o2xt0MA

AmERIcAN CompPoSITES IMIANUFACTURERS ASSOCIATION

I N
Evaluation of Large Thermoplastic
- Welded Structure

= Joseph Hell
Boeing-Wichita R&T

CTCC

PRS2 2026 | SAN DIEGO, CA

A \
\
\\

|

\_

THERMOPLASTIC
COMPOSITES
CONFERENCE




Evolution of Thermoplastic Technology
1 ASPERA WICHITA

> 4'x6’ Skin  ~ 4x8.5
3 » Compound curvature
» Constant curvature [ gger

- . > Variable thickness
| » Constant thickness  AFpP > Shape compensated

. » HS (AS4) fiber
3 layup tool
> IM+ (T1100) Fiber
> AS4 fiber Stringers 3 T1100 fiber
» Constant thickness  AFP + » Variable thickness
» Made at NIAR Stamp » Made by HICAM
CoFusion partner

Frames > IM8 fiber
» AS4 fiber AFP + > Variable thickness R R
> Constant thickness  Stamp > Tooling exceeded US 8 Aem
» Made at NIAR Induction equipment limits, :HERMCOPLA;.CCOMPZS.TES
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Laser Assisted Automated Flber Placement

Iﬂ l

« Make skin and stamping blanks |

» Laser heating
« 4 tows

« Temperature and speed
influences tack, level of repalrablllty

7 % /& // \c ‘  “ o :
2 |} - Allowed angular deviation to reduce Iaps

& gaps
« 8 Ibs/ hr with 5 lanes
« Shape compensation of mandrel

AwmericaN ComposITES MANUFACTURERS ASSQCIATION

THERMOPLASTIC COMPOSITES
3 CONFERENCE 2026




* Designed multi action die to clamp.web before forming flanges __=r

A
S
=

 Size of tool eliminated use of any domestic stamping press

 Predicted movement of 0° plies durln stampin .
ples during stamping |ACMA

* Aniform used to predict distortions

« Showed effect of mouse holes and trim on wrinkling
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CoFusion Tooling (patent pending)

Sliding stems allow stress-free face-sheet

.“ === -:-;- " :’." - . expanS|on
] —A

Method of Supporting Heated Facesheet With Unheated or Different CTE Substructure

Unheated Bagging
Flange (for CoFusion)

Litz wire induction coils

—— Brazing alloy

Elevated temperature facesheet
(growth exaggerated)

Direction of growth
upon heating Facesheet only connects to
substructure via pins

Kovar face-sheet Thermally isolated perimeter

Pins brazed to facesheet, slides in
bushing when facesheet expands

i

|
| |

~
—~a, /
~ /

==

Litz Wire Induction Coils

All stem axis project to same point
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Co-Fusion Temperature Profile

Broken line indicates
, Intended tool temp. [P —— N 680°F Target Temperature

Thermocouple location

co0 Dash I|nes |nd|cate mtended cycle
;L'I-:soo
2 30 Ply T/C’s
;;.J_SDD = 70 Ply T/C’s
. Power inverter
200 electrical fault
100 '/
0:00 0:20 0:40 1:00 1:20 1:40 2:00 2:20 :
Elapsed Time (h:mm) Thermocouple location
e Stringer 5-Fwd e Stringer 3-Fwd e Stringer 2-Fwd e Stringer 5-Aft e Stringer 4-Aft ® Stringer 3-Aft ® Stringer 1-Aft : gAem
e
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Induction Welding Tooling

Reaction force from manipulator

< <

B |nflated
Y

Tooling Features

« Gantry to position coil in each stringer bay

« Backup support serves as heat sink

« Air cylinder on coil and bladder must work
iIn harmony

~ |

Uniform pressure

Heat removed from surface
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Induction Welding Process Development

’Optimized balance of weld

More uniform pressure than c —nt  Overheating of shear tie & skin o & defects

layer ply squeeze out

iTcl_: SHN/36 °F |TcolEm ) . of
L f: 440.8 / 440.1 kHz (RGO 0.0 A
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WICHITA: Dimensional Inspection

WICHITA-REV2

0.0750 -+

0.0500}--

Goal was 0.060”
surface profile

OOT after just AFP
largely eliminated

Most of skin fits within
-0.02” / +0.04”

0.0250 -

on g
Call outs are for stringer caps, color applies to all %MMA
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Pulse Echo Ultrasonic Inspection

11 | ~ WICHITA-REV2
i popy T e | a0 N |

QEERLL L | L
| | Bl st inte ) ot Y ; "

' | B |

Mt '.Lfg{, | -  Red: >6dB loss
B R bt ey T ! . .
| | Bt & Pink: no signal
j’.ii Wr | t: A: skin
JHIE4RE F & B: ramp
i S C: stringer weld
AHEEL | i 8 D: frame weld
_'H; \!{'il

|- o B

« Stringer OOT may have exceed capablllty of Co-Fusion process o
 Good consolidation in skin, mixed results on welds. Need @4€M‘l
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Stringer Weld Photomics

Thick stringer on thin skin: Thick stringer on thick skin:
high attenuation low attenuation

Weld Line

o el 5 $ < CHEARE o T, e ® T LY

S,
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Component Testing

No indications and highly uniform
welds on all 5, 3- strmger panels

\ Group_0A-Amp /{ Group_0A-Depth }, Group_0B-Depth }, Settings [

[« [» [} Group_oA-Amp }, Group_UA-Depth { Group_0B-Depth }, Settings [
elp, press F1

1 N: 4.900in Data: 0.000 in

AwmericaN ComposITES MANUFACTURERS ASSQCIATION

12

COMP-01

THERMOPLASTIC COMPOSITES
CONFERENCE 2026

- v = o
i MRD_HIiCAM TPC-P1-E11-M00-1-COMP-01_ScaninY.Ahsd:2 M: 31.320in N: 4.900 in Data: 0.00( e = t6ss (008) ‘. , Q,D_, i
_ ‘ Moan 278 Hann: 2 N61 o8 4 > - Bean 3 7P50
TI'A——_‘& A® & [es100 [[oro0  [[es5as00 \{ _— |cn MR & 131|000 [[6555 |pon | Weeem ) S5 | sune o5 S c20dd B e e
- > | -
* < > I [ [ Spread Ignore < Ignore > 5 ] it L Spread Ignare < lgnore »
[1881  [[1 IEEE L |65 Jiam BAEK Utra HICAN reference stindsrd
Gray.lut <] [o100 | [25100]d8 @® Range OMésk pr— [o0s | mlnch ® Fange _ O Mask
Colorbar Low > High 2 Both = Lowf ngh [[J AutaZoom on Change Spread Calarbar Low = High — Bath = larm It [ AutcZoom on Change Spread
Set s Default 1 -‘ 261 |raw M°de et Az Default raw : ‘
- — T -— - — -
e Mean' 26834 d3
- = EE - gw J StdDev: 04627 08
o [N o
Bpies  (0.0447) | Hean: 2785 h 1_6""“ (0'08(6)_ Mean: 2.1161 dB [ (24 es Lu1zs) Mean: 3.7)160 df a1 118 Inc
StdDev: 0.59] £ StdDev: 0.5120 diBf StdDev: 14214 1 fitdDev: 0 0064 ing
. . o - .
PAEK Ultra HICAM reference standard #2 PAEK Ultra HICAM reference standard #2 Mean. 2 1204 ¢B
StdDev: 0.5587 dB
b
N
[ !
—— e ei— ——
Mean: 2.6834 dB
StdDev: 0.4827 dB -‘
Mean: 2.1204 dB
StdDev: 0.5587 dB
= . L
Mean 23302 ¢B
StdDev: 0.5796 93
1 . N
B ESEmasmp 0 MMEES
Mean: 3.3392 dB
StdDev: 0.5796 dB =
£ = - IMP-01 0 Aam



Prisftin’e"

MAX LoAD
225498 [bF-

T MAX Loap
| ARSI

2D rop

27542\

2

Compression After Impact

s 8

35

Breaking Load (kip)
= = N N w
oo o o o U O

[e]

VID energy: 75J 70J 60 J
[
v
28.845 99.6%
75.1% 80.0%

Pristine Comp-01

| ]

Comp-02 Comp-03

Residual strength needed

Skin impact to cause
stringer disweld

AmericaN ComPoSITES MANUFACTURERS ASSQCIATION

THERMOPLASTIC COMPOSITES

CONFERENCE 2026




MAX LoAD
A3 548 [bF-

Comp-02

Compression After Impact

Impact to OML to cause
stringer cracking

35

Breaking Load (kip)
= = N N w
oo o o o v O

o

VID energy: 75J 70J 60 J
28.845 99.6% ﬂ
I I 75 10 80.0%
Pristine Comp-01 Comp-02 Comp-03

Residual strength needed
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High Rate Aircraft Manufacturing
 WICHITA used to demonstrate technologies and processes that could be
used to build a single aisle fully thermoplastic fuselage

» Benefits (compared to current thermoset practices) are expressed in flow
time, labor cost, material cost, and factory floor space

KPPs_________| Savings from baseline

Net Cost/shipset® $ 0.68M 43%
Non-Recurring Cost $ 1.30B 49%
Recurring Cost $ 0.31M 37%
Factory Area 0.35M ft2 44%

Weight 216 Ibs 13% 0
* Assuming 3600 units @Aﬁm
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