Lis Ay % s
2006 F LiBXFEEHFAILI 65

U

ﬂ%%mEAHﬂm
T

e E&H . O x #i
o & . B &k AHh %
e B IF. B fF

:'.
b ||l|
b 1l-ﬁl

. —
Uam IIIQIIl'r

I, 11§ fl .
Tirhiemdl = WA




2006 LBXFELHAILI 65

=R E M EHT
FER AT

o E&H . B X i
e S f. B f{F

:\\\\\\\\ N%ggggw-} = X

\ NERFRE
s it {111

\\\\\\\\ ."I--Il"‘: T




Shanghai University Doctoral Dissertation (2006)

Group Theory Analysis of
3D Braided Structural Composites

Candidate. Ma Wensuo
Major: Solid Mechanics
Supervisor: Feng Wei

Shanghai University Press
+ Shanghai -



EH 7RS4 B (CIP) ##E

2006 4 - #§ KA A 2A A8 3. 5 2 B/ e
G gm. — B . g R2EH ARt ,2010. 6

ISBN 978 -7 -81118 =513 -3

Lo2... I .. WM. EE—#Aes—iCH— Lighi—
2006 IV. G643.8

Hh [ A P 366 CIP %di i 7(2009 ) 55 162510 5

2006 £ i K FETRALX
—%2H
R R R AT
(LT 1B 99 %5 MEBLARTS 200444)

sy

HBRA B E

3
R B R R A R FHER ’
LIHECERER TR S ERIESE -
FFA 890 x 1240 1732 Efdk 278 F#{ 7 760 T
2010 456 A4 1 MR 2010 456 A% 1 ENRI
EN¥. 1—400
ISBN 978 =7 —81118 =513 -3/G - 514 Efr: 880.00 jr.(44 fi})



o3 N

ARXAEERMEZERR2RERTE, HIAFE
EHwREM AR SRR

BEHERE L L.

FAE: & & & HEZ, HESERE 200030

Th. AL H¥z, EAK¥ 200433
KW Az, FFKRE 200092
#2& HER HEKF 200072
B F BEE, bk 200072

Sm. B % HiZ, FERE 200072



FEAALL.

S8 N3
nH*
# X

AL L,

°t & o
#iE
#% %
YRS

HEz, FPrR#
P, LSS R
HF%, HEKE

Hz. FGERT
. FFFRE

200092
200030
200433

610054
200072
200092
200092



R DY 2R SO Vi

LIHRFOH SN S BRI AMAFE
ARZF HEHAEARA THEMAGIUTEMF ) F RS
MR BT T A S AR R

(1) R4 E T A THAE SR IUT L M6y 3T 4R B
i,

(2) TR BHEE R TING R L OMA B
R,

(3) AXARBIEF =S p BAHHGIATEY, h—F
st R B AR ST RAE T BRI,

(D) ABBHRBETT — RN LHIUMEMG =%
S BHA, AT AR T 4T

(5) BT TEMETLIUT AR, 3T T A& =4k
¥R Z g R R A M AT T A,

WL IAEELA G Ao LR AME, RAES LA L
%64 2 A b Ao F M S iR, TP AR AR 69 B A ST R KR
HEHLENT BAER ARBOEINEHFHR R
B, RXEEFR . BHPE AXEFEHR, LB ALET
FA—EHRFHHEFEAL, AEAHIEY, 9L M
BB A WL BT AR B A,



ZREZ DY R UER

BEBRENLAR AZRAEBL L IHRAFHIHLF
XL A#, 2T LEH LS.

ERERLSEE.: JNIEX
2006 4E 1 H 15 H



=

CEFRREeHMHNBEHRELBRD A THREL LTS
MEERTMARN L R T EAFTRANFR AXHA X HFHE
WRRT XL A, 48T 5 M 09 xR LR X AR #f A
Dt FRBER %S AL E M R R, RE R R
FEAE T 4 G0 AT R AT ML 20 K, B S BR R A0 B JL AT A oy &
AR, REBFER Z E5RILTEM, 7 UK L #H AT 4
Vb VN K F PSP R e INCE -

AXEERRT GHEMBILAEMA XK REERL,
RLT 5% PR JL T 4 3 AR B A Kk o 3t AR R 1 Fu st AR T
FEMGHRTRANTEM AR BREN LB R LT
B RRARANTEMOAFREEX T RE LB RR AR
GOAZECFEE; AR EM B LAEMAFRBENERRT
RRTHRAZARBE . ZABANEERT; R THEE L
&M B F Tl 8 A S 5 A

ATRAYHERABFRE - ERAILTEME S RE, KX
EXTREYELBHAFTMEAGHFETERA, AR E
BERRTHABRETHNMBT R AR SRR (BETE
MEOMRENTEMEE LK, AFE A KREEN ML
WPEXNHRETEE, REXETELAEME L.

EA—RGRLAEME AT ERETEHAERE A
MERRANIRY M EAPHAKHTELEL L, REFAE

14—



2006 % _Eg K
ErFAaex m

GETHAMENFER ART _EEH5L8LAEHEAERN
AR
RRATHBIN _ERRIAEN, F R R L%
MBTEABRS L ZERFT _ERLNTEH. RgEF:-
ERAMHNAEN L RN EER T, EELRTT A T4%
REGHHANNFERTAR.
AZRERBE=ZRRRITEM S K, 4 EL 20
HREBH#TTHR., BT HETAABHNERERT, 14
HHRHRGNAZ ZERREEM AN FHEETRT TR
B, BEARIEFAE L ZEAABI AL REEARBELTREN
%t
BEHEERHRENDEABRAEGA —NMEAREL ZEFL
MR ITEME T UGN LREZE A, RELSEHSR
T EENFETIRT ZERRIETEHWEMT R ZRE
oA o FTRLT 48 KA EH LA 4549 89 5 [8] & [ 4 Bl Bravais % ||
BT, B e F 8 & —&F A A Bravais % 6] & &
B2 RIE,
MNETHEMBNAEHZEHTUTERFRALA
WEAMBIAEME T, B HLZEBFNRF AR,
TURFHRIIFHN = RRELAMBILAEMN,
BRAAGLZEAABRRELATEAHERT ZEREILTE
M RIEY ZERA LA ER AT 2 & oy 4L
BEO/NLAXR ABZLILGEN - ZLELMHHNLAHERR
BT RE.
RESMHRBHRET AT EFEMBNILAE



B =#RARSHRNERL DT

MR CANN TETAT A3 I 89 B 2 A0 #0940 22 M d 4T
7M.

HERNEZE ZAFZL AN BANFREL T —FHH
BA—TEHETNA>NRE FURERENEREEHM
BKATREAFIREUNT LU EM, BN E LR T %%
WETRLAAR, BAERIN KR T IR RAR BT 4
BEREL2EHEES. AZ/IAEANEEENEEHN
EEWEA ) F R #ATT T,

XBIR HEMBRLARGHB . FEAH . FLZHE H
LR AL EERT, AP ER

3 ==



Abstract

There are a few varieties of 3D braided structural
composites, the theory of braided geometric structures and
systematic classification method of 3D braided structural
composites should be approached deeply. Such problems have
been solved by the theory of symmetry group in this paper.
The symmetries of braided geometric structure can be
described with symmetry group. When point symmetries of
braided geometric structures are described with point group,
the braided materials are briefly classified according to their
point symmetries, thereby unit-cells of braided geometric
structure are derived. Space group is applied to classify 3D
braided geometric structures at length, which derives fully
novel geometric structures of braided structural composites.

In the dissertation, the symmetry group theory of
braided geometric structure has been generalized. Symmetric
operations and symmetric elements of braided geometric
structures are defined. Then we describe the type and
expression of the symmetric operations. Braid point group,
lattice and space (plane) group are defined according to the
related symmetries of braided geometric structure. The
matrix representations of space point group and space group
on braid are derived from the matrix representations, which
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are symmetric operations to describe braided geometric
structures. The related plane and space lattices are deduced.

To describe the point symmetries of 2D braided
geometric  structures with plane point group, the
constructional method of symmetric unit is studied by setting
up point symbols representing yarn segment and applying the
idea of a basic symmetric unit, therefore 2D braided
geometric Structures (including plain woven) are rationally
classified. We obtained unit cells that satisfy various point
symmetries by-eonstructing various plane symmetry unit
patterns with plane point symmetric operations.

The simplified methods of 2D braided geometric
structures and their relations with plane lattice point are
investigated. The braided plane lattices are summarized up
and classified. According to specialties of various braided
plane lattices. the shape of the regular unit cells of 2D
braided geometric structures are reduced.

We classify 2D braided geometric structures and
investigate methods to derive it with plane group. Then we
derive out the matrix representation of point group. which
can be used for studying mechanical properties of 2D braided
composites.

Braid space point group is defined. We classify 3D
braided geometric structures and describe unit cell’s
symmetries of the geometric structure, then we derive matrix
representation of braid space point groups, and it is the
foundation of mechanics performance research of 3D braided
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composites. Finally, a conclusion is drawn that the braid
space point groups don’t include pure mirror symmetric group
elements.

The combination of yarn segment with point symmetries
denote with a lattice dot, the 3D braided geometric structures
are identified to various space lattices. According to space
lattice performances the primitive cell of 3D braided
geometric structures and the shape of their conventional unit
cells are derived. The space lattice of braided geometric
structures shares the geometric structure of Bravais space
lattice, but it has not all the symmetries of Bravais space
lattice.

The space groups of braided geometric structures can
adequately describe the symmetries of the existing braided
geometric structures. The scientific description of the braided
space groups brings great enrichment to the geometric
structures of braided composites.

3D braided geometric structures are derived with space
point groups and space groups. We verify the approximate
cross-section of the yarns in the analysis process of the 3D
braided composites, which provides a reasonable hypothesis
for establishing geometric models of 3D braided composites.

By the method of symmetry group analysis, novel 3D
braided geometric structures are derived, and the feasibility
of their braiding techniques and the physical performances of
corresponding 3D braided composites are predicted.

A new geometric model named the variable micro-
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structural unit cell geometric analysis model is present in the
research of spatial 3D braided composites. Taking a 3D
braided rocket nozzle as an example, we simulated the
geometric structures, which essentially reflects the actual
geometric shape. The tendency of the fibre volume fraction
in the 3D braided composites is theoretically predicted. The
physical and mechanical performances of 3D braided straight
tube are forecasted with the geometric model.

Key words braided material, braided composites, braid point
group, braid space group, braid lattice, braided geometric
structure, matrix representation,geometric analysis model
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