassiere Factor A:‘With Brassiere
Factor B: M group and L group Factor B:M group and L group
T T T T
Diection Exercise Factor Amplitude| Speed jAcceleration| Exercise Factor Amplitude| Speed |Acceleration
A e [ A I I
Walking ! ! Walking ! !
B *% | *% | * B *% | *% |
| | | |
. A i i : A i i
x (Lateral) Running . Running . .
B *k | %% ! *k B *k ! ok ! ¥k
| | | |
. A B . A i i
Jumping ' Jumping ' '
B ! ! * B ! !
, A i i , A i i
Walking I i Walking i I
B *% *% ' *% B *% H *x H *x
| | | |
o m A o s o
y (Sagittal) Running B e e | o Running B o s | o
| | | |
) A | i . A i i
Jumping B : . : . Jumping B : N : .
A b A b
Walking e b, . Walking o b,
b I b I
“  Running L Running L
ertica wodk k! ok e v ! s
(Vertical) Running B ! | unning B ! |
A * P s A I I
i | | i | |
Jumping B *% |k i *% Jumping B *% i *% i *%

Level of significance: (*:5% **:1%)

ZZT, oI OFER A, B &I OERK BIZ-> T, Fisher DL H L 21T
> 72,

RRBEICET 200 1 OfERE2%K 4.7, 4.8 L[ 4.13~4. 1512777, WTh
DEFICBNTEH, £ - Hitk - LR FROREETZHFEERLY 7 7ERT
INEL T2 BRICHBITREOER FINE Uy VTROES - ETFAFRICE W T
fERE 1% KHEOHERIRBMBIDERNRD i, L, KEMOHEEIX
TIHERFRMEL T ZERKMERTORRBO LI, B2 DT 7 O TIER TIX

BEMNAONR W, WEFA ADOZEIIHONTIE, £A - JitkDBIT - ETX
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Table4.7 Average amplitude without and with brassieres during walking, running and

jumping
Walking ! Running ! Jumping
Nude (UB-3)cm (UB-6)cm (UB—9)cm! Nude (UB-3)cm (UB-6)cm (UB—9)cm! Nude (UB-3)cm (UB-6)cm (UB-9)cm
Dx(cm)  Aveage 09 05 0.4 05 16 15 15 17 ;10 04 0.4 05
S.D. 0.4 0.1 0.1 02 ;04 0.5 0.5 06 | 04 0.2 0.2 0.2
Dy(cm) Aveage 2.0 1.7 1.5 1.6 | 2.9 2.7 2.7 2.6 | 2.2 1.9 21 21
S.D. 0.6 0.5 0.5 05 1 08 0.7 0.7 08 | 1.0 0.7 1.0 0.6
Dz(cm) Aveage 0.6 0.5 0.5 05 | 18 13 1.4 14 131 2.0 1.9 2.0
S.D. 0.3 0.2 0.2 02 ! 09 0.5 0.5 06 | 14 0.8 0.9 1.0

Table4.8 Average amplitude of each group without and with brassieres during walking,

running and jumping

Walking ! Running ! Jumping
Group M L ! M L ! M L
Aveage 0.4 07 1 12 20 | 05 0.6
Dx(cm) | I
S.D. 0.1 03 ; 01 01 ; 04 0.2
Dy(cm) Aveage 13 2.1 | 2.1 34 | 2.2 19
S.D. 0.2 03 | 01 01 | 03 0.1
Aveage 0.4 0.7 | 22 19 | 15 3.0
Dz(cm) '
S.D. 0.0 01 ! 03 01 ! 03 0.7

Table4.9 Average amplitude of each group with brassieres during walking, running and

jumping
Walking ! Running ! Jumping

Group M L ! M L ! M L
Dx(cm) Aveage 0.4 06 , 12 20 ; 03 0.5
S.D. 0.0 01 ; 01 01 ; 01 0.0
Dy(cm) Aveage 1.2 1.9 ! 21 3.3 | 21 2.0
S.D. 0.1 01 1 01 00 1 0.2 0.1
Aveage 0.3 05 | 21 20 | 13 2.7

Dz(cm) ' '
S.D. 0.1 00 | 02 01 | 00 0.1
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Level of significance: (*:<5% **:<1%)

Fig.4.13 Significance of amplitude in the lateral direction during walking, running and

jumping
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Sagittal Direction

Underbust Girth of Brassiere Group of Subjects
Walking
5.0 5.0
4.0 4.0
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= 30 3.0
g T |
& 20 J T - T 2.0 1
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1.0 = 1.0 L
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- _ I
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) I T
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0.0 0.0
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Level of significance: (*:<5% **:<1%)
Fig.4.14 Significance of amplitude in the sagittal direction during walking, running and

jumping
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Vertical Direction

Underbust Girth of Brassiere Group of Subjects
Walking
5.0 5.0
4.0 4.0
T 30 3.0
A
a 20 2.0 IL‘
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* %
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1
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T
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Level of significance: (*:<5% **:<1%)
Fig.4.15 Significance of amplitude in the vertical direction during walking, running and

jumping
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Walking Running Jumping
5.0 5.0 5.0
4.0 4.0 4.0
__ 30 3.0 &k 3.0
g
= 20 kx 2.0 = 2.0
[a)
1.0 1.0 = 1.0
0.0 [ 1] | l 0.0 0.0 [ [1
M L M L M L
5.0 5.0 5.0
%k %k
4.0 4.0 | | 4.0
* %
- 30 | | 3.0 3.0
5
"g. 2.0 T 2.0 = 2.0 -
1.0 = 1.0 1.0
0.0 0.0 0.0
M L M L M L
5.0 5.0 5.0
4.0 4.0 4.0 ¥
* %k
__ 30 3.0 3.0
g E
= 20 *x 2.0 _ 2.0
Q T
1.0 1.0 1.0
0.0 [ 1] | | 0.0 0.0
M L M L M L

Level of significance: (*:<5% **:<1%)
Fig.4.16 Significance of amplitude between M group and L group with brassieres during

walking, running and jumping
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Table4.10 Average speed without and with brassieres during walking, running and

jumping
Walking ! Running ! Jumping
Nude (UB-3)cm (UB-6)cm (UB- 9)cm Nude (UB-3)cm (UB-6)cm (UB- 9)cm Nude (UB-3)cm (UB-6)cm (UB-9)cm

Aveage 2.8 1.5 1.8 1.8 5.4 4.7 4.7 5.1 : 4.4 2.2 2.0 2.3

Vx(cm/s) i |
S.D. 1.2 0.2 0.7 07 |10 1.4 1.3 1.5 ;13 1.1 0.9 1.0
Aveage 6.8 5.1 5.7 58 | 97 8.9 8.6 9.2 123 9.0 8.8 9.5

Vy(cm/s) . .
S.D. 1.7 1.2 2.5 26 | 28 2.1 2.2 20 | 1.8 3.5 2.8 2.7
Aveage 2.7 2.1 2.0 21 | 9.9 7.2 7.2 75 1115 7.3 7.2 7.8

Vy(cm/s) ! !
S.D. 10 05 0.6 06 |50 29 3.0 34 148 30 3.1 3.6

Table4.11 Average speed of each group without and with brassieres during walking,

running and jumping

Walking ! Running ! Jumping

Group M L ! M L ! M L

Vx(cm/s) Aveage 1.5 2.5 I 4.0 6.0 | 1.8 2.7
S.D. 0.3 09 ; 04 03 ; 01 0.5
Vy(cm/s) Aveage 4.5 7.3 | 7.7 10.5 | 5.4 10.5
S.D. 0.9 09 | 03 06 | 11 1.6

. . I . . I . .
Vz(em/s) Aveage 1.5 2.5 8.7 11.1 5.5 11.4
S.D. 0.3 09 | 21 1.2 | 15 2.6
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Table4.12 Average speed of each group with brassieres during walking, running and

jumping
Walking ! Running ! Jumping

Group M L ! M L ! M L
Vx(cm/s) Aveage 1.3 2.1 | 3.8 5.9 | 1.8 2.4

S.D. 0.1 04 ; 02 03 ; 01 0.1

Vy(cm/s) Aveage 4.0 71 | 7.6 10.2 | 49 9.8

S.D. 0.2 1.0 | 03 02 | 0.2 0.5

. . I . . I . .
Vz(cm/s) Aveage 1.3 2.1 7.7 10.6 4.8 10.1

S.D. 0.1 04 | 04 05 | 01 0.6
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Fig.4.17 Significance of average speed in the lateral direction during walking, running

and jumping
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Sagittal Direction
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Level of significance: (*:<5% **:<1%)
Fig.4.18 Significance of average speed in the sagittal direction during walking, running

and jumping
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Fig.4.19 Significance of average speed in the vertical direction during walking, running

and jumping
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Fig.4.20 Significance of average speed between M group and L group with

during walking, running and jumping
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Table4.13 Average acceleration without and with brassieres during walking, running and

jumping

Walking ! Running ' Jumping

Nude (UB-3)cm (UB-6)cm (UB- 9)cm Nude (UB-3)cm (UB-6)cm (UB- 9)cm Nude (UB-3)cm (UB-6)cm (UB-9)cm
Aveage 101.2 66.9 95.4 94.6 168 5 127.8 124.3 132.7 162 1 126.5 104.1 116.3

Axem/s’) 0T 85 102 618 542 i59~5 485 399 404 i56.7 908 584 706
. Aveage 3584 2355 3020 3075 [4165 3164 2910 3223 |6429 4365 4008  439.1
AVEM/S) o h 1334 927 2090 2249 (2059 1433 1151 1161 [317.2 3422 2523 2826
 Aveage 947 788 842 893 13249 2382 2255 2384 12693 1785 1754 1952
Az(cm/s?) : '

S.D. 22.7 16.0 24.2 253 11382 89.7 87.5 94.2 1107.0 69.6 79.5 98.1

Table4.14 Average acceleration of each group without and with brassieres during walking,

running and jumping

Walking ! Running ! Jumping

Group M L ! M L ! M L

Ax(em/s) Aveage 685 110.5 | 1109  165.8 | 92.7 161.8
S.D. 8.4 260 | 122 286 | 220 29.9

,.  Aveage  207.0 394.7 | 252.2 4209 | 289.5 670.2
Aylem/s) g b, 760 723 | 597 507 | 1235 982
, Aveage 770 965 | 187.5 3260 | 1314  277.7
Azlem/s) g 2.4 128 | 376 551 | 438 471
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Table4.15 Average acceleration of each group with brassieres during walking, running

and jumping

Walking ! Running ! Jumping

Group M L ! M L ! M L

ax(em/s) Aveage  64.3 106.9 | 1049 1517 | 81.9 149.3
S.D. 18 306 | 2.6 59 | 56 20.0

, Aveage 1692 3941 | 2229  39.8 | 2279  623.1
Ay(em/sT) g 11.4 885 | 146 198 | 106 33.8
, Aveage  76.1 921 | 1692 2989 | 109.7  256.3
AZlem/s’) g g 1.9 115 | 106 114 | 76 24.0
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Level of significance: (*:<5% **:<1%)
Fig.4.21 Significance of average acceleration in the lateral direction during walking,

running and jumping
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Sagittal Direction

Underbust Girth of Brassiere Group of Subjects
Walking
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Fig.4.22 Significance of average acceleration in the sagittal direction during walking,

running and jumping
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< 6000 | 600.0
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=
& 400.0 | ] 400.0 -
| [ T i
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Jumping
1000.0 1000.0
__ 8000 | 800.0
Nm * %k
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£ 600.0 | | * ¥ 600.0 o
= 1
N
< 4000 | T 400.0
.
2000 || | ] | I 200.0 !
| | l |—I—|
0.0 0.0
Nude (UB-3)cm (UB-6)cm (UB-9)cm M L

Level of significance: (*:<5% **:<1%)
Fig.4.23 Significance of average acceleration in the vertical direction during walking,

running and jumping
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Walking Running Jumping
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<
+
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Level of significance: (*:<5% **:<1%)
Fig.4.24 Significance of average acceleration between M group and L group with

brassieres during walking, running and jumping
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4.3.3 AERBELEIAEV A ARVERERB EDOEEKR
F4.1613, 7IHEMEMHEEZ2ELE 7T 7 EMRMEOLERE, T2bbES -
AR - LR 5 m o KRR (Dx . Dy, Dz) « EHEHEE (Vx | Vy, Vz) » EEINEH

B (Ax | Ay, Az,) &, AEVA X, HFR N SABOMBEREEZELOLLO
THD,

Table4.16 Correlation coefficients between the amplitude, average speed and acceleration
of breast vibration and breast size, point N vibration in the nude and with brassieres

during walking, running and jumping

Without Brassiere : With Brassiere
Nude i (UB-3)cm (UB-6)cm (UB-9)cm
Bust Girth- I Bust Girth- Bust Girth- Bust Girth-
Motion Underbust Girth N Underbust Girth N Underbust Girth N Underbust Girth N
(mm) ' (mm) (mm) (mm)
Walking 0.951 ** 0.664 : 0.487 0.273 0.944 ** 0.517 0.893 * 0.546
Dx Running 0.767 0.137 | 0.677 0.121 0.698 0.390 0.695 0.597
Jumping -0.324 0.732 : 0.668 0.851 * 0.500 0.940 ** 0.172 0.846 *
"~ Walking 0814 * 0019 | 0865 * 0251 0732 0517 0924 ** 0528
Dy Running 0.965 ** 0.739 : 0.938 ** 0.531 0.940 ** 0.369 0.834 * 0.001
Jumping -0.673 0.686 :_ 0.073 0.722 0.230 0.850 * 0.234 0.775
Walking 0.829 * 0.550 | 0.895 * 0.707 0.593 0.800 0.864 * 0.853 *
Dz Running 0.766 0.361 : 0.908 * 0.285 0.978 * 0.330 0.964 ** 0.232
Jumping 0.919 ** 0.235 | 0.938 ** 0.486 0.914 * 0.308 0.852 * 0.353
Walking 0.970 ** 0.625 : 0.472 0.158 0.738 0.731 0.844 * 0.591
Vx  Running 0.950 ** 0.347 | 0.724 0.235 0.740 0.396 0.751 0.562
Jumping 0.230 0.050 : 0.654 0.971 ** 0.560 0.963 ** 0.517 0.946 **
© Walking 0745 0771 | 0818 * 0790 0846 * 0943 ** 0892 ¥ 0921 **
Vy Running 0.857 * 0.836 * : 0.792 0.766 0.813 * 0.751 0.805 0.735
Jumping 0.245 0.417 L 0.630 0.960 ** 0.386 0.785 0.601 0.924 **
Walking 0.933 ** 0.313 | 0.625 0.413 0.646 0.477 0.768 0.617
Vz  Running 0.785 0.394 : 0.899 * 0.334 0.967 ** 0.375 0.968 ** 0.277
Jumping 0911 * 0.340 | 0.964 ** 0.519 0.963 ** 0.361 0.928 ** 0.446
Walking 0.879 * 0.831 : 0.302 0.728 0.622 0.997 ** 0.646 0.984 **
Ax  Running 0.881 * 0.854 * | 0.641 0.948 ** 0.715 0.905 * 0.757 0.926 **
Jumping 0.872 * 0.752 : 0.604 0.977 ** 0.554 0.944 ** 0.709 0.973 **
© Waling 0451 0986 * 0707 0925 ** 0753 0998 ** 0797 0.990 **
Ay  Running 0.632 0.906 * : 0.792 0.932 ** 0.918 ** 0.946 ** 0.950 ** 0.930 **
___Jumping 0TS 0sss e o7y 0t 08 f 0951t 0855 0989
Walking 0.814 * 0.440 | 0.114 0.276 0.516 0.788 0.598 0.831 *
Az Running 0.792 0.399 : 0.800 0.489 0.889 * 0.454 0.949 ** 0.415
Jumping 0.809 0.753 | 0.974 ** 0.725 0.975 ** 0.720 0.983 ** 0.719

Level of significance: (*:<5% **:<1%)
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S1

Breast
Walking e Brassiere
Nude (UB-3)cm (UB-6)cm (UB-9)cm
5.5 4 55 4 5.5 55 4
Po 5.0 4 Pu 5.0 4 Po 5.0 PU 5.0 4
45 45 4 45 45 4
40 A 4.0 4 a0 40 4
35 4 35 4 35 35 4
_ 3.0 = 3.0 4 - 3.0 - 3.0 4
_§ 25 g, 25 4 _Er 25 _‘g, 25 4
20 20 4 20 20 4
15 15 4 15 1.5 4
1.0 1.0 4 1.0 1.0 4
05 05 4 05 05 4
-2.5-2.0-1.5-1.0 :3;;1;0‘0.5 1.0 1.5 2.0 25 3.0 3.5 —2.572,0—1.571.0:ﬂ;§ qn\a.s 1.0 1.5 2.0 2.5 3.0 35 —2.5—2.071.5—1.0;&§00 05 1.0 15 2.0 25 3.0 35 -25 1.0—].5—].0:&;; qn%,s 1.0 1.5 2.0 2.5 3.0 3.5
Dx(cm) Dxcm) Dxfcm) Dx{cm)
Running
55 - 55 55 4 5.5
PO 5.0 4 PO 5.0 PO 5.0 4 PO 5.0
45 4 45 45 4 4.5
4.0 4 4.0 4.0 4 40
35 35 4 35
= _ 3.0 = 3.0 _ 3.0
_g_ § 25 ‘§_ 25 4 g_ 25
20 20 4 20
15 15 4 L5
1.0 1.0 4 10
%) %
-25-2.0-15 —l.ﬂ:ﬂg 0j0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 -l.S-Z.I]-l.E-l.[I:Bigﬂﬂ 0.5 1.0 15 2.025 3.0 35 -Z.S-Z.()-l.s-l.o:ﬂ.:g 0j0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 -Z.S-l.O-LS-l.O:&gOO 0.5 1.0 1.5 2.0 25 3.0 3.5

Dx{em) Dx{cm) Dxfcm) Dxfcm)
Jumping
5.5 55 5.5 4 55
PO PO PO PO
5.0 5.0 5.0 4 5.0
45 45 4.5 45
4.0 4.0 4.0 4 4.0
35 3.5 4 3.5 35
= 3.0 — 3.0 - 30 . 3.0
g, 25 .g, 25 .§, 25 .g. 25
2.0 20 2.0 20
L5 15 4 15 4 15
0 1.0 1.0 1.0
0. 05 05 05
-2.5-2.0-1.5-1.08.3 00 0.5 1.0 1.5 2.0 2.5 3.0 3.5 -2.5-2.0-1.5-1.0-§.5 00 0.5 1.0 1.5 2.0 2.5 3.0 3.5 -2.5-2.0-1.5-1.0-§.50/0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 -2.5-2.0-1.5-1.0-§.3 00 0.5 1.0 1.5 2.0 2.5 3.0 3.5
Dx(cm) Dx{cm) Dx(em) Dx(em)
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52

Walking
Nude
55—
5.0 4
45 4
40 4
35 4
3.0 4

PO

25 4

Dz(cm)

2.0 4
15 4
1.0 4
0.5 4

(UB-3)cm
5.5
PO
5.0
4.5
4.0
35
30
25
20
L5

Dz{cm)

10
0.5

PO

Dz(cm)

(UB-6)cm
55 1
5.0 4
45
40 4
35 4
3.0 4
25 4
20 4
15 4
1.0
05 A

Breast
Brassiere

(UB-9)cm
5.5
PO
5.0
45
4.0
35
3.0
25
20
15

Dz(cm)

1.0
05

-2.5 -ZAD-l.S-l.O-VB.g I#O.S 101520253035

-2,5-270-1‘5-1.0-_&5@0,5 1.0 1.5 2.0 25 3.0 3.5

-2.5-2.0-1.5-1.0:4.5 0j0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

i
-2.5-2.0-1.5-1.0-8.5 0/0 0.5 1.0 1.5 2.0 2.5 3.0 35

Dxfcm) Dx{cm) Dx(cm) Dx{em)
Running
55 5:5- 55 4 5.5 4
PO 5.0 PO 5.0 PO 5.0 4 PO 5.0 4
as 45 a5 45
40 40 4.0 4.0
35 3.5 35 3.5 4
= 3.0 = 3.0 - 3.0 = 3.0
:i 25 _§ 25 .§ 25 4 §, 25
20 20 2.0 2.0 4
15 L5 15 4 15 4
1. 0 0 1.0 4
-25-2.0-1.5-1.0.4.3 0/0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 -25-2.0-1.5-1.0-4.50]0 0.5 1.0 1.5 2.0 25 3.0 3.5 -2.5-2.0-15-1.04.5 00 05 1.0 1.5 2.0 2.5 3.0 3.5 -2.5-2.0-1.5-1.0.8.3 00 0.5 1.0 1.5 2.0 2.5 3.0 3.5|

Dxfem) Dx{cm) Dx{em) Dxfcm)
Jumping
55 5.5 4 5.5 5.5 1
PO PO PO PO
5.0 5.0 q 5.0 5.0 4
45 45 4 4.5 45 4
a0 4.0 - 4.0 4.0 1
35 35 4 35 3.5 4
— 3.0 — 3.0 4 — 3.0 = 3.0 4
*:':‘ 25 15' 25 - ‘S‘ 25 ‘E’ 25 4
20 20 4 20 2.0 4
15 15 4 15 15 4
1.0 10 -j 1.0 1
L3 05 4 0.5 0.5\1
25-2.0-15-10:45 0J0 0.5 1.0 15 2.0 2.5 3.0 3.5 2.5-2.0-15-104,5 00 0.5 1.0 1.5 2.0 25 3.0 3.5 -25-2.0-15-1.0:45 0J0 0.5 1.0 15 2.0 2.5 3.0 3.5 -2.5-2.0-15-1.0-4.50/0 05 1.0 1.5 2.0 25 3.0 35

Dx{em)

Dx(em)

Dx(em)

Dx{em)
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S3

Breast
Walking e Brassiere
Nude (UB-3)cm (UB-6)cm (UB-9)cm
55 55 55 55
PO 5o PO so PO 5o PO 50
45 a5 45 45
4.0 a0 2.0 4.0
35 35 35 35
_ 30 _ 3.0 _ 3.0 _ 3.0
LET 25 ET 25 LET 25 g 25
20 2.0 20 20
15 15 15 15
10 10 10 1.0
0.5 0.5 0.5 05
-2.5-2.0-1.5 0~B. ~Z,5-Z.ﬂ-1.5-1.0-_ﬂ.:§ ojo »ZA5-2.0-1.5-1.D~_B.:§ 0/0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 -2.5-2.0 -lAS-LEI:B:gﬂﬂ
Dx(cm) Dx(em) Dx(em)
Running
5.5 5.5 4 55 4 55
PO 5.0 PO 5.0 4 PO 5.0 4 PO 5.0
4.5 45 4 45 4 4.5
4.0 4.0 4 4.0 4 4.0
35 35 4 3.5 4 3.5
= 30 " 3.0 4 = 3.0 4 " 3.0
E 25 iE‘r 25 4 §r 25 4 _§_ 25
e 20 e 20 e 20 ° 20
15 15 4 1.5 4 15
1.0 1.0 4 1.0 4 %ﬁ
s X 4 &/
-z.s-z.o-x.s-:.oﬂ,:g ofo 05 1.0 15 2.0 25 3.0 3.5 25 -2.0-1.5-1.0:3_} 0j0 05 10 1.5 2.0 25 3.0 35 -2.5-2.0-1.5-1.0-3;0_ 005 1.0 15 2.0 2.5 3.0 3.5 -25-2.0-1.5-10-4;3 0/0 0.5 1.0 1.5 2.0 2.5 3.0 35

Dxcm) Dx(cm) Dx[em) Dx{cm)
Jumping
PO 5.5 PO 5.5 PO 5.5 PO 5.5
5.0 5.0 5.0 5.0
4.5 4.5 45 4.5
4.0 4.0 4.0 4.0
35 35 35 25
- 3.0 = 3.0 - 3.0 - 3.0
E E E E
.é_ 2.5 .é, 25 'r;r 25 E’ 25
0 2.0 20 2.0
5 15 15 15 1
1 10 1.0 L0
0.5 0.5 05 0.5
-2.5-2.0-1.5-1.0.4.5 00 0.5 1.0 1.5 2.0 2.5 3.0 3.5 -2.5-2.0-1.5-1.0-4.3 00 0.5 1.0 1.5 2.0 2.5 3.0 3.5 -2.5-2.0-1.5-1.0-4.3 00 0.5 1.0 1.5 2.0 2.5 3.0 3.5 -2.5-2.0-15-1.043 OJO 05 1.0 1.5 2.0 2.5 3.0 3.5
Dx(cm) Dx(cm) Dx(em) Dx(cm)
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sS4

Walking
Nude
5.5

PO
5.0
4.5
40
3.5
3.0
25
20
15

Dz{em)

10
0.5

PO

Dz{em)

Breast

***** Brassiere
(UB-9)cm

55

PO 5.0

45

4.0

35

3.0

25

Dz{em)

20
15
10

0.5 %

-2.5-2.0-15-1.0-4.5 0/070.5 1.0 1.5 2.0 2.5 3.0 3.5

-2.5-2.0-1.5-1.0 :ag 0]

(UB-3)cm (UB-6)cm
55 55
5.0 PO 5.0
45 45
4.0 4.0
35 3.5
3.0 = 3.0
25 §r 25
2.0 2.0
15 15
10 10
05 I 05 m
- 2
90.5 1.0 15 20 25 3.0 35 -2.5-2.0-1.5-1.0:&;0‘ ;5 1.0 15 2.0 25 3.0 35

-2.5-2.0-15 -1.0:8.;0‘) 0510 15 20 2.5 3.0 3.5

Dx(fem) Dx(cm) Dx(em) Dx{em)
Running
PO 55 PO 55 PO 55 PO 55
5.0 5.0 5.0 5.0
as as a5 a5
a0 a0 a0 a.0
35 35 35 35
- 3.0 _ 3.0 _ 3.0 __ 3.0
E E E E
E_ 25 .é_ 25 ﬁ' 25 ,é_ 25
2.0 2.0 2.0 2.0
15 15 15
1.0 N L0 1.0
0 =30.5

=
—2.5—2.0—1.5—1.0;8,§00 05 1.0 152025 3.0 35

-2.5-2.0-1.5-1.0 :Sg 0

0 0.5 1.0 1.5 2.0 2.5 3.0 35

-Z.Svl.ﬂ-l.S-l.ﬂ:B.gﬂ() 0.5 1.0 1.5 2.0 25 3.0 3.5

-2.5-2.0-1.5 -l.ﬂ:B.gﬂlJ 0.5 1.0 1.5 2.0 2.5 3.0 3.5

Dx(em) Dx(cm) Dx{cm) Dx(em)
Jumping
55 - 5.5 55 55
PO 5.0 4 PO 5.0 PO 5.0 Po 5.0
45 4 4.5 4.5 45
4 4.0 4.0 4.0
4 35 35
_ ] _ 3.0 - 3.0 -
-g- 1 .§. 2 _g_ 5 _g_
e 2. 2,
4 1.5 1=
1 10 1.0
1 0.5 0.5
a
-2.5 -l.O-l.S-l,ﬂ:ﬂig 0j0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 -2.5-1.0-1.5-1.0:8:§00 051015 20253035 -2.5v2.0-1‘5-1.0:a:§00 0.51.015 20253035 -2.5-2.0-1.5-1.0:&;00 051.01520253.035

Dx{em)

Dx{em)

Dx{cm)

Dx(cm)
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S5

Breast
Walking e Brassiere
Nude (UB-3)cm (UB-6)cm (UB-9)cm
5.5 55 5.5 55 4
Po 5.0 Po 5.0 Po 5.0 PD 5.0 4
45 45 a5 a5 |
4.0 40 40 4.0 4
35 35 35 35 4
- 3.0 - 3.0 - 3.0 - 3.0 4
.E. 25 § 25 § 25 g, 25
2.0 20 20 20
15 15 15 15 4
1.0 10 10 10 4
0, 05 05 05
S o .
-25 »Ln-l.i-l.ﬂ:ﬂ,_g 0j0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 —2.51.0—1.5—1.0:&%00\‘.5 1.0 1.5 2.0 2.5 3.0 3.5 —2.5—2.0—1..5—1.0:&§00 0.5 1.0 1.5 2.0 2.5 3.0 3.5 —1,5—2.0—1.5—1.0:3._§Q0 .5 1.0 1.5 2.0 2.5 3.0 3.5

Dxfem) Dx(cm) Dxfem) Dx{cm)
Running
5.5 0 55 0 55 55
PO 5.0 P 5.0 P 5.0 PO 5.0
4.5 45 4.5 45
4.0 4.0 4.0 4.0
3.5 35 35 35
_ 3.0 - 3.0 _ 3.0 _ 3.0
E
§ 25 _=§_ 2.5 _g_ 25 _g_ 25
2.0 20
5 g ;
/
1) i
. if
1 o o Md 7 7"
-25-2.0-1.5-1.0.4.5 0/0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 -1.5-2,0-1.5-1.03:§oo 0.5 1.0 1.5 2.0 2.5 3.0 3.5 -2‘5-2.0-1.5-1.0:&%00 0.5 1.0 1.5 2.0 2.5 3.0 3.5 -1.5-1.0-1.5-].,0;3@00 0.5 1.0 1.5 2.0 2.5 3.0 3.5

Dx(cm) Dx{cm) Dx(em) Dx{em)

Jumping

55 55 55 55

PO PO PO PO

5.0 5.0 5.0 5.0

45 4.5 4.5 45

4.0 4.0 4.0 4.0

35 3.5 3.5 35
. 30 _ 3.0 __ 30 . 3.0
E E E E
E 25 .E. 25 E 25 .E 25

2.0 4 2.0 20 2.0

15 4 L5 L5 15

1.0 Lo 10 1.0

05 0.5 0.5 05
-2.5-2.0-1.5-1.04:5 0/0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 -2.5-2.0-15-1.0-4:5 0/0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 -2.5-2.0-15-1.045 00 0.5 1.0 1.5 2.0 2.5 3.0 3.5 -2.5-2.0-1.5-1.0-g5 0J0 0.5 1.0 1.5 2.0 25 3.0 3.5

Dx(cm)

Dx{cm)

Dx{cm)

Dx{cm)
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S6

15

Breast
Walking e Brassiere
Nude (UB-3)cm (UB-6)cm (UB-9)cm
5.5 5.5 55 55
PO 5.0 PO 50 Po 50 PO 50
45 45 45 45
4.0 40 40 40
35 35 35 35
= 3.0 _ 3.0 _ 30 _ 3.0
_§_ 25 é, 25 _g__ 25 .‘:’ 25
2 20 e 20 e 20 = 20
L5 15 15 15
1.0 1.0 10
L:, 05 0523
.2‘.5-2‘,0-1'.5-1'.0-_6:@0% I].‘E liﬂ l:E Zil) 2.5 3:0 315 -25-2.[)-1,5-1.0:&300 0.5 1.0 15 2.0 25 3.0 3.5 J.S-Z.ﬂ-l.S-l.ﬂ-_'églJD 0510152025 3035 -Z.S-I.D-l.Svl.ﬂ:B:gOU 05 101520253035
Dx(em) Dx(em) Dx{cm) Dx(em)
Running
5.5 55 5.5 55 4
PO 5.0 PO 5.0 PO 5.0 PO 5.0 4
45 45 4.5 45 4
4.0 4.0 4.0 1
35 35 35 1
- . 3.0 _ 30 = 3.0
g EE" 25 ‘E,E" 25 g, 25 A
20 L

-Z.S-Z.D-I.S-l.ﬂ:a.gﬂﬂ 0.5 1.0 1.5 2.0 2.5 3.0 3.5 rZ.S—Z.O—LS—l.ﬂ;&iO

0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 —2,52.0—1.5—1.0:3; 0j0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 —2.5—2.0—1.571,03.5 0j0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

Dx(cm)

Dx{cm)

Dx(cm) Dx{cm) Dx{em) Dx{cm)
Jumping
55 0 55 - 55 55
PO 5.0 P 5.0 4 PO 5.0 PO 5.0
a5 45 4 45 a5
4.0 4.0 4 4.0 4.0
3.5 3.5 4 35 35
- 3.0 - 3.0 4 - 30 - 3.0
A 3 E
§ 25 .g_ 25 4 .§_ 25 Er 25
2.0 2.0 4 2.0 20
1.5 15 4 15 15
10 1.0 4 1.0 1.0
0.5 L 0.5 4 05 05
25-2.0-15-1.0450/070.5 1.0 1.5 2.0 2.5 3.0 3.5 -25-2.0-1.5-1.0:4:5 00 0.5 1.0 1.5 2.0 25 3.0 3.5 -2.5-2.0-1.5-1.0-§50/0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 -2.5-2.0-15-1.0-4.5 0/0°0.5 1.0 1.5 2.0 25 3.0 35

Dx{em)

Dx(em)

Fig.5.1 Comparison between vibration locus of Point PO and PO’ during walking, running

and jumping on the x-z plane
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S1

Breast
Walking e Brassiere
Nude (UB-3)cm (UB-6)cm (UB-9)cm
5.5 5.5 554 55
PO 5.0 PO 5.0 PO 5.0 4 PO 5.0
45 45 45 4 45
4.0 4.0 4.0 4 4.0
35 35 354 35
= 30 _ 30 _ 30 4 _ 30
_g_ 25 _g_ 25 g_ 25 4 gl, 25
20 20 2.0 4 20
15 15 15 4 15
10 10 1.0 4 10
05 05 05 4 05
sl o, L
72.572.0—1.571.0£:§ 0/0 05 1.0 1.5 2.0 25 3.035 —2.5'2.0—1571.0:&? 0j0 0.5 1.0 1.5 2.0 25 3.0 35 —2.572.0—15—1.IJ£._§D’H 051015 20253035 -25-20-15 rl.Dﬁgﬂb 0.5 1.0 15 2.0 25 3.0 3.5
Dyfem) Dy(cm) Dylem) Dy(em)
Running
55 55 55 55
PO 50 PO 5.0 PO 5.0 4 PO 5.0
45 45 45 4 4.5
4.0 4.0 4.0 4.0
35 35 35 35
- 3.0 o 30 = 3.0 - 3.0
g. 25 gi, 25 .g. 25 4 gi, 25
20 20 2.0 4 20
15 15 15 4 15
1.0 1.0 10

4 D

-25-2.0-15 71.0;&500 0.5 1.0 15 2.0 25 3.0 3.5

g

-25-2.0-1.5-1.0:430/0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

N 1 A

-2.5-2.0-1.5-1.0:4.5 0/0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

-25-2.0-1.5-1.0:4.30/0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

Dy(em) Dy(cm) Dylem) Dy(em)
Jumping
55 55 4 55 55
PO 50 Po 50 1 PO 50 PO 50
a5 45 4 45 as
4.0 4 4.0 4 4.0 4.0
35 35 4 35 35
- 30 _ 30 4 _ 30 _ 30
.5 25 E 25 4 é 25 é 25
e 20 e 20 4 2 20 8 20
15 15 15 15 ;
1.0 1.0 4 1.0 1.0
05 05 4 0.5 0.5

-2.5~Z.ﬂ-1.5-1.0£.§0ﬂ 05 1.0 1.5 2.0 25 3.0 3.5 4.0 4.5 -2.

Dy(em)

2.0-1.5-1.0.§.5 00 0.5 1.0 1.5 2.0 2.5 3.0 3.5

Dyfem)

-2.5-2.0-1.5-1.04.3 0{0 0.5 1.0 1.5 2.0 2.5 3.0 35
Dy(cm)

2.5-2.0-15-1.0-50/0 0.5 1.0 1.5 2.0 2.5 3.0 35
Dy(cm)
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52

Walking
Nude (UB-3)cm
55 4 5.5
PO PO PO
5.0 4 5.0
45 a5
40 a0
35 4 35
~ 30 4 _ 3.0 =
%E' 251 ‘ET 25 :i
2.0 4 2.0
15 4 15
1.0 4 1.0
05 4 05
- A ..
72.5'2.0—1.571.Df8._§ 0j0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 AZ.SAZ.OALSALB:H:EO

0 0.5 1.0 1.5 § 3035 —Z.SVZ.UVI.SVI.B:H.E 00 0.5 1.0 1.5 2.0 2.5 3.0 3.5

(UB-6)cm

55
5.0
45
4.0
35
3.0
25
20
15

10

05

Breast

***** Brassiere
(UB-9)cm

55 4

PO

5.0 4
45 -
4.0 A
35 4
3.0 -
2.5 4

Dz(em)

2.0 4

-2 1.5 2025 3.0 35

Dy(cm) Dy{cm) Dyfecm)
Running
5.5 4 0 5.5 55 0 55 4
PO 5.0 P 5.0 Po 5.0 P 5.0 4
4.5 45 45 4.5 4
4.0 1 4.0 4.0 4.0 4
3.5 1 35 35 3.5 1
. 3.0 4 = 3.0 _ 3.0 = 3.0 4
§, 25 4 ,E, 25 _g_ 25 ,E_ 2.5 4
2.0 2.0 2.0 4
15 15 15 4
1.0 3‘ 1.0 4
°' os ¢
aplle==7 ,.,.f- &
R H =7 T =651 =
25-20-15-1.0:450/0 0.5 1.0 15 2.0 25 3.0 3.5 -25-2.0-15-1.0.4.5 0/0 0.5 1.0 1.5 2.0 25 3.0 3.5 2.5 ,1.071.571.01,5;]0 051015 2.0 25 3.0 3.5 25-2.0-1.5-1.0.450/0 0.5 10 15 2.0 25 3.0 3.5

Dy{cm) Dy{cm) Dy(em) Dyfem)
Jumping
P 5.5 P 55 p 55 4 P 55
0 5.0 0 5.0 0 5.0 4 0 5.0
a5 as 45 45
20 40 4.0 1.0
35 35 35 A 35
_ 3.0 _ 3.0 _ 3.0 _ 3.0
E 25 E:. 25 .E 25 .E 25
e 20 e 20 e 20 4 e 20
15 15 154 15
10 1.0 1.0 4 1.0
0.5 05 0.5 4 gs 0.5
2.5-2.0-15-1.0450/0 0.5 1.0 15 2.0 2.5 3.0 3.5 -2.5-2.0-1.5-1.0-4,5 00 0.5 10 1.5 2.0 2.5 3.0 3.5 -2.5-2.0-15-1.0450/0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 -2.5-2.0-1.5-1.0-4,5 00 05 1.0 1.5 2.0 2.5 3.0 3.5

Dy{cm)

Dy{cm)

Dy{cm)

Dy(em)
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S3

Breast
Walking T Brassiere
Nude (UB-3)cm (UB-6)cm (UB-9)cm
5.5 5.5 1 55 5.5
PO PO PO PO
5.0 5.0 4 5.0 4 5.0
45 45 45 - a5
4.0 4.0 4 4.0 4 4.0
35 35 4 35 4 35
_ 3.0 . 3.0 " 3.0 - _ 3.0
g 25 .g, 25 4 g, 25 4 g 25
2.0 2.0 2.0 4 2.0
15 15 4 15 4 15
10 10 1.0 4 10
0.5 0.5 05 1 0.5
72,571,07L5,1.u;3:§ao 0.571.0 1.5 2.0 25 3.0 3.5 -2.5-2.0-15 l.D:&_gl) 051015 20253035 —I.S—ZAﬂrl.Erl.Dﬂtg 0/0 05 1.0 1.5 2.0 2.5 3.0 3.5 —Z.S—Z,(LLS—LII;H:EQ 0.5 1.0 1.5 2.0 25 3.0 3.5
Dy(cm) Dy{em) Dy{cm) Dy(cm)
Running
5.5 55 4 55 4 5.5
i 5.0 Po 50 4 PO 50 4 PO 5.0
4.5 45 45 45
40 4.0 1 4.0 - 40
35 35 4 35 1 35
_ 3.0 _ 3.0 A - 3.0 _ 3.0
E’ 25 f’ 25 § 25 E' 25
20 2.0 4 20 20
L5 15 4 15 4 15
0 1.0 10 1.0,
0.5 ugf ’ n%?ﬁ é‘%
A — o H ¥ .
-25-2.0-15-10-45 00 05 1.0 1.5 2.0 25 3.0 3.5 -25-2.0-15-10:45 0/0 0.5 10 1.5 2.0 25 3.0 3.5 -2.5-2.0-1.5-1.0:4,5 00 0.5 1.0 1.5 2.0 25 3.0 3.5 -2.5-2.0-15-1.0:450/0 05 1.0 1.5 2.0 25 3.0 35

Dy{em) Dy(cm) Dy(cm) Dylem)
Jumping
55 po 55 4 PO 55 4 Po 55
PO 5.0 5.0 5.0 1 5.0
45 45 4 45 as
4.0 4.0 4.0 4.0
3.5 35 35 35
. 3.0 = 3.0 4 - 3.0 4 — 3.0
.g 25 g_ 25 4 .§ 25 .g, 25
2.0 20 4 20 20
15 15 4 ; 15 4 ; 15 ~
1.0 1.0 4 - 1.0 oo 1.0 ~
0.5 05 A 05 2 05 %
2.5-2.0-15-1.0-450/0 0.5 1.0 15 2.0 2.5 3.0 3.5 -2.5-2.0-15-1.0-4.5 0/0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 -2.5-2.0-15-1.0-4.5 0/0 0.5 1.0 15 2.0 2.5 3.0 35 -2.5-2.0-15-1.0:4.5 0/0 0.5 1.0 1.5 2.0 2.5 3.0 35

Dy(cm)

Dy(cm)

Dy(cm)

Dy{cm)
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sS4

Walking
Nude
55—
5.0 4
45 4
40 4
35 4
3.0 4

PO

25 4

Dz(cm)

2.0 4
15 4
1.0 4
0.5 4

PO

Dz{cm)

(UB-3)cm (UB-
5.5 55 4
5.0 PO 5.0 4
as as
40 4.0
35 35
3.0 = 30
25 £ 25
20 e 20
15 15 4
1.0 1.0
0.5 . 05 A

- el
-2.5-2.0-1.5-1.0:3.?4_0 0510152025 3.035

-2,5-2,0-1‘5-1‘0;&{@0’;5 1.0 1.5 2.0 25 3.0 35 -25-2.0-1. % 0

6)cm

PO

Dz{cm)

Breast
***** Brassiere
(UB-9)cm
55
5.0
45
4.0
3.5
3.0
2.5
2.0
15
1.0
0.5

Dy{cm) lIM

0 0.51.0 15 2.0 25 3.0 35 -2.5-10-15-1.0-_&%0 05 1.0 1.5 2.0 2.5 3.0 3.5

Dylem) [cm) Dy(em)
Running
55 4 5.5 5.5 5.5
PO 5.0 4 L 5.0 PO 5.0 PO 5.0
45 4.5 4.5 4.5
4.0 4 4.0 4.0 4.0
35 4 3.5 35 35
= 3.0 4 = 3.0 = 3.0 e 3.0
,‘NEJ, 25 4 ,'E, 25 .'NE-', 25 ,E, 25
e a 2.0 a 2.0 e

-2.5-1.0-1.5-1.0:3.; 00 0.5 1.0 1.5 2.0 2.5 3.0 3.5

—2.572.071.571.0:3.3 0]

005 10152025 3.035 —2.572.0—1.57].0:3.§ 0

0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

— 80
—2.5—2.04.5—1&;9.;00 0.5 1.0 1.5 2.0 2.5 3.0 3.5

Dy(cm) Dy(cm) Dy(cm) Dy{cm)
Jumping
o 55 - 0 55 0 55 - o 55
P 5.0 4 P 5.0 P 5.0 P 5.0
a5 o as 45 as
4.0 a0 4.0 o a0
35 4 35 35 4 35
= 3.0 4 _ 3.0 = 3.0 4 - 30
€ £ E €
:“é' 25 E_ 25 ﬁ' 25 o g_ 25
2.0 4 2.0 2.0 4 2.0
15 4 15 15 4
10 4 1.0 1.0 4 1.0°
05 05 05 0.5
-2.5-2.0-15-1.0450/0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 -2.5-2.0-1.5-1.0:4.5 0/0 05 1.0 1.5 2.0 2.5 3.0 3.5 -2.5-2.0-15-10:4.5 00 05 1.0 1.5 2.0 2.5 3.0 3.5 -2.5-2.0-15-1.045 00 0.5 1.0 1.5 2.0 2.5 3.0 3.5

Dylem)

Dy(cm) Dy{cm)

Dy(cm)
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S5

Breast
Walking e Brassiere
Nude (UB-3)cm (UB-6)cm (UB-9)cm
5.5 PO 5.5 PO 55 4 PO 55
Po 5.0 5.0 5.0 q 5.0
45 45 45 45
a0 a0 4.0 - 4.0
35 35 35 | 35
_ 3.0 _ 3.0 = 3.0 _ 3.0
.§ 25 .§ 25 ,57 25 - E 25
e 20 e 20 ° 20 4 ° 20
15 15 15 4 15
10 10 1.0 4 10
0.5 0.5 05 4 05
=25 -1“-1.5-1.0:3.; 0j0 05 1.0 1.5 2.0 2.5 3.0 35 72572.0—1,571.0:5._; 0f0*0’5 1.0 1.5 2.0 2.5 3.0 3.5 -2.5-2.0-1.5-1 D%g 0j0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 —2.5—2.0—]5—1AI];B:§6 0 1.5 2025 3, .5
Dy{cm) Dy(cm) Dylcm) Dy{cm)
Running
PO 5.5 PO 55 PO 55 4 PO 55 4
5.0 5.0 5.0 - 5.0 4
as 4.5 45 - 45 4
4.0 4.0 4.0 4 4.0 4
35 35 35 4 35 4
= 3.0 - 3.0 - 3.0 - 3.0
E E E E
:ﬂ; 25 ﬁ' 25 i 25 4 ,é, 25 4
2 2.0
15 P
0.5
oA 6.
-2.5 l.ﬂJ.S—l.O—_&g 0J0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 -2.5-1.0-1.5-1.0:&§00 051015 20253035 -25 -2.04.5-1.0:&; 0j0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 -2.5 -2.0-1.5-1.0-_19._ 0j0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
Dyfem) Dylcm) Dylcm) Dylem)
Jumping
P 55 P 55 P 55 4 P 55
D 5.0 D 5.0 0 5.0 q u 5.0
45 45 45 4 45
40 40 40 4 40
3 35 35 - 35
o 3. = 3.0 o 30 = 30
£ £ £ E
.é_ 25 .g‘ 25 _é, 25 4 _E, 25
20 20 2.0 4 I; 20
15 15 4 ) 15
1.0 1.0 4 1.0
05 05 4 05

2520151045 0/0 05 10 1.5 2.0 25 3.0 35 -25-2.0-15-1.045 0

Dy(em)

Dy(em)

0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 -2.5-2.0-15-1.0.4.3 00 0.5 1.0 1.5 2.0 2.5 3.0 3.5

Dy(cm)

25-2.0-15 rl.o&gﬁ 1.0 15 2.0 25 3.0 35
Dy(cm)
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S6
Breast
Walking T Brassiere
Nude (UB-3)cm (UB-6)cm (UB-9)cm
po 55 PO 55 - PO 55 PO 55
5.0 5.0 5.0 5.0
45 45 4 45 a5
4.0 4.0 4.0 4 4.0
35 35 4 35 35
- 3.0 - 3.0 _ 30 - 3.0
;E. 25 4 §, 25 4 .g_ 25 4 E 25
2 2.0 4 20 | s 20 | e 20
15 4 15 4 15 4 15
104 1.0 4 1.0 4 10
0. }?& 05 | 05 05
-2.5-2.0-1.5-1.0:3.; 0j0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 -2.5-2.0 -1A5~1.0:&§ 0j0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 -25—2.0~1.5~1.0-_-&§DB ﬂ.g 1.0 15 2.0 25 3.0 35 -2.5v2.0-l.5-1.ﬂtﬂ.§ﬂﬂ 05 1.0 15 2.0 2.5 3.0 3.5/
Dy(em) Dy{cm) Dy(em) Dy{cm)
Running
55 po 55 55
PO 5.0 5.0 PO 50
45 4 45 45
4.0 2.0 40
35 35 35
_ 3.0 _ 3.0 _ _ 3.0
g 4 z e g g 2
(=] a a (=]
15 4
1.0 4 h
05 :
\
—r—— &8 2 G0 a0
.2.5-2.0-1.5-1.n:ﬂ.§ 0j0 0.5 1.0 1.5 2.0 2.5 3.0 35 —Z.S—l.O—LSJ.ﬂ:&g 0/0 05 1.0 1520 25 3.035 -Z.S-Z.O-I.S-LH:B.EOO 0.5 1.0 15 2.0 25 3.0 35 -25 72.0—1.5—1.07_9300 0.5 1.0 1.5 2.0 2.5 3.0 3.5/
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Fig.5.2 Comparison between vibration locus of Point PO and PO’ during walking, running

and jumping on the y-z plane
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