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Research progress in testing methods of mechanical properties of

textile composite fiber preforms

YANG Zhi'?, JIAO Ya'nan'?, XIE Junbo ™, JIAO Wei'?, WANG Yu'?, SHAO Mengjie"*, CHEN Li"?
(1. Ministry of Education Key Laboratory of Advanced Textile Composite Materials, Institute of Composite Materials,
Tiangong University, Tianjin 300387, China; 2. School of Textile Science and Engineering,

Tiangong University, Tianjin 300387, China)

Abstract: Textile composites are widely used in aerospace field because of its advantages of light weight, high
strength and strong designability.The fiber structure of textile preform determines the final mechanical properties
of composites. However, the fiber structure of preform inevitably undergoes macro-scale and micro-structure de-
formation during the weaving process, and even wrinkle defects. The preform is a flexible skeleton, and its deforma-
tion mechanism is very complicated. Test is the most direct method to characterize the mechanical properties of
preform, and it is also the basis of establishing theoretical and numerical analysis model. In this paper, the basic
test methods of textile composite preform, such as tensile test, compression test, bending test, shear test and form-
ing test, are reviewed. The advantages, disadvantages and applicable conditions of different test methods are dis-
cussed, and the future research work is prospected. The work in this paper will provide theoretical guidance for the
improvement of preform mechanics testing technology, the establishment of testing standards and the accurate
control of shape during the forming process. It will promote the structural design and engineering application of

textile composites.
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Table1 Experimental parameters of biaxial tensile test

Material S.a mple center S'ample arm Strain measurement method Loading method Ref.
size/mm size/mm

Coatedwoven 704 749 260x100 135 mm linear displacement  p;. o) pidirectional loading [16]
fabrics transducers

Coa?ed woven 300x300 150x25 100 mm linear displacement Biaxial unidirectionalloading [16]
fabrics transducers

Non-crimp 3D

orthogonal woven 60x60 145x60 Digital image correlation (DIC)  Biaxial bidirectional loading [18]
reinforcement

URETEK3216LV 160x160 200x160 28 mm needle extensometers Biaxial unidirectional loading [14]
Envelope material 50x50 200x50 ilfil(;fsrecmon displacement Plane loading of vertical specimen [19]
HAA envelope 100x100 220x100 High-speed photography Biaxial bidirectional loading [12]
Uretek5876 160x160 160x200 20 mm needle extensometers Biaxial bidirectional loading [15]

Note: HAA—High altitude airship.
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Table2 Experimental parameters of compression test
. Sample Speed/ Strain measurement
Material Top plate size/mm (mm:min) method Ref.
Spacer fabric Not mentioned 100x100 12 Micro-CT [30]
Hexcel G986 twill 2/2 carbon fabric Diameter: 100 mm — 0.5 Micro-CT [23]
Interlock fabric Not mentioned 100x100 1 Digital microscope VHX-1000 [21]
2/2 twill weave fabric Not mentioned 100x100 0.5 Micro-CT [31]
Single layer fabric Surface areas: 15 cm® 50x50 1 Micro-CT [22]
Woven and knitted fabrics Diameter: 100 mm  140x140 1 High resolution microscope [24]
Carbon fibre plain weave Diameter: 50 mm 60x60 1 ir/[r;s;[f)l_erndeeo gauge system and [32]
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Table 3 Experimental parameters of bending test

Material Test method Sample size/mm Speed Temperature/C Ref.
Four structural carbon fiber fabrics ~ Cantilever test 300x300 Quasi-static No [37]
Monoply and multiply stitched fabric Cantilever test 300x150 Quasi-static No [40]
. Monoply: 150/180x50
ﬁMb(;rrngll)yrrgnultlply and 3D carbon Cantilever test Multiply: 100x50 Quasi-static No [41]
3D: 405x70x15
PPS-carbon satin prepregs Cantilever test 200%50 Quasi-static 320, 345, 360, 380 [46]
“Vertical”
UHMWPE fiber reinforced TPU ertica 250%20 Quasi-static 80, 100, 120 [47]
cantilever test
5HS satin weave impregnated with ~ “Vertical”
Cycom 5320 cantilever test 150x50 3,6,9mm/s 20, 50, 70, 90 [44]
Unidirectional carbon Cantilever/ 23x15,53x15 0.01,0.1,0.5
fiber reinforced PA6 three-point test Span: 20/50 mm/min 200,230, 260 [48]
Interlock reinforcement Three-point test 200x30x15 — No [49]
Span: 116
Glass fiber twill/UD prepreg Rheometer test 15x20 0.1, 1, 10 r/min 60, 150, 210, 220, 260 [50]
Unidirectional carbon R
fiber reinforced Nylon 6 Rheometer test (25-35)x25 0.6, 6,19.2,60°/s 240, 26, 280 [51]
Carbon fiber plain weave Rheometer test 60x70 0.1,1, 10 r/min No [52]

fabric and Silicone oils

Notes: PPS—Polyphenylene sulfite; TPU—Thermoplastic polyurethane; UHMWPE—UItrahigh molecular weight polyethylene;
UD—Unidirectional.

®

(a) Three-point bending test of dry fabricl*! (b) Three-point bending test of prepreg”
F4 =Rt
Fig.4 Three-point bending test

o5 U B BT A BE TR B/ B B FRL N E A s i e 7 U AR TR A A i AR T, (H R

SETCENE AR BORAE AT 5 1 LSl R e R ik R R AT g v/ e B 5 380RE 22 a) ) BE 5 L S
3.3 Kawabata I g% AR . KES-FB2 /N X fE 0% I K 751 il 14 76 2 25

Kawabata 75 ifj i % (KES-FB2) 2 T* 1980 4 , AR T B PR, 38 AT LA B AR R
FOMNARE O 1A 5(a) B7n, BUHIAZE IR S SO A AR R e Mk . R %O iR
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1725 08 B0 I D 226 vl D 2 B, A AR 2 - il
Rk IR ALY, X Rl g5 SR A
Tk X B RN = R e e S
R T BERS 1 T TR R BT T W T T R s R R
M4t N, A2FHS T KES-FB2 () 3Eal EIF & T
— b L AR A 0 2 (1] 5(c)) AR ik
TR LA 1 T R e LR AR A3 AT LS B
ARk, SRk 5 X R AE A A Lt

FER A A i A . 36 3 Rl T — BE SRk A7 IR
A ASCES 0 3BT A A 50 S 4. IR AR A S i
AT DL A% 4 il g o AR b md i R St R
FE 1 PR 3 R A7 2000 R A0 T A 25 ot O %o 3R AR i
AR PE . R T RO 2 B R R
T LA A LB/, Poppe 2P AR R U Y
A b, MR T Je kR E (K 5(b) MR,
TIRE AT EE M, (kR TR E R

Rotating shaft
(R=35 mm)

Fixed shaft

Specimen
drainer

(b) Enlarged rheometer bending test!**!

. Rotating shaft

(c) Rheometer bending test!!

W—Specimen width; L—Total length of specimen; [—Half effective length of specimen; M,—Bending moment; «—Rotation angle
[¥l5 Kawabata %5 {56 K HA

Fig.5 Kawabata bending test and its extensions
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o LEERTE, JRAE A I A I/
JE R P a2 il A SR 2 AR, (R k2 3
T 2 7 AN e 3 A BR A, X LA 4t
R 0 T 8 14 0 )

4 BETYNRIE

YY) AR I 2 25 2152 A b Rk 3 ] A4 [ Ak B 5k
i FE R ARIB A ] AR Y 55 U1 AR T8 AT DA
SN TH NS UIRI AR U] 2 25, HATHY BT 2
B8 TP A U AR 4 T P9 B BT 3D g JE
JEE T A A 1 )2 T B D) A o 150 b o B DTG Y
A -BY V) M2 — T 40 3 AN BB wIR By
By U AR Y RO AR ] A B 8, It
B P BT DRI BE B /N s MBS DDA AR KA, SR 4R
) AH B B% R, TH PN Y DD R M 5T A
it M mE, By P 2R A, R
2 SN TTIA N - 1 K Naba o o X < 1 D S SR g
B (1) S AR ™= 2R T Wb 4y nl L R 46 Gl
A LATE R e AR PR A ) s (2) TR R AR T

N

9

(a) Picture frame test

B == B
B !-B

T P BY VIAR T o X T il A A ML A P fF 5 2 B 001
4 TN BY I A Z AR 2 R B R G R, R 2
TR A T PN K S R s R, B ZEAR K AY BT UM
TR Dk AR A . ik, TR LA HEESRA
W58 T AR BT V) AR 8 5 RS0 IR C R, IR
SA MBI AR A T2 R At ts 5 . AT
TR PN 59 U0 3 1 3 A0 455 R AE 5 1) R i Az e
T A 55 U1K ik 2R R [ 5D,

4.1 tHIEZY]

AHHE 85 )i 46 (Picture frame test, PFT) & H
TR AE B G bR T A% 1 P 55 D0 AT Ry 0 5 vk
Z — vl A HE BT U R B A0 &) 6(a) BT R, MAAE WY
XTI b, mIERF BRI NET . Rk
AHAE 11z B2 U, AT DATH530 S AHAE £f1 05 fr A s
BdzZ LR, M.

0 cos-! 2L +d
h 2L

()

*ETE%@J@ )’framegj*ﬁﬂiﬁ ZI‘ETJ E‘J?&%ﬂlﬂﬁ
NG UIA SR Z A CR, WX @ HHE

Clamping area

Clamping area

Clamping area

(b) Uniaxial bias extension test

Firame—Measured force; Ly, ,.—Length of the frame; y,,/2—Half shear angle; —Frame angle; Fy,.,,—Shear force; Le,,;c—Sample’s clamping length;

Ugame— Measured displacement; H—Effective length of specimen; Ly—Initial diagonal length of zone A; d—Tensile displacement; F;,,— Tensile load;

a—Half frame angle

Pl 6 AFIE B3 4730 0 1 il AT % R el

Fig.6 Schematic representation of picture frame and uniaxial bias extension deformation'

61]
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i E):
Yframe = 90° =20 =90° — 2COS_1 ( \/EZLL‘F d) (3)
S - HURE P4 B R BRI Sy A

TN BT OIS, R A R R W BLE Y U A 5 B 5k
STOIfA R 22 AR H N, R B AER) IR AR TR B B

AARE B DI B A g8 — m I o, 3% 4 A5
T AR R SCRRARGE B3R 280 W) YA AE 5T )
HE (8 7() 4 A KA RIPE A BT AL, AT
77 10 5L ATy AR, T RS 4
AR AL, R IE DT IR R A DU AR R,
ARHE . S T IRIER I aliBi blis g, A 2EE 0
T J5UA 2 B A T — PR, Ak 7(b)
7R, %07 BRI ARAE B9 D) a8 s i AR E Pk . T

BLUY)O J A R R e R e A 1 2D 21T 4%
B MAE LB, BRI R R Y LR,
JeFF R R AT, A S A R AR 5 1)
BH 77, PROLBEHR 7 B U2y (0 RS B . TR
A TS K X B VI AT O A B R2 W, Hosseini
SEOO EAAAERY R R T 4 MR AL (8] 7(c)),
RPN A PR R R AR B AT . T
TV 255 V) 44, I ad & v A A Labview
s il ] A L BIL I /80 2% 32 3 LR B 8L B 2b 2k
RN F, Zhang S5 K B, U0 S T AORE 1 7E
WG LA BT 28 /A 20 O Il S AR AP AT, G
UL B AR, 2 LY R ok B B i
T e 45 v BT 7 2R R jﬂT%ﬁE;’%f}](ﬁﬂﬁtE‘JT
FEME, IR ER e R, H T4

TAREAE R AME | e 45 Jr ORI T2k ) G 25 OUHJE 3D )R R W) W R PERRAE, JCig dnfi
Hh o WA R, AR T — R 5 S i RS B S VA AN X A ) A S it S DA ELS
A K RS AL, AN . AEARRE R PEFT 2 ) LA RA T KR AR, 52 ma R i n] A
it Al R 42215 A AR IR B i R e Bk e k. Bk, BETAHMESY UIJEHE, Montazerian %7
F4 HEFHTNKARESH
Table 4 Experimental parameters of picture frame test
Material Sample size/mm Speed/(mm-min™")  Strain measurement method Ref.
3D angle interlock fabric 100x100 10 Manual image analysis [58]
Non-crimp 3D orthogonal weave preform 180x180 10 Digital image correlation (DIC) [18]
Plain-woven Kevlar® 49 75x75100x100 125x125 5 CCD camera [67]
NCFs with chain and tricot-chain stitches 210x210 20 1 230-pixel camera [65]
Twintex fabric 219x219 — Zeiss V20 stereo microscope [62]
UD-NCF and Hexcel’s woven fabric 170x170 100 Two video cameras [61]
F-12 aramid fabric 127x127 — DIC [66]

Note: NCFs—Non-crimp fabrics.

| | «—— Crosshead mount |

@

Clamping plate! >

L with screws

Embedded
3 sensor
Top-side
Force

Unit: mm Needle-integrated frameless

shearing test

Crosshead mount

(a) Picture frame!"”! (b) Picture frame with multiplier links”  (c) Picture frame test fixture(®! (d) Frameless samplel®®!

1—Top hinge; 2—Bottom hinge; 3—Slotted guide to allow for amplified travel of point 1 due to linkage at A; 4—Clamping mechanism, lip;
5—Clamping mechanism,plate with screws; L,—Length of the amplifier; L—Sample length in shear zone

Bl 7 FHEST V1AL

Fig.7 Picture frame test
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Table 5 Experimental parameters of bias extension test

BET) J& %

Horb, H AT W 53 530 D iR B A SR R R S
S g i g Ao 00 ) 3R S AR 0T I 10K

Strain measurement

. . "
Material Test method Sample size/mm Speed/(mm-min™") method Ref.
4—ha.rness satin WEAVe  pias extension test 225x90 20 DIC [78]
fabric and epoxy resin
Nyl(?n 66.woven . Bias extension test 200x100 10 CCD camera [56]
engineering fabric
Non-crimp 3D
orthogonal weave Bias extension test 200x100 3 Digital camera [18]
preform
F-12 aramid fabric Bias extension test 300x50 — DIC [66]
X 200x100 .
?:sri“cmu'wea"e carbon - i extension test 300150 200 Sf‘slltzllg féjmoo [77]
400200 &
N.C Fs Wlth cha'ln and Bias extension test 225%90 20 1 230-pixel camera [65]
tricot-chain stitches
Roving glass fibre/ Bias extension test 250x100 100,1000and 10000 L HANTOMV7I1high- (o
polypropylene (PP) speed camera
UD-NCF Bias extension test 320x160 100 Digital video camera [61]
Plain weave fabric Bias extension test 100x50 10 DIC [56]
. o me s . 210x210 Digital camera (Canon
Plain weave glass fabric Biaxial bias extension test 240x240 200 power shot A 700) [73]
. Multi-step biaxial bias Creaform viuscan
Twintex extension (MBBE) test 70x70 4 portable 3D scanner [74]
12 K carbon plain Infiltrated bias-extension
weave woven fabric test (IBET) 280x120 100, 350, 700 A camera system [79]
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(c) Experimental fixture
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= Needles

Base plate

(b) Uniaxial biasex
tension test speciment’”!
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Fig.8 Bias extension test fixture and specimen

(d) Custom deigned biaxial
biasex tension fixture!™
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Camera for DIC
Load cell - Tensile machine

Isothermal oven
High clamp

) P Specimen
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Moyving bridge — Bottom clamp

with fixture Rear ﬁl.xture (fixed)

. Force i1 1 Silicone oil gi
s Transportation fixture -j_.*
- =1

- Specimen

(a) Horizontal bias extension test!™”!

Upper grip

Lower girp

Actuator

>

Specimen #~

o

S

Glass wool

Lkl

Clamp with spring
system and screws
dog point

(b) Bias extension test fixture and clamp system*!
-

' '_Themmcouple | ’;

\.\ . /‘:
o

P
Thermocouple 2

2
[hd

Probg,/

7
7
e

Temperature chamber

(c) Bias extension test fixture and detail of temperature probe!®”

DIC—Digital image correlation
P9 gl 1 B fi o e 1

Fig.9 Uniaxial bias extension test fixture and specimen at high temperature
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Fig. 10 Interlaminar shear test fixture

5 RENRIE

KT RTM T 2 sk B2 B R i 8 T2
il 8 KRF . B AN SR, 252108 & bk
T A 2 ol P IR A AL R B 22 B LB AR, B
PN 0 £ 2 245 4K AR A KW B U RS Bl AR T o HE
KRN EUN o S S o VB I oy g
Z—, UHMHZZE it e, R 2
A Z () B AT AR 2R R omy, DU A8 48 s 300 ) %
SRR IS, oo, TR 2 L A v W2
A /G NS R BULBL R & /452 2 1A)
ML E W, Yl NEAEGMEN R E
TR, DT BN 1A R A N R A
HANE B RE 1B FR S “IETEMERE”. HuT, AT
AR FH 2= BR B AR 1 565 SR AT 5 T ) 4R 1) 35 TR 1 R
S TR EIR AR AT 5, R A8 TR AR T
U R IE AW T A7 24 3 2R At & 24 TR 7
TR AT T AR ()35 T e, AL FE RS Tk A
A R RN G R A A T ) R B



1526 EAMHER

5.1 FIRAEIKLE (2 BRSBHA IR 28, il T B AR R A 45 4 2
PER AR B T2 H AR MBI ML AR, MRS A B SR AR
AR R AEIAR B, DLW TS BRI AEL Sk i b e T 1) TR 2 35K g 2L 3 30 43 Ay 1] L B 28
il o IRKEAIIR B B, B A A AR LD L SR B ] TR 2 F, il 11(a) 1AL 11(b) Fi7R o
K Fedl, AT UIARIE s AR TR ARSI i AT REER LA & BT AYF BRI A (I 11(c)
K, R0 K A AR B, T A2 i 0 7 AP 11(d)) AT LAPRGEE | ] B A9 T R~ BRORB I6
BRI b f R R BRI R AR 2D HLY TEARE BT RERIRMLI A AF T, Xiao 551 FI Arnold
B A B A PR, BE%& 3D E S A RHAY ) ST Bt T 11(e) FNIET 1L(F) BT R 92 2R AL &
ZRH, EAER AV R G 3D R Bl A KR B AT . JCie ] L R R g 2
2 RO R R B 2 6 M T 2 SRR AR E B AT PR S, I AR S Y

F6 FIRABMREINIESE

Table 6 Experimental parameters of hemispherical forming test

. Punch/Circular Sample Speed/ Strain measurement Blank-holder
Material . . . Ref.
hole size/mm size/mm (mm-min™) method pressure

3D warp interlock preforms  150/160 300x300 — “tracers” yarns 0.2 MPa [85]
Non-crimp carbon fabrics ~ 150/287 Diameter 380 90 “shape-from-focus” (SFF) 9.4kg [87]
Bi-axial carbon fibre NCF 100/104 300x300 100 Grid strain analysis (GSA) 1200 N [90]
Stitched UD-NCF 100/120 350x350 100 Optical strain analysis 7508 [61]
Twill 2/2 woven fabric 100/122 260x260 2700 CCD camera 0.025, 0.075 MPa [88]
3D warp interlock/2D plain 5, 5 250x250 45 Digital camera 0.2 MPa [13]
weave fabrics

Plain-weave fabric 150/160 400x400 30 Optical strain analysis 0.05 MPa [92]
Triaxial fabrics 150/160 300x300 45 Video camera — [5]

Note: CCD—Charge coupled device.

dy=190
d,=100

Blank holder

d,=120
Hemisphere . 4 >
(a) Hemispherical forming from toptobottom!*) (c) Hemispherical (d) Hemispherical
forming test fixture*” ) forming test fixture!®”!
4 Radius :
300 Blank-hol Pneumatic 75 L . .
175 ank-holder jacks Weight ring
P 160 P | Blank Clamping ring
| holder . . Fabric blank
! L Hemispherical )
= . : punch Supporting
. % 2 75 ring
Fabric Die/ 150 é% —L 343
: Punch Pncumatic Load sensor — Camera
i jacks
(b) Hemispherical forming from bottom to top®" (e) Hemispherica (f) Schematic diagram of hemispherical
Iforming test fixture!® forming fixture!®”) Unit: mm

d,—Hemisphere diameter; dy,,—Inner diameter of blank holder; dbp—Hole diameter in the base plate;
u—Hemispherical displacement; P—Blank-holder pressure; G—Gravity of blank-holder

11 PEREAALS

Fig.11 Hemispherical forming test



W A SIS A MR T A R ) 2 VERE I T ik B T R

- 1527 -

B IR SRR 320 28 A /N %o SRS Al 1) /N MBS
A EA 0 Rashidi 4% #1598 T AR E
Xof L ] A A A8 A B A Jmy S e B (n 21 44 3
b 2 BE52) Y52 e, 38 548 0 2 2 i L AT
TR 2N T T b R G . Arnold 457
FR A5 W P 11(F) B s 1 6 2 8 5 T TR A A R
INKE AN R] 2 B LU A A PR RE A 52, 4 SR e I )
ol s 343 38T R AN [7] 258 28 2 0 1) 0 A 208 22 S 8K
H# i R W . &5 R 8
LW AT NS FEGRE A . 7 AR A
3 6 4 2R 1) R i R AR AR R 5 R 1Y
HELE . BT, W RO R e A v 7 A AR
FERFAE (b4 R 4 2E 1T PN 3T DIAZ (8] 9 3l ) 59757k
FEA 28 (1) AR OE2E ERE, f OR
ER2p” SUA T A B R 0 5 28 A T A
PR SECRIAR BRIC , SRS G B A B
T A B A ek B S T s EUR T DIC R 4e 4
HUEMG AR T AFAE 5 (2) 32 fil =X 0 3k 0o, A
TEJ7 T8 WA bR ac S A i R, i ] = A AR
GRS P A 5 = A A i, LA I Ay R it 5 1Y) A
LA T A% £ 22 [8] 8 e £ A2 AL o B i )
D7 VA T BAREE (B B 5 2R RS R G T BB
T VAR IR 2 IBCH R B WA P 5 3 XD £ D7 o

FEBR, (HAERAESBL, R 2 LA Bt
o T BRI B AL RAE T %, BESEA
Gixl 2D #5854 3D E 2410 3D HLLL
Py USRI 3D g 4L 1 A R o R e i TR R R
il T JE TR RS

LR L TIR, R A BRI e R A
{ELJE: o0 i R 0 T S 45 4 0 % 3 R 2 KO
W I B A2 JE AL T7 1 AT 98 B A T LA 225 i AR B
A, AN [0 2 M0 ) B0 28T -0 7% it 4 22 B A
HAR e, dSr AR — A 07k £ Brikae R
UNNIRULD S SR VS UP S SR % i SRR vl B D
SO, 3 5~ Bk Y 0 45 R 2 6] A AT LR H
T A A DR )
5.2 SHREMMEILE

SRS 9 S G BEORH R ) £ 0 A b
PR ZHEAT AW SN AL  LUIE B A P ) JL AT
NI N N TS 2N it B S ST K Sk
HEZb L R L i i R SR T R A S5 ol B 110 R R
e Ik, JFRE T 1R 52 A% 4 i i B 5+
W AP TR BRSO, A2 R A H R B X T
MR RE 3 T SR ZOR . 7 B4
— S Sk T AT A2 2 R AL K R T T
28

®7 SZREMRENRORESH

Table 7 Experimental parameters of special-shaped forming test

. Forming Sample Speed/ Strain measurement Blank-holder

Material . . . 1 Ref.
experiment size/mm (mm-min™) method pressure

Gla.ss/p olyprop y.l ene Double dome 470270 200 Manual image analysis 100N [63]

plain weave fabric benchmark

Plain woven composite Double dome . .

fabric benchmark 470270 20 Manual image analysis 100 N [93]
Double dome . .

Glass-polypropylene (PP) benchmark 452x640 100 Manual image analysis No [94]

G1151@ interlock fabric :;:;:edral — — Optical module 480 N [95]

. . . . Digital Image
G1151@ interlock fabric Prismatic shape — 30 Correlation (DIC) 9.22 N/yarn [96]

XU TR R %) 2 B EL A R B s o £ RALE
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Fig. 12 Forming test of special-shaped structure
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