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Research on Clothing Pressure Using the Modified Laplaces Law

HOU Qinhua, CHEN Yu"~
( School of Textiles and Fashion,Shanghai University of Engineering Sciences , Shanghai 201620, China)

Abstract:In order to predict the lateral pressure distribution of the pressure cuff more accurately, an elliptical cylinder
model of the arm was established. Based on the model, the Laplace formula was modified, and the accuracy of the predic-
tion of the modified formula was tested by experimental verification. Three elastic fabrics were selected to measure their
elastic modulus and thickness of fabrics. The three-dimensional size of human arm were measured by three-dimensional
scanner. 12 pressure sleeves were sewed by setting different compression coefficients. The actual cuff pressure values were
obtained by pressure measurement experiments, and the measured values were compared with the predicted values. It was
found that the modified Laplace formula can accurately predict the pressure at different curvature of the arm. The formula

provides a reference for the accurate design of pressure cuff.

Key words : Laplace formula, pressure cuff, pressure prediction, stress therapy

FE TIPS 75, SR ad X A A A S
T JINSE 225 B4 s g, AT 577 st ol B SRR 4% A | B
TR S A e Bl 1 R o R R A R e T
AL, I AR RIS B R

LRI, AR e 70 A1 AT 5 05 12 2 4 455 BB 19
W BRI s R B0k Lk Ko
BETF P4 23 I TR ) B B IOk 2
IPikZz— o BT SR T DL A R 3
T 5K T AR I 5B ) 2 [ DG & B9, CHENG ]
C Y S e B AR PR 5 A RSt AT ok 2 2 A

s HEA.2021 - 11 -08;
E&WH: LETHE
PEE B AT R AE (1996—) , 2 WL WFF L

f&iTHH5.2022 -03 - 10,

B, TR A ST 44 R T AR 450K
MR R RN R AR L, E8 A5 AR A
FEMRABEN RS N TR B R B
GUPEHEAT BV 3T I AN T4 1 45 b I i A 482
AT, LEUNG W Y 281 YERFFE i 2% 18 1 i k)
(i AR SR AR I B TOMAS S 251 IS 1K 190
WFHE T 904 J2 505 A J5 98 BE B 52 1) 5 SIKKA
M P 2 AR BESE 22 2905 TR 7 i 4 A A A 3% 4
JA; BARHOUMI H 25" 3 17 23 U8 1E , 15
)56 T R PEAR B JEERE AR | B A R A S R

PR R T U (TP2017074) 5 6F58 A BHIFRIETIH (20KY0916) .

« BIEEE Bk AR(1977—) 5, U, W AR 0l 2 BERTSE 05 1l N T REAE MR BE T B A T = 2 A M 45

Email :09180001 @ sues. edu. cn



%5 H

a5 AT LB ENX W IREE ) 247 - 409 -

BN P = 2TEEC TR BT T g
HLEL AT, LTI 00 R SR B —
L5 38 0 A

SR 1, I B L 45 95009
39 " AR ), T A 0T AR B
WAIBTE . S L, T 8 £/, B
N N SRS SN |
FAEBAL , U5 R A RS BT 75 TR 1 1%
Ko SO BE TR G, T T B 4
BIVE, A6 B AERY 12 T A SR T8 I, I i
FESCSRE RS TE AR AT

1 ERES

1.1 FEERET

H T T A AT S T (R SR T
ol AT B R G (B A, AR & 1 iR, fh A
L ATLUE Y, DL AT o0 O Rl , TRk
Sk Bl DU A [ > K A R R o A eR AR
FREMoTIE 2 fim, MF « 8 v + do AR
BRI O, AT LA o A A0 88 A T R JiS L
dov ARG [ B A

B1 FEEHE

Fig.1 Arm cross section

x+dx

dx

X

B2 FEHMT
Fig.2 Arm micro element

B TR BT R 29 R b BYRITIE  JF 4%
S BN rom o h AR
1.2 HERAE

RS S5 T8 L, E SR 25 3
T B P TITAR K , f5K 5 A0 TR S i e S 20 55
I —A 10

i

A0 TR0 B30 A 3 o 30
p =% , (1)

Arfp MR (Pa) 5 T RHECRIA 5K T R 5L, R
AR B B B ) (N/mm ) 5 R S AR il 322145
(mm)

TACRHE: B 22 2D 2640 B, DRI A — B 2B 2R (T
WA HFA ST, ARG E 3 fi, K 3 shebek
HARHR D R E AR R A TR

B3 EREKRT

Fig.3 Fabric basic unit
RBERAG— P L2 BN 10 F o 5K ) R 8

F
TZBO (2)

A p A AE TR D A B A e, 2024 o (5 A2 Dy
IR o AR BOZAEIE g A TR 2 2k b I—/ B,
YERWOC, IRBAE T F BRI T AR SR
KB I A2 AU AR S 280 S', AR D 2%
D' RO BB IE R )

o=Eks , (3)
Kb B TR A £ 5 e AR
Jodr—d_ar
Tl
TRMOTA Rk 1 725
r-2 .l (4)
T 2L AR RS,
Sdl=S'dl’ . (5)
22 i R AR I A IR A A6 ACIRS QN &l 4 B .
Y

W

N

B4 FEAEFELNEERMEIRERKES

Fig.4 State of cloth deformation worn on the arm
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Tab.1 Fabric parameters
TR 5 L% T/ (g/m”)
1 m(4E) m( &) =75:25 130
2 m(#2E) :m(RAL) =61:39 190
37 m(H4) m(RL) =48:52 190
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2.2.1 @#3afdh S FZ/T70006—2004( £41
WA S [ A2 ARG 7 vk ) T 8 TR R BT A
150 mm x 50 mm F93AE, SR FH e S B9 LA 7 i,
i HZ T ReH T 215 AL LR A 7, B3 21 5256
503 UG BCEA(E . R A SR i 2 253 TR
(SR E B

e SAL’ (16)

Ko NI (kPa) s AR F AR (N) 51
HTAPRHG BE (mm ) 5SSk TR AR A T AR (mm? )
AL TR B (mm)
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Tab.2 Elastic modulus and thickness of fabric
B R HEA L/ kPa JEL B/ mm
1" 725.57 0.30
2f 423.90 0.42
3* 383.90 0.51
2.3 EHEEHNE
2.3.1 HEREHE  HEH20 BFRE (22 £2)

Ji%, B (160 £3) em, R (50 £3) kg 19 AUAF
LR 2R, AR T R IT 45 iy 4, (]
B YNUSREINEREER - IS UG I N R E|
A28 2 =B T A Geomagic FRUF UEf AL B
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Fig.5 Arm size measurement
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Tab.3 Arm sleeve circumference

JE48 R % Jii FEl./ mm Jit Bl mm
0 150. 00 225.00
15 127.50 191.25
20 120. 00 180. 00
25 112.50 168.75
30 105. 00 157.50
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Fig. 6 Sleeve finished products
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Fig.7 Measuring position and measuring point
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Tab.4 Arm size B mm
ZikH Jiié il a b
A, 140 24.45 22.88
A, 145 25.10 23.45
A, 150 26.60 24.75
A, 155 27.31 25.03
Ay 160 28.89 26.17
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Tab.5 Pressure measurement Baf5i .kPa
o - FE 45 7L
ZiXEH TR FA WY 5% 0% 5% 0%
B a 2.89 2.25 2. 10 1. 40
! b 1.84 1.46 1.17 0.79
A, o a 2.28 1.97 1.22 1.05
b 1.55 1.23 0. 81 0.34
) B 2.68 2.09 1.74 1.14
3 b 1.80 1.64 1.24 0.87
, a 3.23 2.48 2.08 1.65
! b 2.23 1.83 1.37 1. 15
A ) a 2. 46 2.15 1. 46 1.31
b 1.72 1.28 0.85 0.73
B a 2.78 2.33 1.59 1.29
3 b 1.92 1.59 1.26 0.39
P a 3.23 2.74 2.46 2.01
! b 2.34 1.91 1.57 0.96
a 2.74 2.15 1.90 1. 80
A, 2
’ b 1.87 1.57 1.47 1.42
' a 3.02 2.59 2.40 1.94
3 b 1.66 1.89 1.31 0.97
. a 3.57 3.42 2.67 2.32
! b 2.34 1.96 1.63 1.32
a 2.76 2.18 2.24 1.22
A, 2*
b 2.03 1. 81 1.54 0.92
. a 3.12 2.76 2.68 1. 96
3 b 1.91 1.82 1.13 0.97
. a 3.73 3.08 2.72 2.54
! b 2.40 2.10 1.54 1.39
a 3.12 2.76 2.68 1. 96
A, 2
b 1.91 1.82 1. 13 0.97
. a 3.46 3.02 2.55 2.24
3 b 2.15 1.83 1.52 1.15
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o 3 Fig. 8  Relationship of arm sleeve radius and arm
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B 5 A28 TGS 3 MRS EACAL MR FIERKRAE N 3. 73 kPa; P R/ IMEL T XN (4 1)
3RS I H (R BEE) , B4R L% 6, JE A, ZIHE 2T ERHY b R, O T B /ME R

HIZ S FI5% 6 nl LIA L, By 55y 0.64 kPa, SN Jif/IME N 0. 34 kPa, HittiEM],
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Tab.6 Theoretical calculation value BAf5i . kPa
- - PR R
Tk H TAE W

15% 20% 25% 30%
L a 3.06 2.50 1. 98 1.49
b 2.06 1. 61 1. 18 0.79
a 2.50 2.04 1.62 1.22

A, 2#
b 1. 69 1. 31 0.97 0. 64
3 a 2.75 2.45 1.78 1.34
b 1.86 1.45 1.06 0.71
L a 3.20 2.65 2.14 1. 66
b 2.17 1.72 1.31 0.92
a 2. 61 2.17 1.75 1.36

A, 2
b 1.77 1.41 1.07 0.75
3 a 2.87 2.38 1.92 1.49
b 1.95 1.55 1.18 0.83
L a 3.48 2.96 2.47 2.02
b 2.36 1.94 1.55 1. 19
a 2.85 2.42 2.02 1. 65

A, 2#
’ b 1.93 1.59 1.27 0.97
3 a 3.13 2. 66 2.22 1. 81
b 2.13 1.75 1.40 1.07
1 a 3.70 3.53 2.68 2.22
b 2.33 1.93 1.56 1.21
a 3.03 2.59 2.19 1.82

A, 2*
b 1.91 1. 80 1.27 0.99
3 a 3.33 2.85 2.41 2.00
b 2.10 1.74 1.40 1.08
L a 4.00 3.48 3.01 2.56
b 2.43 2.05 1.70 1.37
a 3.27 2.85 2.46 2. 10

As 2f
b 1. 98 1. 67 1.39 1.12
3 a 3. 60 3.13 2.70 2.30
b 2.18 1.84 1.53 1.23

TE o XTI T o TR RPN (=0, ) FE T 9 F-F{EL 5 b s X BL A0 e 0 o TR R il (o = %3717) JEFI B I

3.2 XS %7 fREMSH
SEHUIE J1 5 5200 FE 3 PO A SPSS kit £ Tab.7 Correlation analysis

M7, LRSI 7. i
S vmm e e

e 7 T R ) A T 500U A L R bR REC

SEXME bR 22 AR VT, FINAE S5 S I E AR O & W 1.9946  0.736 8 120 0.974
BUM0.974 78 0. 01 50 FH M 2% S 1.9221 0.712°8 120
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Tab.8 Comparison of prediction accuracy with other prediction methods

. ] 1t71/KPa RE/%
JE 45 75 WA A,
Pu Py Pc Op b¢
a 3.00 3.55 3. 15 18. 33 5.00
15%
b 1.96 3.55 2. 14 81.12 9.18
a 2.49 2.73 2.68 9. 64 7.63
20%
b 1.79 2.73 1.76 52.51 1. 68
a 2.25 2.06 2.24 8. 44 0.44
25%
b 1.45 2.06 1.41 42.07 2.76
a 1.92 1. 46 1. 83 23.96 4. 69
30%
b 1.12 1.46 1.08 30.36 3.57
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