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Initial average (range) thickness of the base plate’s assembly, mm
Initial average (range) thickness of the vertical plate’s assembly, mm
Weight before (after) consolidation, g

Initial average porosity, %

Final average porosity, %

A

242
30 (45)

615 (6.11-6.18)
623 (6.11-6.31)
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B
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30 (43)
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2655 (25.7)
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Property

Young’s modulus
Poisson’s ratio

Glass transition temperature

Melting temperature

Crystallization shrinkage

Young’s modulus in the fiber direction

Young's modulus transverse to the fiber direction
Shear modulus

Poisson’s ratio

Young's modulus in the fiber direction

Young's modulus transverse to the fiber direction
Shear modulus

Poisson’s ratio

Fiber volume content (fully consolidated)

Identifier and value

En=1372
Vo = 043

Te

To =179
p=30

E;, = 231,000
Egz = 28,000
Gz = 28,600
v =023

E, = 132632
E = 6,568
Gya = 2035
vi2 = 0298
90= 0573

Unit

MPa

o]

MPa
MPa
MPa

MPa
MPa
MPa
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Formulation Injection Mold Screw rotation Counter Injection

temperatures (‘C) temperature ('C) (L/min) pressure (bar) pressure (bar)
Neat PEEK 350-380 210 100 50 857
< 600 pm 340-380 210 100 100 ‘ 781

600-1,000 pm 340-380 210 100 100 ‘ 781
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Solvay AS4D/PEKK

o(Grouve, et al., 2020) 0y 31,307 £ 50 [$/m]
o(Buser, et al, 2022) 0y 36,900 ($/m]
oThis work a1, 36,399 + 632 [S/m]

Toray Cetec TC1320 AS4D/PEKK

o(Grouve, et al., 2020) o1, 18,900 + 180 [$/m]
oThis work o1, 33,468 + 803 [$/m]
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Property
Ply thickness
Number of plies

Laminate surface area 1/4th model

Symbol

Value
0.138 [mm]
36

200 % 200 [mm’]

Laminate thickness 5 [mm]
Coil cross-section outer diameter 6.35 [mm]
Coil cross-section inner diameter 435 [mm]
Coil distance to laminate 14 [mm]
Coil applied frequency 194 [KHz)
Coil applied current 1995 (4]

Laminate lay-up

Absolute permittivity of Air, Coil, C/PEKK ply @ 8.85E-12 [F/m]
Relativ clectrc permittivity of C/PEKK ply & 37
Relative electric permittivity of Air, Coil 3 1[0
Magnetic permeability of Air, Coil, C/PEKK ply to 4n/1E7 [H/m]
Relative magnetic permeability of Air, Coil, C/PEKK ply u 10
Electrical conductivity of Air, Coil a 1 (S/m]
Initial and room temperature Ta 23 [°C]
Heat transfer coefficient n See Figure 7
Thermal conductivity A See Figure §
Density » See Figure 9
Specific heat coefficient < See Figure 10
Electrical conductivity of C/PEKK
Longitudinal ply direction o 33,500 [$/m] (NLR Section 3.1)
Off axis in-plane direction o 8865 [S/m]
Of axis the thickness direction oy 0055 [$/m]
Electrical conductivity of C/PEKK interface [0,90]]
Longitudinal and off-axis on 16,752 [$/m] (computed Section 2.3)
Through thickness o 027 [S/m] (computed Section 2.3)

UD [0]56
Cross-ply [0,90]s,

Cross-ply grouped [03,903];,
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Comminglingfibers 15,000 15,000 1,090
Co-weaving 15,000 15,000 1,090

Laminating 18,800 6,140 1840
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Experimental (MPa) 10,100 12,807 949 23,283 4,220 801 10,218 11,395

Numerical (MPa) 9,970 9,970 1,090 25,060 2,204 1,040 15,000

Error % { 13 2 -15 -8 47 -30 -47
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A (1] 297x10°
Ey | mol] 1.36x10°
A Lo 128x10"
E, [y/mol] 9.82x10°
m 1 08473
2 [-] 24065
D ‘ [l 28504
g 1 1326
ar (K] 573x10°
R | [J/(mol-K)] 8314
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Property Uni Composite material 04 stainless steel (Lewis et al, 1977) Cork (Ashby et al.
» [kg/m’] 1586.0 79300 2400
[ [1/(kg:K)] Eq. 1 502416 1900.0
K [W/mK)] Eqs 2,3 162 0.04
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Flax/PA11 Baslat/ Hybrid5050/

PA11 PA11
RHO | E11(MPa) | 10,100 1340 | 23,300 + 3900 10,220 + 650
[ E22(MPa) | 12,807 £1200 | 4,220 % 545 11,400 + 680
GI2(MPa) | 949 + 143 801 £ 156 1,240 + 150
RH50 [ ELI(MPa) | 7918 1295 | 17,893 & 3402 [ 9,440 + 392
E22(MPa) | 9,950 + 1,000 | 3619 + 443 8,886 + 401
GI2(MPa) | 650 + 284 632 310 828 £ 90
s E1I(MPa) | 5001 £479 | 19,570 + 1,481 7,462 £ 360
E22(MPa) | 6434+ 1061 | 4,191 + 397 7,428 £ 175
GI2(MPa) | 566 + 231 664 + 91 623 + 62
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Basalt Hyb 50 50
0 E11(MPa) v12 E11(MPa) v12 E11(MPa) v12
10,100 1,340 0,04 £ 0,02 23,300 + 3900 018 £ 0.02 10,220 £ 650 0.05 % 005
11 failure (MPa) & 11 failure 11 failure (MPa) & 11 failure o 11 failure (MPa) £ 11 failure
60+ 11 0.008 £ 0,01 255 + 37 001 % 0,001 7017 0.01 % 0.04
90" E22(MPa) val E22(MPa) val E22(MPa) val
12,807 £ 1,200 0.05 + 0.153 4220 £ 545 0,032 £ 0.07 11,400 £ 680 050 £ 02
22 failure (MPa) & 22 failure 22 failure (MPa) £ 22 failure 22 failure (MPa) €22 failure
7554 0,007 £ 0.002 574 0015 £ 001 8543 0,008 + 0.0003
45 G12(MPa) G12(MPa) G12(MPa)
949 + 143 801 + 156 1,240 + 150
0 12 failure (MPa) 2 ¢ 12 failure 0 12 failure (MPa) 2.¢ 12 failure 0 12 failure (MPa) 2¢ 12 failure
35%5 0.06 % 0,032 54+ 10 0.14 £ 004 5545 0.1 %002

E11, Longitudinal elastic modulus; E22, Transverse elastic modulus; G12, Shear modulus; o 11 failure; Longitudinal stress at break; ¢ 11 failure, Longitudinal strain at break; o 22 failure,
Transverse stress at break: e 22 failure. Transverse strain at break: o 12 failure. Shear stress at break: 2 e 12 failure. Shear strain at break: v 12. Poisson coefficient 12: v 21. Poisson coefficient 21.
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Flax/PA11 Basalt/PA11 Hyb5050/PA11
‘ V (Vol) ‘ 2% | 27% 33%
‘ Density (gfcm’) ‘ 118 148 136

‘ Fabric ‘ Twill uD Twill
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Mechanical properties

Flax (Baley et

2017)

PA11 (Destaing et a

 Longitudinal Young's modulus £y, (MPa) 89,000 52,000 1,400
‘ Transverse Young's modulus Ej, (MPa) = 5000 -
‘ Longitudinal shear modulus G,, (MPa) - 2410 =
{ Transverse shear modulus G,, (MPa) = 2930 =
‘ Poisson’s ratio 0.2 04 0.06
‘ Density (g/cm3) 27 14 1.03
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NCF ply sequence  Veil  Stitch length (m Stitch type

la [V/O0'190°) Yes 36 Tricot loop
1b [0790°/V] Yes 36 Tricot loop
Ic (0°1907B] No 36 Tricot loop
1d (0'/90°/B] No 31 Tricot loop
2 [VI0°/1357) Yes 31 Tricot pillar
2 [0745'IV] Yes 31 Tricot pillar
2 (0'/45'/Bl, No 4 Tricot loop
2 [B/0'/45/B]s No 51 Tricot loop
3a (V1457135 Yes 22 Tricot Pillar
3b [V/135°/45/B]s Yes 22 Pillar

3¢ [B45135°) No 22 Pillar

3d [B/135°/45/B]s No 5.1 Tricot Loop.
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Consolidation stage (%)  Morphology evolution Porosity fraction (%)  Fiber volume fraction (%) In-plane thermal
conductivity
(W/(m.K))

Experiment  Model

Primary consolidation

7 27 033 040
™ 2 043 om

2 32 047 049
s ; 34 053 Los3
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ID ntation Areal weight balance
NCF1 0'/90" unbalanced
NCF2 0°/45° unbalanced

NCF3 45°/135" balanced
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Supplier Average thermal conductivity at 25°C (W/(m.k))

\ Current study (semi-crystalline) | 016
‘7 Muratov et al,, (2021) (semi-crystalline) PP, Borealis 0.8
‘ Krause et al. (2019) PP, Moplen HP400R 0.26
‘ Chen et al. (2017) PP, MoplenRP344RK 022
‘ Krause and Potschke (2016) [ PP, 5795 (sabic) 0.26
Han and Fina (2011) Not specified 011

‘ Weidenfeller et al. (2004) Minelco B.V. &RTP sa.r.l

e
N
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Dimension Number

Length [a] (mm) 2000
‘7 Ramp height to length ratio [b:c] | 1:40
[ Web height ratio [de] 11
‘ Convex to concave corner radius ratio [fg] 12

‘ Top surface/web to bottom surfacefweb angle ratio [h] 11
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Consolidation stage [laminate Volume of Volume of a Volume of total Porosity volume
thickness (mm)] sample (mm?) porosity (Hm?) porosity (mm?) fraction (%)

Min

Primary consolidation (5.80) 555.12 ‘ 8480 x 107 99.562 | 10751 19.36
2(540) 554.44 ‘ 686 x 10 loos | 11233 2026
3500 569.54 ‘ 686 x 10 19.91 | 5376 9.44
"4(4.60) 555.27 ‘ 848 x 10 0964 | 1408 s

Full consolidation (4.3) 584.50 ‘ 848 x 107 0.0075 | 0.085 0.01
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Thickness percentage reduction

Consolidation stages 1 (primary consolidation) 2 3 4 5 (fully consolidated)
Spacer blocks for the first series of experiments (mm) ‘ 5.80 5.40 5.0 4.60 430
Spacer blocks for the second series of experiments (mm) ‘ 16.60 1550

14.60 13.10 12.50 J





OPS/images/fmats-10-1176482/inline_11.gif





OPS/images/fmats-10-1126933/fmats-10-1126933-g006.gif





OPS/images/fmats-10-1150180/fmats-10-1150180-t002.jpg
Supplier  Fibre content Polymer type Consolidated ply Width (cm)  Areal density
(Wt%) thickness (mm) (g/m?)

BPREG 50 semi-crystalline . 60 300

Polypropylene (PP)
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References

Composite

Fabric
structure

Manufacturing
technique

Thermal
conductivity (W/mK)
range

In- Transverse
plane

Test method

coupling agent

Mishra et al. Flax Epoxy plain weave 35-37 Hand lay-up and hot press 027-031 C-therm TCi
(2020) molding

Jute twill weave

Unidirectional 025-026
Matt
Wang et al. Bamboo polypropylene Non-woven 36-74  hot press molding 003-035 HotDisk transient
(2020) fiber plane source
(TPS) 25005
Zheng (2014) Hemp Unidirectional | 100 -eev 012 Numerical
modelling

Mounika et al. | Bamboo Polyester Unidirectional | 15-60 Hand lay-up and hot press 0.18-021 Guarded heat floy
(2012) molding ‘meter
Thilagavathi etal. | mix (bamboo, | polypropylene Non-woven 94 Web formation and | —---- 003 ASTM D 737
(2010) banana, and  fiber subsequent needle-

jute fibers) punching machine
Lietal (2008) | flax (NaOH | high density Powder 68-219 | Extrusion | e 032-042 Line-source

treatment) polyethylene
Behzad and Sain | Hemp Acrylic polymer | Random 50-80  Vacuum infusion 074-097 | 0.18-028 Davidson&]ames
(2007)
Takagi et al. Bamboo Poly lactic Chopped 618 hot press molding | - 034 Hot wire
(2007) acid (PLA) random
Kim et al. (2006) | mix (kenaf/ | maleated Chopped 38-42  hot pressmolding | ---- 0.05-0.06 ASTM-C518 (steady

hempr/flax/ polypropylene random state)

sisal)
Mangal et al. Pineapple leaf | phenol Unidirectional Fiber treatment 012-022 HotDisk TPS
(2003) formaldehyde and
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Flexural strength

increment (%)

Flexural modulus
increment (%)

Tensile strength
increment (%)

ILSS/IFSS
increment (%)

References

BCO.5/CTBNO 05%/0% | ~0.87 -4 -108 IF: 84% PF: 72% Gabr et al.
(2010a)
BC 0.8% - - 9 769% Shao etal. (2015)
CNF 10% - - - 104% Umeki et al.
(2016)
CE/GO/CMC 0003g/ | — - - IFSS: 58.93% Qiu et al. (2021)
05g 1
ILSS: 50%
CNC 05% 83 95 131 - Cai et al. (2019)
CNC-pONT 02-02% | 34 15 25 347% Shariatnia et al.
(2020)
CNC-GnP 41 13 - 13 ILSS: 28% Kaynan et al.
(2022)
IESS: 45%
CNC-CNT 101 55 - 15 ILSS: 46% Kaynan et al.
(2022)
IFSS: 100%
MEC 2% - - 4 Gie: 79, 75, 66 Gabr et al.
| (2010b)
Gicp: 14, 24, 52
MFC/CBTN 1%/10% | -5 -26 -14 IFT: 96% Gabr et al.
(20102)
PET: 127%
AMEO-NCC 05% 15 129 09 IFSS: 94.22% Zhang et al.
(2019b)
cMe 0075g | — - 8 ILSS: 18.09% Qiu et al. (2021)
APTES-CNC (12K | 1% — — — IFSS: 77/81% Batista et al
individual)
CNE/FF-film - - - - 100% Zhang et al.
(Without WE) (2021)
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Material Flexural strength Flexural modulus  Tensile strength ILSS/IFSS References

increment (%) increment (%) increment (%) increment (%)
GOloCE 20g - - - ILSS: 59.4% Jianjun et al
ACF-DyrGO-2 | — - - | 61% IFSS: 59.3% Wang et al. (2017)
Fe;04/GO/epoxy | 0.5% — 31%-58% 13561490 [ Kic: 75%-57% He et al. (2018)
(77K - RT)
MWONTSGO- | 025% | — - [= s 47% Rodriguez-Gonzalez
CF/E (Mode I) e etal. 2018)
Gic:16.7%
GO 02% 55.5% 19.7% 23.9% - Adak et al. (2018)
GO-POSS 02g - - 53.05% - Zhang et al. (2016)
CF/AG-60 336% 28% IFSS: 86.1% Wang et al. (2017¢)
EDA o1, -38,12,62% 67,10, 8% 73,197, 16% [= Ashori et al. (2015)
03,
05%
CE-PEL-prGO - - = - IESS: 78.64% Wau et al. (2003)
GO 02% 135% 155 = s 186% Chen et al. (2014)
IFSS: 60.8%
GO-CFC 2% - 23.5% 53.9% - Altin et al. (2020)
GNP 04% 208% 20.5% - - Srivastava et al
GO (RT/77K) 02% 6.4/4.9% 9.6/7.1% - ILSS: 17.6/8.7% Qu et al. (2020)
1GO (-10°C) 03% 62% 4% — - Jenkins et al. (2019)
GO 0.1% - - - ILSS: 8% Han et al. (2017)
GO 1% — - — IFSS: 37.2% Jiang et al. (2017)
GO 03% 66% 72% - ILSS: 25% Pathak et al. (2016)
Graphene 10% - - - Gi: 145% Du et al. (2017)
PAS-GNP 40% - - - ILSS: 252% Kim et al. (2020)
LG -3% -3% ILSS: 3% Nasser et al. (2021)
GnP 40% 7% 3% - ILSS: 19% Qin et al. (2000)
GO - - - - IFSS: 32% Li et al. (2016)
GnP 0.1% 21% 7% - - Tareq et al. (2019)
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Material

Flexural strength

increment (%)

Flexural modulus
increment (%)

Tensile strength
increment (%)

ILSS/IFSS
increment (%)

References

MWNT/PEL 55% | — — — 1LSS: 170% Kamae and Drzal,
(2012)

CNT 1% — — — ILSS: 12% Dong et al. (2014)

CNT-COOH 05% | 59.2% 543% - 27.2% Zhang and Jiang, (2018)

MWCNT-T300 01% | 151% 31% 176% 126% Xiao et al. (2018)

CNTs — — - — 94% An et al. (2012)

MWCNT Taow | — <5% <5% 1= Tehrani et al

Silanized CNT - 55 11 - - Kim et al. (2020)

CNT 01% | 7/11 33/-1 71-38 1LSS: 7.7/5.6% Sinchez et al

(Functionalized/

non-F)

MMWCT (avg) - - - 7.53 1LSS: 6.2% Zhang et al. (2019a)

CNT/PI-BDA 05% | — - - | 1ss: 1020 Wang et al. (20172)

CNT - - - 16 IFSS: 68.8% Guo et al

CNT 05% | — - 38 PFT (by CC): 24.1% | Kermansaravi et al

MWCNTS/GO-CF/E | 025% | — - - ILSS: 4.7% Rodriguez-Gonzlez

(Mode 1) etal. (2018)

Gic:16.7%
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Material e temperature ('C) Cure time (min) Degree of cure (
‘ pDCPD film 100 5 938+ 12
‘ pDCPD film 120 5 99.1£03
‘ pDCPD film 140 5 994+ 0.1
{ Nanocomposite film 140 5 982+ 04
‘ Oven-cured FRPC panel 82 180 963+ 0.1
82 180 913 £ 0,05

‘ Heater-cured FRPC panel
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