TANE8E FHARY 54 & 539 Ay

* *

*
EZEXE.0F5F.0 &,

* * »

s .. x

o
M

Selection Methodology of Tool for Co-cured Composite Materials
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ABSTRACT

Co-cured composite materials has its own characteristics, so its thermal expansion is different each other .
The selection of tool material for co-cured composite part in high temperature more over 350°F and 50 Psi
pressure have to consider part thermal expansion, size, shape, and economic aspect in production line. So it
is important choose tooling material in manufacturing composite parts. We called the tool for airplane
composite parts as BAJ (Bonding Assembly Jig). Composite parts are cured on the BAJ in autoclave. BAJ
have to stable at high temperature over 350°F and 50 Psi pressure, Considering composite parts’
dimensional tolerance compare to heat up in autoclave. This paper come from the results of the experiment
at the composite parts production line and review other aircraft company’s method for tooling . This is for
the engineer engaged in composite parts manufacturing,
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2.5.1 BAJ £ Tool Material

BAJ #2022 F2 A8E 4 Jd& Asc
Aluminum,Steel, EFNi,Fiberglass/Epoxy,Graphite/Ep
oxyInvar3é o2 e QA ztzte Add
< A9Rd og A2

Aluminum 2 low cost, easy to machine, light
weight, weldable, good heat-up-rate 5¢] 3%
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2.5.2 Tooling Material Thermal Expansion
24z} o] material '8 ABF ATE E9 tablel 3}
2} A

Tooling Material fﬂ%‘g??ﬂ?ﬁﬁg}‘;‘

Aluminum 12.5
Fiberglass Prepreg 7.9

Wet layup 8.0-100
Electroform Nickel 7.4
Steel 6.7
Graphite Prepreg 20
Invar 36 1.5

Table.1 Thermal Expansion chart
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253 24P ARTAA Spec’
o}z o} BAC A9 & Part o] # 8 53= Boeing Process
Specification ]2} 3} 2t}
1) BAC 5317-1
Graphite(Carbon) and Aramid Fiber Reinforced
Composite Parts, 350 degrec F (1777C) Cure,
2) BAC 5317-2
Manufacture of Low Temperature Autoclave Cured
Epoxy Structural Parts, 230 dcgree F (1217°C) Cure.
3) BAC 5317-3
Manufacturing of High Temperature Resistant Epoxy
Structural Parts, 350 degree F (1770 Cure.
4) BAC 53174
Advanced Composite Honeycomb Sandwich Structural

-185-

Parts, 350 degree F (1777C) Cure.

5) BAC 5317-5

Manufacture of Advanced Composite Structural Parts,
230 degree F (121°C) Cure.

6) BAC 5331

Manufacture of Nonstructural air ducts, laminates, and
sandwich constructions using fabric reinforced
thermosetting resins. 330 degree F(177'0) Cure.
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Fig.5 Tool Material Selection Flow

Fig.6 Tool Material Selection Flow 3

* BACS317-1, 5317-4 INITIAL SELECTION CHART

REFER T0 FINAL
TO00L PART
COORDINATION TOLERANCE TOOL SIZE SELECTION
CHART
SMALL TABLE 2
MASTER CRITICAL MEDIUM TABLE 3
DIMENSIONAL
Pt LARGE TABLE 4
DIMENSIONAL SMALL TABLE §
SURFACE HON CRITICAL | MEDIUM TABLE 6
LARGE TABLE7
SMALL TABLE 3
CRITICAL MEDIUM TABLE 9
LARGE TABLE 10
PHYSICAL MODEL
SMALL TABLE 11
NON CRITICAL | MEDIUM TABLE 12
LARGE TABLE 13

Table.2 Tool Material Selection Matrix Tablel

BAC5317-1, 5317-4 SMALL, CRITICAL, SELECTION

CHART(TABLE 2)

SELECTION TOOL

SELECTED TOOL

COUTOURS

TYPE FOR TYPEFOR:

GENERAL TOOL SHAPE ® SINGLEPERMANENT |® PERMANENT RATE

& SHORT RUN

@ TEMPORARY
FLAT STEEL STEEL
NARRQW/STRAIGHT STEEL STEEL
SIMPLECONTOURS 3TEEL STEEL
MILD COMPOUND STEEL EFNI

MACHINABLE SEVERE
COMPOUND CONTOURS

EFMI s STEEL

EFHI

NOK MACHINABLE
3ETERL CONPOUND
CONTOURS

[32.1]

EFNE

MACHINADLE
COMPLEX/XCRITICAL
DETALS

STEEL

EPHL

NOK MACHINABLE
COMPLEXXRITICAL
DETAILS

STEEL

EFNE

Table.3 Tool Material Selection Matrix Table2




+ BACS5317-1, 5317-4 MEDIUM, CRITICAL SELECTION

CHART (TABLE 3)
TELECTED TO6L STLECTED TOOL
GINIRAL TYPLTOR TYPLRIOR
TOOL SKAPL ® SIGLIPERMANINT |® SRORTRUN
¢ PIIMANLAT o _TENPORART
et VAR 3% WYax 3
dndbor dNmuen Autlordhminn
WYAR % WYAR 36
KiRROWATRAKET dndior Ahmizem Audlor i wminvw
SIRPLE CONTOURS VAR a1 3
WILD CONPOURD
Mitpcous MYar noLDED GR2P
MACHNABLISEVERE | o WoLOED GREP

COMPOUND CONTOURS

KON MACEINADLY
SEYIRL COMPOUND
COMTOURS

MOLDED GRAP MOLDED GRAEP

MACKINADLY
COMPLIXICRITICAL INVAR 36 MQLDED GRIZF
DETAILS

NON MACEINADLY
COMPLEI/CRITICAL
DETALLS

MOLDEZD GRIP MOLDED GREP

Table.4 Tool Material Selection Matrix Table3

« EXAMPLE OF APPLICATED BAJ MATERIAL TYPE

MATRIX REVIEW
1. Specifcation - Graphite
2 C/0 Media " Digital Data
3 Tolerance : Critical
4 Size large
5 Shape Simple cortour
€ Rate : Single Permanent
7. Material type : INVAR 36

Boeing program C-17 Rear Stabilzer
Application : Bonding Fixture

Material : INVAR - 38 (CAST & WROUGHT)
Size : 40' X 100" 60" Wide X 34" High

Fig.7 Tool Material Selection Reviewl

EXAMPLE OF APPLICATED BAJ MATERIAL TYPE

MATRIX REVIEW
1.Spedification . Epaxy structure
2. C/O Media : Digital Data
3. Tolerance - Critical
4. Size :Large
§. Shape : Simpte contour
6. Rets - Single Permanent
7. Material type : Aluminum

Lockheed - F-22 Raptor
Application - Bonding Toal
Materia! : Aluminum
SIZE | 21" X 96" X 44"

Fig.8 Tool Material Selection Review2
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EXAMPLE OF APPLICATED BAJ MATERIAL TYPE

MATRIX REVIEW
1 Specification : Epoxy structure
2 C/ Media ' Digitel Data
3 Tolerance : Crical
4 Size - Medium
§ Shaps : Severe compound Contour
6. Rate | Singk Permanent
7. Material type 1 EFNE

Airbus program - A340 fairing
Apphcation - Bonding Tool
Material : Rectroformed nickel
SIZE: 10" X 24" X T0"

Fig.9Tool Material Selection Review3

EXAMPLE OF APPLICATED BAJ MATERIAL TYPE

MATRIX REVEW
1. Specificaton ; Epoxy structure
2 C/O Media : Digital Data
3. Tolerance : NonCriticel
4. Size :Large
5. Shape - Severe compound
Contour
6. Rate : Single Pemmanent
7. Material type : EFNI

Bosing pr;;)m - B777 At Fairing (KAL)
Application : Bonding Fixture

Material : Eactroformad nickel)

Size | 26" X 30" X 146

Fig.10 Tool Material Selection Review4

» EXAMPLE OF APPLICATED BAJ MATERIAL TYPE

MATRIX REVIEW
1. Specifcation . Graphile
2. C) Media . Digital Data
3 Tolerance : Critical
4. Size medium
5. Shape : Simple contour
6. Rate : Single Permanent
7. Material type : INVAR 35, Stesd

Military program - F16 Fighter (KAL)
Applieaton Bonding Foxture
Material : Steel

Size . 7 X30°X80°

Fig.11 Tool Material Selection Review5




« EXAMPLE OF APPLICATED BAJ MATERIAL TYPE

MATRIX REVIEW
B 1 Specification - Graphite
R 2 CO Medi . Digital Data
3. Tolerance : Critical

4. Size :Lage

£ 5 Shape: Simple cortour

Rete - Temporary
7. Materinl typo : Molded GREP

CBS Artenna program (KAL }
Application : Bonding Fixture
Matectal © Stesl CaatingiGGGA0)
Size 15" HIGHT X 90" DA

Fig.12 Tool Material Selection Review6
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(1) D31181, Boeing Advanced Composites Tool Design
Document

(2) D31171, Boeing Electroformed Nickel(ENFi)
Tooling Document

(3) D33028, Boeing INVAR 36 AND INVAR 42 Tooling,
Fusion Welding and Machining and Finishing
Procedures

(4) D33181, Boeing Tooling Procedure tandards(TPS’s)

(5) BAC5317 Process Spec, Fiber Reinforced Coposite
Parts

(6) BAC5317-2 Process Spec, Manufacture of Low
Temperature Autoclave Cured Epoxy Structure Parts

(7) BAC5317-3 Process Spec, Manufacture of High
Temperature Resistant Epoxy Structure Parts

(8) BACS5317-4 Process Spec, Advanced Composite
Honeycomb Sandwich Structural Parts, 350 degree F
Cure.

(9) BAC5317-5 Process Spec, Manufacture of
Advanced Composite Structure Parts, 250 degree F
Cure.

(10) BACS5331 Process Spec, Manufacturing of
Airducts,Laminates,and  Sandwich  Constructure
Using Fabric Reinforced Thermosetting Resins



