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Statistical Characteristics of Domestic Composite Material Prepregs

Jinwon Kim"", Hosung Lee?

'Korea Aerospace Research Institute
’Korea Aerospace Research Institute

Abstract : This study shows the statistical properties of the domestic composite material prepregs test result.
During the last three years(2012.5~2015.6) the prepreg specimen tests have been performed by referring to
NCAMP developed test procedure which was approved by FAA. The database of (1) Carbon Tape, (2) Glass
Fabric, and (3) Carbon Fabric composite material prepregs' characteristics have been established for certified
aircraft structures. This qualified materials can be used for aircraft structural design through proper material

equivalency procedures.
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Table 1 S¢AE F57, 3%

No z =z olE Z =y A
FA AR FZE K015, DA}
CP150NS/K.015 T700 12K (HpE)

1 A ZEzy
(o]st 7HE ¥ol=)

AR 3 0 150 gsm,
FRANE S 35%
Tz AxAL - IR

22 AR AT : ARIZ22, DA}

{F;Eflflm © DET5 1/0 (B3
2 Qa;glﬁ A S 0209 gsm,
(ol felaf Am) | Lo S 88
RS R ENE EE we)
G AR == K015, A4
gi;if;l_gi% © T700SC-12K-50C ( H i)
3 | F5EE % WA F%: 193gsn,

FAANE A 41%

R [ B R e

9 heolsel AAH NG A% A vl
Egat Table 25F gow, 57 AH WAsh 2]
o Ask Al 2L AgHG o, @ WANAE 3749

Ade Azetel A8e Fas sl
Table 2 7| A4 EA4AE njEE] A~
[ TR T
b4 AU T A T

CTD RTD ETD ETW
ASTM D3039 | 5x2x3 | 5x2x3 |5x2x3 | sxaxa

A % AR A
[0l Fobg m

1900 s Ak 1 WA, HE | ASTM D3039 | 5%2x3 | 6X2x3 | 5%2%3 | 5x2x3

SACMA SRM

[0]s b oy 2 IR-94 5X2%3 | 5x2x3 | 5x2x3 | 5x2x3
[014 Ay g S"‘c]"li{}if“'“ Gx2x3 | §x2x3 |6x2x3|5xax3
(901, W HARE SACHA JFM | sx2xa | su2x3 | 5x2x3 [ sxaxa
[90]4 B} oHe AR SACHA SRM | gxaxa | sxzxa [sx2x3|5xaxg

[aseas] g | w0l did gbdg W W% | ASTM D3518 | 5x2x3 §x2x3 | 5%2x3 | 5x2x3

[0] 18 Short beam shear ASTM D2344 | 5x2x3 Gx2x3 Ex2x3 | 5x2x3

Table 3~5+ ¥ AFoA 8 EFA= A=
E4% 435 Yehdie, Tabledl A AMEEE HAbe
U 2

- CTD : Cold Temperature Dry =7

- RTD : Room Temperature Dry &7

- ETD : Elevated Temperature Dry %71

- ETW : Elevated Temperature Wet =74

- t : tension, €14, ¢ : compression, $¥%, u : ultimate,
=% E & G @ AT

- WT : Warp tension, WC
Fill Tension, FC

Warp Compression, FT

Fill Compression, IPS @ In—-Plane

Shear
- SBS : Short Beam Shear &=

9 g5 959% ANFES zte= =75 =g
T3k Modified C.V. & FA WHEAFE UeRY
s A=

o}
o oolgle WA ZAA W Hw
o
9

Table 3 7} Ho|Z, B-Basis A &4 2 EA%[3]

EJH| 712 CF idirectional
[Prepreg Material F3E|Y] 7} CP1SONS/K015 Unidirectional [—— oS
Unidirestional Tape
Fiber : T700 125 Resin: K015 Lamina Properties Summary
Tgldry] = 151.45°C Tglwet): 11486 °C Tg METHOD : DMA (S0 187)
Processing : 2% 7] 3 (TCPS-RD-006)
Date of fiber manufscture 20m3/01 Date of testing 2014/01/23-2005/01/24
Date of resin manufacture 2013/03/19 Date of data submittal 2015/5/30
Date of prepreg manufacture 2013/03/22 Date of analysis 014/03/30-2015/05/30
Date of compaosit manufacture 2013/05/27-2004/04/17
Lamina mechanical property B-basis Summary for HFG NGLE1/AR1222 Glass Fabric.
Data reported: As measured followed by normalized values in paremtheses, normalizing CPT=0.253mm
o RTD ETD ETwW
. 23103 1947.9 23046 21879
™ [MPa)
(2395.2) (1976.9) (2289.7) (2291.9)
1324 138 s 1261
E,"[GPa)
(1373 (az7.a) [228.3) )
vis' 034 033 031 0.3
£ MPs) ) 35 (1) 40
£, (GP3) 95 B2 67 6.1
13648 11224 B8y 9620
B, [MPa)
(13771 (12118 (817.4) (2005.5)
. 1146 116.1 1159 193
£, (GPs)
(1181 (119.8) (119.3) (123.0)
Fy"[MPa) 2472 1832 1614 1428
E;(GPs) 95 108 B3 95
By (MPa) - 573 353 155
i ™™ (MP3) 59.2 425 255 199
8, (GPs) 45 39 26 22
585 (GPa) 108.5 839 50.5 39.3

1 1B Hormalised &1 ZHR

Table 4 24 &, B-Basis AF =42 EA%H3]

Prepreg Materl: HFG HG1B1/AR1222 HEG HG181/AR1222

Glass Fabric Lamina Properties

Fiber DETS 1/0 Rasin : AR1222 Summary
Teldry) : 15.76°C  Tglwet): £9.22°C Tg METHOD : DMA (SR 18R-94)
Processing: 2% 1] & A (HFPS-001, Rev 2)
Date of fiber manufacture 2012/11/14 ~ 2013/0%/ Date of testing 2013/12/19 ~ 2015/05/04
Date of resin manufacture  2013/09/02~2013/09/0 Date of data submittal 2015/5/21
Date of praprag manufacture  2013,/09/02 ~ 2013/04/ Date of analysls 2014/03/30-2015/05/30
Date of comp f 2013/09/26 ~ 2013/11/
Lamina mechanical property B-basis Summary for HFG HG181/AR1222 Glass Fabric.
Data reported: As measured followed by lized values in h lizing CPT=0.253mm
cTo RTD ETD ETW
u 423.3 380.3 3259 297.9
Fy" [MPa) (a28.2) (374.8) (325.0) (3215)
E,'(GPa) 244 215 223 218
vyg' 013 012 0.10 0.0%
™ (MPa) 396.2 349.7 306.1 276.9
(400.92) (337.4) (303.5) (278.8)
£ (GPa) 24.3 23.7 216 20.8
o 536.0 407.4 296.5 257.3
Py (MPa) (531.2) (820.1) (3049 (265.4)
£, (GPa) 5.4 24.7 234 231
F," [MPa) 4954 3929 2933 2456
(518.0) (401.9) (299.1) (263.6)
E,'(GPa) 244 238 223 216
Fur ™™ Pa) 49.8 274 27
Fy " (MPa) 46.2 33.0 199 163
Gy3(GPa) a3 34 2.2 18
SBS (GPa) 64.5 49.5 30.8 243

{ 12H2 Nommalized Tl 2t E
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Table 5 BHAAlf A&,

B-Basis A 2&4

2 A F3]

Prepreg Mattrial HFG SCFI53//C015 Plain Weave

HFG SCFIS3/015
Flain Weave
Lamina Properties summa
Fiber © TI005C-124-50C Resin: K015 ' ¥
Tgldry): 149.85C Tglwet): 113.25°C Tg METHOD : DMA (50 183)
|Processing : RH T AMMPS001)
Date of fiber manudacture Date of testing 2014/02/18-2004/12/29
Date of resin manufacture Date of data submittal 155K
Date of prepreg manufacture Duate of anabyshs 2014/03/30-2015/05/30
Date of composit manufacture /
Lamina Mehanieal Praparty B-Rasis Sumenary
Data reparted a5 Maasured foliswed by Rermalzed values in paranthases, narmaliring by CPT= 0.4 me)
[50) I RTD 1D FTw
96.1 999.0 1097.7 9912
Fmra)
[1022.4) [1007.8) [1062.8) (10164}
@83 515 513 573
Ly'{GPa)
[5.5) (.6) [58.6) [55.1)
ver' 006 006 0.0% [T
F™ MPa) 8E0.8 56 8013 756.7
(L] (786.3) {#17.0) [173.5)
(AT sy 58 5.0 581
(55.6) (5.5} [55.6) (35.6)
3 676.6 606.4 5571
Lo ] .
722.3 674.2) {607.51 1553.31
527 5.4 55.4 581
B (GPa)
[53.5) [36.2) [56.3) [38.7)
¥ [MPa) 658.7 5787 45,3 458.0
[595.5) (570.4) jaa8.2) {a55.1)
[#y(=] 510 43 54.1 56
[51.2) [54.6) [54.5) [6.0]
Fu"™ [MPa) ET) [ S0.7 w1
Fi" ™ [Mapa) 559 437 az4 M3
Gy |iPa) 33 37 23 25
| sns [GRa) 681 0.6 535 361

[ 12H2 Normatized s 45

(Toray AP tiy] =

=
d& Pl [Table 6~

AE 5 8]. B4 =
o] o] H{oll= ke EAo] UiRE 5% A
< Rola 9t}
Table 6 7} ¥]o]3X, B-Basis A5 EA X H L
MERE/sE =4
S44
cTD RTD ETD ETW
0" olE A 162.6%| 105.1%| 121.0%| 119.5%
0" ol 2t 108.1%| 102.4%| 105.1%| 106.9%
90" Q% L 95.1%| 92.2% 98.3%| 105.7%
90" ol% Zd 104.9%| 97.6% 89.4%| 96.9%
SRS ==d = 111.5%| 92.3% 65.9%| 93.1%
S0 2% 4 98.0%| 101.6%| 120.4%| 135.1%
L8] Z = (SBS) - 109.2% - -

Table 7 FEl4fr 2=, B-Basis A& EAA vlaL
MEeE/gsE =4
=4
CTD RTD ETD ETW
0 oIE HE 81.4% 88.5% 77.5% 97.3%
o E A 95.8% 100.8% 99.9% 102.5%
90" oE U 100.8% | 102.2% 82.0% 97.5%
90° | & 2kl 99.7% 102.5% 99.3% 103.4%
0 UE UL 95.6% 88.0% 77.5% 84.2%
o Uk AN 99.8% 96.8% 90.0% 97.9%
90" g% s 105.1% 96.9% 88.2% 97.5%
90° Qs 2tad 100.4% 99.3% 94.7% 97.9%
Table 8 €A1 2=, B-Basis Al5&/d#| H|aL
ME2E/gE =
44
CcTD RTD ETD ETW
0ol AT 132.7%| 118.0%| 113.2%| 99.5%
o oEzE 104.2% 104.2%| 104.0%| 101.6%
90" 2IE A& 136.7%| 121.3%| 107.8%| 95.7%
90" 2g g4 99.4%| 102.9% 101.4%| 102.3%
O Ys 2k 111.8%| 106.7%| 101.1%| 136.5%
90" g BL 99.6% 90.3%| 86.3%| 1054%
&Y Z=(SBS) = 109.5% - "
Bgane] 54 FHAR wate] LEY HE
of YT wol wow B £/} B84E 127
b At A woluw FRAAAN Fot o

Laminate
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0° Tension Strength - Normalized

@IE| H| 7H=2 CP150NS/K.015
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DATA INPUT/OUTPUT

compatiTy - (L1LL) =
oo & . e p— -
= : [ ] = 2

PRINT REPORT Igrars Levene 3 bl for euwadity of Variason | -

Maport Alowaisies with €1 modified 7 . -

Posling hased g | 4 Crisorn 0 ¥

e -

DIAGNOSTIC TESTS

TEST CORDATION st -

oy,

CHECK FOR NORMALITY OF DATA SET AT TEST CONDITION

Fig. 5 CMH-17 STATS SIW 27| A& 34

EAAYES feke] A CMH-17¢] PC& =21
Al CMH-17 STATSI[Fig. 51 ¢ 38%+& Fig. 63
wow] F7kd] AxUoly wo] Waw %g— ES

rot

.

O

Statistical Analysis Start

Failure modes consistent and
Appropriate

> 3 conditions
(temperature,
moist. Content)?

= 3 batches, =15
specimens (valid data
points), at each condition?

Analyze all conditions
individually using single-point
method

Failure modes
consistent among
environments

Outliers
removed

Disposition outlers
Section 2.4.4

Any within-batch
Outliers ?

No outliers removed

Test for between-batch variability
within each condition
Section 8.3.2.2 (0= 0.025)

Between-batch
Variability ?

Tgnore between-group
;riabilty based on judgment?

Remove condition(s) with between-
batch variability from pooling and
analyze those condition(s) using

single-point method

Pool (combine) batches and collect
Outlers data, grouping by condition =3 condi
removed = 3 conditions

Remaining ?

Any outliers
Within a condition?

Disposition

=3
conditions
Remaining 2

Test for equality of normalized

Section 8.3.4.1 (= 0.05)

Apply experience and judgment
considerations to variance equality
statistical result Section 8.3.8.2

Remove outlying conditon from
pooling and Analyze that condition
using single-point method

Figure 8.3.1(0)

Variance at one
environ. very high or low
compared 1o others?.

Check normaliy of pooled se of
normalized data using Anderson
Dariing test with o = 0.05

Accept

on judgment 2
Calculate normalized

pooled sample mean
and standard deviation

Calculate normalized basis values for pooled data based on
imber of specimens and calculated k factors

¥

‘ Multply each condition mean by the ‘

normalized basis value to obtain
the basis value for each condition

Fig. 6 CMH-17 STATS S/IW EA &4 &
g5 (Pooling) "8 %84
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=, ST FERS A AEE Folo]7] Y8k
e Aol Al AE, =, e, AL, o, 1L
=5 21, & FAAY A e dHeolH Ao
Welksto] FAAE e 7otk o] WS st
Aol AFE HAast shHA 37 AREE 2l
+ B-Basis Z=#ts 78 & A HAG

2 Ao A= FEol Brhser A7F o 2 AS
Gom o] ZA$oE Single-point HHOE EA x
£ T Fig. 71.

Failure modes
consistent
and appropriate ?

= 3 batches
= 18 specimens
(valid data points) 2

Stop. Insufficient data
for Handbook publishable
basis values

Note: Basis values may still *,
" be calculated, but il not have'

. sufficient data for Handbook
Outliers \ publication ;
removed

Test for outliers within
each batch

. N . Yes Any within-batch
Disposition outliers Outliers ?
No outliers removed

No

Test for between-batch variability
(a=0.025)

Experience and
judgment considerations
Section 8.3.10.1

Between-batch
Variability ?

Ignore between
~batch variabilty based
on judgment 2

Pool (combine) batches into {Test for equality of variances (diagnostic)|
single data set i (0= 0.05) H
Test for outliers within
single data set
Any outliers

In single data
Set?

No

5 or more
Batches ?

Disposition
outliers

Outliers removed

No outliers removed

Calculate OSLs for normal, Weibull,
and lognormal distributions

All OSLs
=0.05?
No

Calculate basis values using
nonparametric method

Normal OSL
>0.05?
No

Calculate basis values using

normal method,

unless overridden by R
engineering judgment Calculate basis values
using ANOVA method
Calculate basis values using Weibul,
Section 8.3.6.6.2, or lognormal method, No basis value
(OSL must be > 0.05) can be calculated

H =] = =

Fig. 7 CMH-17 STATS 74184 s2%
Single-Point W -84

Ak,

Table 9 7| A3} ZE|=g 19 £2 A3

B4 Y
A2 (Tack) KTP-CMQ1301 7.14
<14 (Drape) KTP-CMQ1301 7.24

ASTM D3776 Option C
or SACMA SRM 23R-94

FA AR ASTM D3529/D3529M
ke S ASTM D3530/D3530M
44 34 (Resin Flow) ASTM D3531
23}A17E (Gel time) ASTM D3532
HPLC SACMA SRM 20R-94
FTIR ASTM E1252
DSCell ef <t ASTM D3418

PP =

Table 10

e BiEstel aord Y Y4

>
o,
o

Table 10 v|7d3} ze|ze el A4, el
()

TEST RESULT

ITEM REQUIREMENT RESULT TEST Method
Hapd(Tack) L ') . [ m
a‘lg.tar;:w: T F’a-s-s__ - K'_.l;-cmmzoz ;%1

'nﬂm?gf:. ;.f"rﬁﬂ 264218 | 268 | SACMA SRM 23094
FAMNE EHRH (W) 383 (wih) I 366 ] ASTM D 3'.12'9!?%291\.4
BYE HRY (wm%) I 2.5 max i 0.39 | asTh D“i“S_?:;.fBSSUM
£3 EBY (w1%) 5= -35 | 134 . .-‘__AS}M D 2531
D8A2E (minutes) &' 26" ASTM D 353‘2

HFLE

SACMA SRM 20R-94

FT-IR

DSC HHEY

Attached report ASTM E 1252

ASTM D 3418
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Table 11 Zste 2hv]ito

& e,

Table 11

shel 2}

73 & o X}

E g~

Egx

=37 271/

HEE 2
(Cured ply thickness) ASTM D3171
Ha e
(Laminate density) ASTM D792
AF5-9 (Fiber
Volume), % _‘T‘__gq ASTM D3171
TA - (Resin
Content), % =% ASTM D3171
71288 (Void
content), % 9 ASTM D2734
Lransmigsion, CScan® | MiLHDBK-787A
2] ok, DMA Az &% 274 -
wystsel ¥ Tg SACMA '18R-94

Fig. 8 2A

S HeolZ Azl A9

Aol %% DMA (Dynamic Mechanical Analysis,

EAZIA A

CEERE LT

dlojet 1 Lolm

151.5C= SAEANETE Yepdh

Sample A-TC-L1-1.DMA-D-1

Sire: 180400 & 12 8670 x 11850 mm
Method. Temperature Ramp &

Commant: CAKI1 301 (Casbon/Epaxy Tapa)

File: C.(TA'Data' DMAZTY S0MA 211
Operator 5 H.JU

Fun Date: 30-Jan-2015 12 90
Instrument: DMA D800 V20 24 Buld £

1.0E5

10000

Storage Modulus (MPa)

Loss Modulus {MPa)

Fig. 8 BFAE|o]Z

L] 100 120
Temperature ["C)

DMA =% A3} (FHH)

i 180 180 2

Linearam V54 TA rmtsurracts

L1 A% 54 109

Table 12% Zste gvdlo]E9] AA AlAA A A
E Yehin WA EH=2 Adste] HdEs aofst
LHER 1Tt

Table 12 7 3te vy A A A ()

TEST RESULT
ITEM REQUIREMENT RESULT TEST Method
AYE & ¥ ASTM D 3171
{mm} e Methed |
n GG
ﬁ.%‘ :’E 1.84 ASTM D 792
(gferm’)
== | : |
SAUE YRY | 4$TM D 3171
(wtss) gat Method [
4F SOl . 4.0 ASTM D 31’?1
(Vol%) Method [
I2YRE .
Wol%) 3.08 ASTM D 2734

3.4 7|EF A ™

2 T AE 2 YEEIA
ol glom oA AE AFEANA ARE F719T
oA 2] Short Beam Shear Al¥ 23}
B71eA e AR Ae-5 Blaste] Az 43}
TJolAE ErE 5ol Arg

ut 42385}k [Table 13].

Table 13 U0l E A mjEY A

- ufj A g o e A 1A
(S FHAT R ) ; — P
Hal AY8A HEEAN e P e
(25/50/25) ASTM DETRE W4 7% o #w | axzxs 2%
al £ | a=zxg | axax3 2%
OHT1 [45/0/45/901 d fend
C1O/S0/10) ASTM D5766 %31 P qg - %2 2%
ik il Aol P SRS A% 3x2x3 3x2x3 | 3x2x3
tsnia_mlm B 3x2x3 | 3x2x3 | 3x2x3
OHT3
a5 /50/25
iz?,;df.:J e Ax2x3 3x2x3 | 3x2%3
FHT1
‘:10;")0”9’ i | 3w2xd | 3x2x3 | gxaxd
25 W Bk Ju@ny
lum#mnnma- i Peerd o [9nad
253 ASTM DR4R4 B9 7 e Ix2x] 3
arct [45/0/-45/90] 4 e il Rl
(107807100 ASTM DE484 Bel 79 o e AXIN;
OHCZ 45/ 5/ AS/ASBOMG/ G545 2 g gl [N
(50/10/10) ASTM DE4B4 %9 79 9% 7 3
A =x2x X2x
OHC3 [0/45/0/90/ 0451014 5/0/-45] 25 Br2xy | 3ead
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