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FOREWORD

This Standard establishes engineering practices for the definition of composite parts and together with related docu-
mentation practices in the Y14 Series will enable full composite part definition.
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e user. Therefore, each user provides appropriate application consistent with the environment in which'iti
e who use this Standard as a requirement for contractual purposes should keep the following facts in

This Standard may be tailored via contractual agreement or documented business requirements to
ficneeds. All users shall take careful note of the potential impacts of tailoring this Standard and provide doy
b of the product definition a map of the changes and relationship to this Standard.

ices that meet their individual needs, but rather to provide common engineering delineation standards
asing interchange of product definition for composite parts among industry, government, and other y

ption. Consequently, the minimum requirements set forth in this Standard will provide them flexibility
ation.

tween 2012 and 2017, the Y14.37 Subcommittee worked diligently €0 address the requirements for c
uct definition in a model-based enterprise, including harmonizationith ISO 10303 for the definition of pl
transformation types used to query the ply orientation at a specific seed point location. Requirements s
posite Limited Length or Area Indicators (LLAIs) were also.added.

e successful creation and release of this Standard is attributed'to the Subcommittee members and their r
banies.

w input from industry, academia, regulatory agen€ies, and the public-at-large.
is Standard was approved as an American National Standard on March 22, 2019.
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It is not the intent of this Standard to prevent individual organizations from using \specific product ¢lefinition
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is Standard is available for public review on a continuing basis. This provides an opportunity for additional public
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CORRESPONDENCE WITH THE Y14 COMMITTEE

General. ASME Standards are developed and maintained with the intent to represent the consensus of concerned
interests. As such, users of this Standard may interact with the Committee by requesting interpretations, proposing

. . 3 - = . . o 3 3 131 13 3
revigroIs O a CdSE, dIta dLLCTIUITE UUIIIIEC TIICCUIIZS. LCOTTESPOIIUCIICE SITOUIA DE aduresscd to.

Secretary, Y14 Standards Committee

The American Society of Mechanical Engineers
Two Park Avenue

New York, NY 10016-5990
http://go.asme.org/Inquiry

Prpposing Revisions. Revisions are made periodically to the Standard to incorporate¢hanges that appear gecessary
or dgsirable, as demonstrated by the experience gained from the application of the Standard. Approved revisiohs will be
publjshed periodically.

THe Committee welcomes proposals for revisions to this Standard. Such proposals should be as specific as|possible,
citing the paragraph number(s), the proposed wording, and a detailed déscription of the reasons for the proposal,
including any pertinent documentation.

Prpposing a Case. Cases may be issued to provide alternative ruleswhen justified, to permit early implemeptation of
an approved revision when the need is urgent, or to provide rules not covered by existing provisions. Cases arq effective
immpdiately upon ASME approval and shall be posted on the ASME Committee web page.

Rdquests for Cases shall provide a Statement of Need and Background Information. The request should identify the
Stanglard and the paragraph, figure, or table number(s), and be written as a Question and Reply in the same format as
existing Cases. Requests for Cases should also indicate\the applicable edition(s) of the Standard to which the proposed
Case| applies.

Attending Committee Meetings. The Y14.Standards Committee regularly holds meetings and/or telephore confer-
encep that are open to the public. Persons wishing to attend any meeting and/or telephone conference should cqntact the
Secretary of the Y14 Standards Committee. Future Committee meeting dates and locations can be found on the Cpmmittee
Page at http://go.asme.org/Y14committee.
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ASME Y14.37-2019

PRODUCT DEFINITION FOR COMPOSITE PARTS

1 SCOPE

This Standard establishes the requirements for composite product definition that are not covered within the existing
ASME Y14 Series of standards.

1.1 ASME Y14 Series Conventions

TH

1.2

(a]
(D)
(¢)
(d|
(e
guid
0

morg

(9]
whe

ment.

13

Cr
follo

(a]
the i
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14
Th

e conventions in paras. 1.1 through 1.10 are used in this and other ASME Y14 standards.

Mandatory, Nonmandatory, Guidance, and Optional Words

The word “shall” establishes a requirement.

The word “will” establishes a declaration of purpose on the part of the design activity.

The word “should” establishes a recommended practice.

The word “may” establishes an allowed practice.

The words “typical,” “example,” “for reference,” or the Latin abbreviation “e.g.” indicate suggestions
ince only.

options for complying with the stated requirement or practice.
The phrase “unless otherwise specified” or UOS shall be used to indicate a default requirement. The phra
1 the default is a generally applied requirement and an exception'may be provided by another document o

Cross-Reference of Standards

pss-reference of standards in text with or without a-date following the standard designator shall be inter]
vs:
Reference to other ASME Y14 standards in thé text without a date following the standard designator indi
ssue of the standard identified in the References section (section 2) shall be used to meet the require
Reference to other ASME Y14 standard$inthe text with a date following the standard designator indicates
issue of the standard shall be used to_meet the requirement.

Invocation of Referenced Standards

e following examples definé the invocation of a standard when specified in the References section (secti

referlenced in the text of this( Standard:

(a
stan
Y14.
spec

(b
only
ASM
engi

When a referenced standard is cited in the text with no limitations to a specific subject or paragraph
lard, the entire standard is invoked. For example, “Dimensioning and tolerancing shall be in accordance w
b” is invoking the'‘complete standard because the subject of the standard is dimensioning and tolerancir
fic subject or-paragraph(s) within the standard are invoked.

When a referenced standard is cited in the text with limitations to a specific subject or paragraph(s) of the
the paragraph(s) on that subject is invoked. For example, “Assign part or identifying numbers in accord:
F Y14.100” is invoking only the paragraph(s) on part or identifying numbers because the subject of the st|
neering drawing practices and part or identifying numbers is a specific subject within the standard.

oiven for

The word “or” used in conjunction with a requirement or a recommendedpractice indicates that there are two or

be is used
require-

preted as

Cates that
ment.
that only

n 2) and

(s) of the
ith ASME
g and no

tandard,
nce with
hndard is

(c

ALl £, Act. | = irad g o ot A s o 1 ot i L d
vV IICT o T e errC et Starttrar G5 CreC o T it te Xt v Ierrotre ot 1t v ORI StatCrere sutas— i attoTraanct

vith,” the

standard is invoked for guidance only. For example, “For gaging principles, see ASME Y14.43" is only for guidance and no
portion of the standard is invoked.

15

Parentheses Following a Definition

When a definition is followed by a standard referenced in parentheses, the standard referenced in parentheses is the
source for the definition.
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1.6 Notes

Notes depicted in this Standard in ALL UPPERCASE letters are intended to reflect actual data set entries. Notes depicted
in initial uppercase or lowercase letters are to be considered supporting data to the contents of this Standard and are not
intended for literal entry in data set. A statement requiring the addition of a note with the qualifier “such as” is a
requirement to add a note, and the content of the note is allowed to vary to suit the application.

1.7 Acronyms and Abbreviations

Acronyms and abbreviations are spelled out the first time used in this Standard, followed by the acronym or abbrevia-
tion in pfrentheses. The acronym IS used thereatter throughout the text.

1.8 Units

The International System of Units (SI) is featured in this Standard. It should be understood that U.S. €ustomary pnits
could eqpally have been used without prejudice to the principles established.

1.9 Figyres

The figures in this Standard are intended only as illustrations to aid the user in understandingthe practices describled in
the text. In some cases, figures show a level of detail as needed for emphasis. In other edses, figures are incomplefe by
intentso ps to illustrate a conceptor facet thereof. The absence of figure(s) has no bearingen the applicability of the sfated
requirenjents or practice. To comply with the requirements of this Standard, actual data sets shall meet the coptent
requirenjents set forth in the text. To assist the user of this Standard, a listidg of the paragraph(s) that refer fo an
illustratjon appears in the lower right-hand corner of each figure. This listing may not be all inclusive| The
absence ¢f a listing is not a reason to assume inapplicability. Some figures ate illustrations of models in a three-dinen-
sional enyironment. The absence of dimensioning and tolerancing annotations in a view may indicate that the prqduct
definition is defined in three dimensions. Dimensions that locate or orient and are not shown are considered basi¢ and
shall be queried to determine the intended requirement. When the\letter “h” is used in figures for letter heights qr for
symbol proportions, select the applicable letter height in accordarnice with ASME Y14.2. Multiview drawings contdined
within figures are third-angle projection.

1.10 Précedence of Standards

The following are ASME Y14 standards that are-basic engineering product definition standards:

4.1, Decimal Inch Drawing Sheet Size-and Format

4.1M, Metric Drawing Sheet Size‘and Format

4.2, Line Conventions and Lettering

4.3, Orthographic and Pictdrial Views

4.5, Dimensioning and Tolerancing

4.24, Types and Applications of Engineering Drawings

4.34, Associated LiSts

4.35, Revision of"Engineering Drawings and Associated Documents
4.36, Surface~Texture Symbols

4.38, Abbreviations and Acronyms for Use on Drawings and Related Documents
4.41, Digital Product Definition Data Practices

4.1005:Engineering Drawing Practices

All otheT ASME-Ft4stamdardsare comnsidered speciatty types o aITdards aIrd Comtai additi
make exceptions to the basic standards as required to support a process or type of drawing.

2 REFERENCES

The following publications form a part of this Standard to the extent specified herein. A more recent revision may be
used provided there is no conflict with the text of this Standard. In the event of a conflict between the text of this Standard
and the references cited herein, the text of this Standard shall take precedence.

ASME Y14.2-2014, Line Conventions and Lettering
ASME Y14.5-2018, Dimensioning and Tolerancing
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ASME Y14.34-2013 (R2018), Associated Lists

ASME Y14.35-2014, Revision of Engineering Drawings and Associated Documents

ASME Y14.41-2012, Digital Product Definition Data Practices

ASME Y14.100-2017, Engineering Drawing Practices

Publisher: The American Society of Mechanical Engineers (ASME), Two Park Avenue, New York, NY 10016-5990
(www.asme.org)

ASTM D6193, Standard Practice for Stitches and Seams
Publisher: American Society for Testing and Materials (ASTM International), 100 Barr Harbor Drive, P.0. Box C700, West

C nehoboclkaon DA 10420 2000 (vnrtnrtnr'\(‘fm nwg)
RSHeReeke T 1790 W W W-aStHi-6+f

CMH}-17, Composite Materials Handbook
Publjsher: SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001 (www.sae.org)

3 TERMS AND DEFINITIONS

The following terms are defined as their use applies in this Standard.

3.1 Adhesive

adhgsive: a substance capable of holding two materials together by surface attachment (CMH-17).

3.2 Annotated Model

anndtated model: a combination of model, annotation, and attributes/that describe a product (ASME Y14.4]1).

33

anndtation: dimensions, tolerances, notes, text, or symbols visjble'without any manual or external manipulatign (ASME

attripute: a dimension, tolerance, note, text, or symbol required to complete the product definition or featyre of the

CMH-17).

ection as

3.9 Braid Angle
braid angle: the acute angle measured from the axis of braiding (CMH-17).

3.10 Braiding

braiding: a textile process where two or more strands, yarns, or tapes are intertwined in the bias direction to form an
integrated structure (CMH-17).

3.11 Composite Material

composite material: a material made by embedding load carrying fibers within an essentially homogeneous resin matrix.
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3.12 Composite Part

composite part: an inseparable assembly of composite material(s) that may include non-composite material(s). See
Figures 3-1 through 3-3.

3.13 Core

core: a component used to separate structural laminates (e.g., face sheets, skins, sandwich faces) that are bonded to it.

3.14 Core Ribbon Direction

core rlbb T UIrecLiorl. dil IIIu1Cdtiul UldU SITUWS UIC UIT'CCLIUIT UT ITIdXITITUIIT STIEdD ST ﬁllgul diIlu 1 1glu1L_y dlUllg CITE COITCITUOUS
webs of material.

3.15 Cufe
cure: to change the properties of a thermosetting resin irreversibly by chemical reaction. Cure may be' agcomplish¢d by
addition fof curing agents, with or without catalyst, and with or without heat and pressure (CMH;17).
3.16 Enf Item

end item{ an item, such as an individual part or assembly, in its final or completed state-(ASME Y14.24).

3.17 Fapric, Nonwoven

fabric, nonwoven: textile structure produced by bonding or interlocking of fibers, or-both, accomplished by mechanical,
chemical| thermal, or solvent means, and combinations thereof (CMH-17).

3.18 Fapric, Woven

fabric, wgven: a generic material construction consisting of interlaced‘yarn or fibers, usually a planar structure.|Spe-
cifically, ¢loth woven in an established weave pattern from advanced-\fiber yarns and used as the fibrous constituentfin an
advanced composite ply.

3.19 Fiber Orientation Array

fiber orieptation array: an array of discrete locations on‘thelaminate reference surface used to define the primary (e.g., 0°)
and/or spcondary (e.g., 90°) fiber orientation directions.

ment Winding

inding: a reinforced-plastics pracess that employs a series of continuous, resin-impregnated fibers appliegl to a

hoop ply:|a ply laid on‘aspinning form where the desired ply orientation angle is perpendicular to the axis of rotation

item: a nonspecific term used to denote any unit or product, including materials, parts, assemblies, equipment, acces-
sories, and computer software (ASME Y14.100).

3.24 Laminate

laminate: the product resulting from the uncured buildup of two or more ply levels of material. See Figure 3-4.
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Laminate Layup Direction

laminate layup direction: a vector direction in the model indicating the side of the laminate reference surface that the
laminate grows from. The vector direction indicates the side of the laminate reference surface coinciding with the
geometric location of the solid representing the end item.

3.26

Laminate Reference Surface

laminate reference surface: the representative surface in the model defining the start of the laminate (e.g., the first ply or

100)].

Y14.100.

gure 3-4.

(e.g. ply

vithin the

inatable

item in the stackup).

NOTETThIS 15 usually the same as the tool side surrace.

3.27| Model

model: the portion of the dataset that contains model geometry and supplemental geometry (ASME Y14.41
3.24 Part

partjone item, or two or more items joined together, that is not normally subject to disassembly without destrjuction or
impdirment of designed use [e.g., transistor, composition resistor, screw, transformer,‘ahd gear (ASME Y14
3.29 Ply

ply: pne discrete piece of manufactured material (e.g., fabric, tape, adhesive film). See Figure 3-2.

3.30 Ply Drop-Off

ply drop-off: any terminating edge of a ply that does not correspoiid with the edge of the part.

3.31] Ply Identification

ply identification: a temporary identification that is not a part'or identifying number in accordance with ASME
3.32 Ply Level

ply lgvel: the relative position from the tool surface,of one or more discrete materials or plies in a laminate. See F
3.33 Ply Orientation

ply drientation: angular direction of the reinforcing fiber within a laminate relative to a coordinate system
orieJtation symbol, rosette, or axis).

3.34 Ply Orientation Symbol

ply drientation symbol: grapHical presentation of the ply orientation coordinate system or rosette.

3.35 Ply Stackup Schematic

ply stackup schematiciagraphical diagram presentation of the ply level relationship of each ply and other items y
lamipate and the(relative location of ply drop-offs. See Figure 3-2.

3.3 Ply Table

ply tabletagraphical presentation of ply and item data elements applicable to a composite part using annotation
format)See Figure 3-5.

3.37 Preform

preform: an assembly of dry fabric and fibers prepared for one of several wet resin injection processes.

3.38 Prepreg

prepreg: ready to mold or cure material in sheet form that may be tow, tape, cloth, or mat impregnated with resin (CHM-

17).
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3.39 Presentation State

presentation state: a retrievable collection, or set, of model display elements arranged for formal display to the viewer
(e.g., saved views, viewing orientation, assembly component configurations including selective display of components,

section views, detail views, broken-out views, exploded condition, and geometry display methods including appeara

3.40 Rosette

rosette: a ply orientation coordinate system with an associated ply orientation transformation type.

3.41 Seed Point

nce).

seed poinjt: a reference point at which the ply orientation direction is determined by the associated ply orientatiorll, ply

orientatipn coordinate system, and the ply orientation transformation type. (i.e., the origin of the ply orientation sy
or locally transferred ply orientation symbol).

3.42 Sefjuence

sequence] denotes a sub-bond configuration (e.g., grouping of plies) for design definition and clarity. Also used to d
the manyfacturing process (e.g., tie groups of plies to specific tooling or process methodologies).

3.43 Tape

tape: A material with fibers all in one direction, usually a prepreg.

3.44 Tool Side Surface

tool side |surface: the surface of the part adjacent to the tool surface. See‘Figlre 3-2.

3.45 Tool Side View

tool side iew: a view of the ply definitions with a viewing directionloeking through the part towards the tool side sut
See Figufes 3-1 and 3-2.

346 T

tow: an upntwisted bundle of continuous filaments. Commonly used in referring to man-made fibers, particularly cal
and graphite fibers in the composites industry (CMH-17).

3.47 Vertor Product

vector prpduct: in mathematics and vector.algebra, the vector product (or cross product) is a binary operation on]
vectors il three-dimensional space. Giventwo linearly independent vectors a and b, the vector product is a vector t
perpendicular to both a and b and therefore normal to the plane containing them.

mbol

pfine

face.

rbon

two
hat is
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Figure 3-1 Ply Definition
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Figure 3-3 Exploded View of -101 From Figure 3-1

312

6.1

8.2

F1

Explodad View of -101

GENERAL NOTE: Figure is used to clarify the physical structure of a composite part and is not intended to imply detailed requirements for

representation of ply data.
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Figure 3-4 Composite Part Process
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Figure 3-5 Ply Table For:*101 From Figure 3-1
-101 B@HD ASSEMBLY
PLY LEVEL PLY /TEW ORENTATION MATERIAL
1 P1 0* 10745
1 P2 0* 10745
2 P3 0* 10721
3 P4 45° 10721
3 PS 0 10721
5 P& 45 10721
6 P7 -45° 10679
7 -103 CORE
8 P8 -45° 10679
= pe 2o 5724
10 P10 0* 10721 336
11 P11 45F 10721 13
12 P12 0* 10721 91
9.3
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4 PART IDENTIFICATION

Assign a Part or Identifying Number (PIN) in accordance with ASME Y14.100. A PIN is not required for individual plies.
For ply identification, see para. 7.1.
5 PARTS LIST REQUIREMENTS

Prepare parts list in accordance with ASME Y14.34. Material for each ply of the part may be specified in the NOTES
column by reference to the ply table such as SEE PLY TABLE.

6 COMROSITE PART DEFINITION REQUIREMENTS

ASME ¥14.41 requirements for product definition apply. In context of this Standard the term “model” shall'be g¢ner-
ically used to refer to a model or annotated model (as defined by ASME Y14.41). In addition, the following requirenfents
apply to [composite part definition:

(a) Composite product definition shall use one of the following classification codes from ASME Y14:100: 1, 2, 3,|or 5.

(b) Mqdel requirements apply only to classification codes 3 and 5 (ASME Y14.100), unless{otherwise specified.

(c) For classification codes 2 and 3 per ASME Y14.100, composite product definition createdor shown in the mode]l and
subsequgntly shown on the drawing graphic sheet shall not conflict.

6.1 Common Requirements

Compdsite product definition data set requirements shall include

(a) allldata necessary to completely define the part.

(b) idéntification of the tool side surface(s).

(c) complete surface definition(s) to define the envelope of the part.including dimensioning and tolerancing.

(d) a part representation in the end item condition including variations due to ply drop-off, core shape, etd See
Figure 3{1.

(e) plyf orientation symbol(s) per para. 6.1.1.

(f) ply| orientation determination at a local seed point per.para. 6.1.2.

(g) complete ply definition per section 7. See Figures 3~}“and 3-2.

(h) supplementary views and ply stackup schematic(s) as required. See section 8 for ply stackup schematic require-
ments. S¢e Figures 3-2 and 3-3.
otation, attributes, or both, as defined in this Standard to provide complete and unambiguous definition f the

(k) idgntification of the intended manufacturing process (e.g., hand layup, automated fiber or tape placement, pyltru-

ly Orientation Symbol. See Nonmandatory Appendix A for recommended dimensions and proportions| The

origin of the.ply orientation symbol shall be defined by the intersection of the 0° axis and the orientation
vectors df the symbol-and shall be coincident with the origin of the associated ply orientation coordinate systg¢m.

(c) For parts-defined using classification code 2, 3, and 5 per Y14.100, the 0° axis and orientation vectors shdll be
aligned tg acoordinate system, such that the 0° axisis aligned to the Xdirection vector of the coordinate system and th 90°
axis is al gnPd to the Y direction vector of the coordinate system

(d) When more than one ply orientation is required, annotations or attributes shall be used to differentiate the ply
orientation symbols. See Figure 7-2.

(e) Each ply orientation symbol should have an associated ply orientation transformation type. See para. 6.1.2.

6.1.2 Ply Orientation Query at Local Seed Point. Unless otherwise noted below, the queried direction of the reinfor-
cing fibers atalocal seed point (i.e., any location inside an edge of ply) shall be determined by the specified ply orientation
of the ply and application of the ply orientation transformation type (see paras. 6.1.2.1 through 6.1.2.5) associated to the
ply orientation symbol associated to the ply.

If a ply orientation transformation type is not specified in the dataset, the following requirements apply:

10
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(a) Thefiber orientation of the ply shall be applicable only within the plane of the ply orientation symbol defined by the
0° axis and orientation vectors. Any queried ply orientation value at a location outside of the applicable plane shall be
reference only.

(b) Iftheplyorientation symbolis notlocated in a planar region of the part, the ply orientation symbol associated to the
ply shall be located inside the edge of the ply and the fiber orientation specified by the ply shall be applicable only at the
origin of the ply orientation symbol. Any queried ply orientation value at any other location of the part surface shall be
reference only.

6.1.2.1 Ply Orientation Transformation Type 1: Standard (Cartesian) Orientation. This transformation type is suit-
able for most geometries, See Figure 6-1
For part geometries with complex curvatures, other rosette types or multiple rosettes may be required to defipe the ply
orientation requirements for the part. For example, part geometries where one or more surface features are at oy near 90°
to others (e.g., flanges or other bend geometry). Additionally, an engineering allowance may be mdde for lpcal fiber
deviations. See para. 6.4(b).
Ply orientation transformation type 1 requirements for the associated local ply orientation coordinate systg¢m are as
follows:
(a) The local Z orientation shall be a vector normal to the ply surface at the local seed\point.
(b} The local Y orientation shall be computed using the vector product of the local'Z erientation vector and the X
orientation vector of the rosette coordinate system.
(c] Thelocal X orientation shall be computed using the vector product of the local ¥ orientation vector and the local Z
orientation vector at the local seed point.
(d} Thelocal fiber orientation of the ply at the local seed point shall be determined by adding the assigned ply orienta-
tion fingle (para. 3.33) asarotation angle around thelocal Zvector in the dir€ction from the local X orientation vedtor to the
locall Y orientation vector. See Figure 6-1.

.1.2.2 Ply Orientation Transformation Type 2: Orientation Guided by Curve. This transformation type i suitable
for chirved or tubular geometry where it is desired for the primaryfiber orientation to follow the path of the curvie or tube.
See Figures 6-2 and 6-3.

Ply orientation transformation type 2 requirements for the associated local ply orientation coordinate systg¢m are as
follopvs:

(a) The guide curve shall be identified using annotation, an attribute, or both.

(b} The guide curve shall be represented using supplemental geometry.

(c] The guide curve shall be associated to the-ply orientation symbol.

(d} The local Z direction shall be a vecter.normal to the ply surface at the local seed point.

(e] The local Y orientation vector shall be computed by the vector product of the local Z orientation vecfor and a
referlence X direction vector.

(f) The reference X direction vector'shall be tangent to the guide curve at a point computed by projection of the local
seed|point to the guide curve, ifi the direction orientation specified by the rosette X direction.

(g) Thelocal X orientation Vegtor shall be computed by the vector product of the local Y orientation vector and the local
Z orjentation vector.

(h} Thelocal fiber orientation of the ply at the local seed point shall be determined by adding the assigned ply orienta-
tion pngle (para. 3.33)'as a rotation angle around the local Z vector in the direction from the local X orientatipn vector
towdrd the local ¥ orientation vector.

()] An angle«attribute may be identified to the guide curve to specify a fiber orientation other than 0° as the tangent
diregtion. Thegrimary direction (X) is then computed creating a vector at the specified angle from the tangent tolthe guide
curvg, folowing the same rotational direction going from X toward Y, around the Z axis (See Figure 6-3).

Ply orientation transformation type 2.1: orientation guided by multiple curves. See para. 6.1.2.4.

6.1.2.3 Ply Orientation Transformation Type 3: Polar (Radial). This transformation type is suitable for generally

spherical geometry. The primary fiber orientation direction is always set in the direction of translation, or radial from the
center of the part. See Figure 6-4.

Ply orientation transformation type 3 requirements for the associated local ply orientation coordinate system are as
follows:

(a) The rosette origin and the Z vector shall define the center of rotation of the ply orientation coordinate system.

(b) The local Z direction shall be a vector normal to the ply surface at the local seed point.

(c) Thelocal X orientation direction shall point outward in the radial direction and shall be defined as a vector tangent
to the surface at the local seed point.

11
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(d) Thelocal Y orientation is the resulting vector product of the local Z direction and the local X orientation direction.

NOTE: Type 2 could be used to accomplish the same transformation results, by specifying a 90° guide curve (see Figure 6-3).

6.1.2.4 Ply Orientation Transformation Type 4: Fiber Orientation Array. This transformation type provides refined
control across the entire laminate reference surface. See Figure 6-5. The following requirements apply:
(a) The fiber angles shall be defined only at the discrete locations in the array.
(b) A suitable interpolation scheme shall be used if the ply orientations need to be queried in-between locations.
(c) The array may be comprise one of the following:
(1) rosettes
(2) Buide curves
(3) points and vectors

6.1.2.5 Ply Orientation Transformation Type 5: User Defined. User-defined transformations shall be defined ih the
data set directly or by reference to associated documentation to define the transformation. The organization shall main-
tain the ¢lefinition of the user-defined transformation.

6.2 Model Requirements

In addjtion to common requirements in para. 6.1, the following requirements apply:
(a) Thie model or annotated model shall contain a representation of the end item.
(b) Thie tool side surface shall be identified using annotation or an attribute.

(c) Every ply shall be presented at least once in one or more saved views or pfesentation states, which should be
created lpoking through the part to the tool side surface (i.e., as if the viewer is looking at the part on the tool from abpve).
An equivalent methodology clearly depicting the part and ply arrangement,siich as detail views, section views, brqken-
out sectipns, or other methods may be used.

(d) A saved view shall be defined presenting all ply geometry.

(e) The laminate layup direction shall be represented using supplemental geometry.

(f) Th¢ laminate layup direction shall be defined as an attribuite.

NOTE: Th¢ laminate layup direction is typically the surface normal direction of the laminate reference surface but may be the inyerse
direction.

(g) Thee ply table data should be presented in table forfiyas annotation or available in table form by query. The ply fable
may be dttached as a supplemental document to the_data set.
(h) Cofre ribbon direction, when presented in the-model shall use supplemental geometry and be included in at|least
one prespntation state. See Figure A-2 for recommended size and form of the core ribbon direction geometry.
(i) Cote ribbon direction shall be defined as an attribute.
() A gly stackup schematic is optiopakin the model if one or both of the following is true:
(1) Eachplyisrepresented atitsptominal location in space relative to other plies in the laminate (e.g., using a suiface,
bounded|volume, or solid representation for each ply). See para. 7.2.3.
(2) An exploded presentation-of the laminate is provided.
(k) If 3n exploded presentation of the laminate is provided, a presentation state shall be provided for the explpded
presentation. See Figure 3-3.

6.2.1 Ply Orientation Symbol. The model requirements for a ply orientation symbol are as follows:

(a) Eafh ply orjentation symbol shall be represented in the model using supplemental geometry (e.g., coord|nate
system, dxes, wireframe, planes, vectors, surfaces, solids, or volumes).

(b) Thie supplemental geometry shall be grouped together.

(c) The supplemental geometry shall be annotated to clearly identify the primary orientation vectors (e.g., 0°, $45°,
-45°, 90%-

(d) Ifapplicable, the ply orientation transformation (para. 6.1.2) type shall be associated to the ply orientation symbol
by an attribute.

(e) Each ply orientation symbol shall be shown in at least one presentation state.

6.2.2 Ply Orientation Transformation Type. No model specific requirements apply to the ply orientation transforma-
tion type.

12
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Drawing Graphic Sheet Requirements

In addition to the common requirements specified in para. 6.1, the drawing graphic sheet shall contain as a minimum
the following:
(a) atoolsideview per para. 3.45: see Figure 3-1.Inlieu ofatool side view, an equivalent methodology clearly depicting
the part, such as breakout views, section cuts, or other methods may be used.
(b) one or more ply stackup schematics (para. 3.35) as needed to present each ply at least once, relative ply drop-off
locations, and an indication of the tool side surface. See section 8 for ply stackup schematic requirements.
(c) a ply table per para 3.36: see sectlon 9 for ply table requ1rements For ASME Y14 100 Cla551f1cat10n codes 2 and 3,
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the core rlbbon dlrectlon when presented on the drawmg graphlc sheet shall be 1dent1f1ed on the tool
b a core ribbon direction symbol (see Figure 3-1). See Figure A-2 for recommended size and form ofithe'co
tion symbol.

8.1 Ply Orientation Symbol. In addition to the requirements in para. 6.1.1, the following réguirement
The ply orientation symbol shall be depicted in the tool side view.

8.2 Ply Orientation Transformation Type. No drawing graphic sheet specific requirements apply to the pl
transformation type.

Limited Length or Area Indicators (LLAIs) for Composite Product Definition

LLAI may be used to define a specific region of the part with unique characteristics or requirements. The
irements for a composite LLAI is as follows:
Each composite LLAI shall have an identifier.
Each LLAI shall have a specified type (see para. 6.4.1). The typé-may be specified via attribute, nami}
tation, native CAD feature specific to the LLAI type, or other similar method.
Each LLAI shall have a geometric representation defining aregion or area of the part. The geometric repre
use supplemental geometry or bounded region. The supplemental geometry shall be grouped togethsg

d documents (see para. 6.4.1).

Each LLAI shall specify the specific entity or entities to which it applies [e.g., part(s), ply table(s), ply level
s), or material(s)].

Each LLAI shall be shown in at least one'saved view or presentation state.

1.1 Composite LLAI Types. The followinglist of LLAI types represents commonly used composite product
ents. Absence of a specific LLAI type should not be considered as noncompliance to this Standard.
commended minimum specifications and attributes per LLAI type are as follows:

bvels between repeated splice locations.
Butt Splice Area. Speeify-the minimum gap, maximum gap, stagger distance between splices, and num
5 between repeated Splice locations.
No Splice Area. Specify local areas of the part, specific ply levels, orientations, and/or materials that m
pd.
Fiber Orientation Angle Tolerance Deviation Area. Specify the allowed angular deviation (e.g., #10°).
Surface’ Parosity Allowance Area. Specify the allowed void size, density, and spacing between voids.
Ply Drop“Off Stay Out Area (e.g., Faying Area, Interface Area). Specify flatness, surface roughness, or othd

Each LLAI shall have appropriate requirements associated to it via attributes, notes, annotations, GD&T|,

he model.

side view
e ribbon

applies:

 orienta-

common

g, notes,

sentation

a

Oor asso-

s), ply(s),

lefinition

Overlap Splice Area. Specify-the’overlap direction, overlap width, stagger distance between splices, and number of

ber of ply

by not be

r specific

ce profile tolerance requirements.

(9

Stirface Preparation Area (e.g., Secondary Bonding, Electrical Grounding, Sacrificial Machining). Specifly surface

preparation processes and attributes required to meet secondary bonding, electrical conductivity, or mating condition

requ

irements.

(h) Potting Area (Volume, Bounded Region). Specify potting material, processing, and fabrication tolerances.
(i) Darting Area. Define dart shape, locations, and types. Define any regions where darting is not allowed.

0

Perforation Area. Specify hole size, shape, and pattern.

(k) Ply Wrinkle Allowance Area. Specify allowed amplitude and magnitude of ply wrinkles (e.g., height and length)

0

Stitching Area. Specify thread material, seam type, stitch type, and stitch density per ASTM D6193.

(m) Strategy Point. For hand layup, specify location point to begin ply draping and smoothing. Specify smoothing/
draping methodology. For automated layup, specify initial course start points for each ply level. Points may be stored in a
dedicated LLAI or as part of the ply definition.
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(n) Guide Curve. For automated layup, specify initial fiber orientation path.

(o) Edge Sealing. Specify sealing requirements for exposed trim edges.

(p) Core Sample (1SO 10303-242 “Point Zone”). Specify ply count, ply materials, thickness, laminate code, or local ply
table stackup at a specified point location.

(q) User Defined. For composite LLAI types not defined in this Standard, define complete definition and specifications
as needed.

14
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Figure 6-1 Type 1 Rosette

THIS ON THE DRAWING:

D ROSETTE A-«TYPE 1 ROSETTE TRANSFORM PER ASME Y14.37

MEANS THIS:
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Figure 6-2 Type 2 Rosette With 0° Guide Curve

THIS ON THE DRAWING:

GUIDE CURVE -0°

D ROSETTE A-+TYPE 2 ROSETTE TRANSFORM PER ASME Y 14237

MEANS THIS:

GUIDE CURVE -0°

GUIDE CURVE -0° R
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Figure 6-3 Type 2 Rosette With 90° Guide Curve

THIS ON THE DRAWING:

GUIDE CURVE - 90°

"""""""
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Figure 6-4 Type 3 Polar Rosette

THIS ON THE DRAWING:

D ROSETTE A= TYPE 3 ROSETTE TRANSFORM PER ASME
Y14.37

MEANS THIS:

6.1.23
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Figure 6-5 Type 4 Rosette Array

THIS ON THE DRAWING:

Phy P1 through P2
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7 PLY DEFINITION REQUIREMENTS

7.1 Common Requirements

Ply definition requirements shall include the following:

(a) ply level (see para. 7.1.1)

(b) ply/item identification (see para. 7.1.2)

(c) ply representation [(geometry, size, and location) see para. 7.1.3]
(d) ply orientation (see para. 7.1.4)

(e) material (see para, 7.1.5)

(f) usdr-defined attribute(s) included by the terms of a contract or business requirement

7.1.1 Rly Level. The requirements for ply level are as follows:

(a) Earhplylevel encompassesall the pliesand itemslaid in the same layer of the laminate prior to beingcovéred ¢
fully or partially by another ply or item.

(b) Thie entire list of ply levels per part shall be in ascending order.

7.1.2 Rly/Item ldentification. The requirements for ply/item identification are as follows?

(a) Earh ply shall be identified uniquely within a part with a separate ply identification regatdless of configurati
orientatipn. See para. 3.31.

(b) An embedded item included in the laminate shall be identified with the itemsidentifier.

7.1.3 Ply Representation (Geometry, Size, and Location). The requirements foryply representation are as fol

(a) Thie definition of each ply shape shallinclude clear indications of the edges 6f each ply within the laminate, incly
internal futouts and outside perimeter.

(b) Ply location within the laminate shall be specified via the ply level."See Figures 3-1 through 3-5.

(c) Depeloped ply flat patterns may be included in the data set. Use.ef\flat patterns may be defined by the term:
contract pr business requirement.

7.1.4.1 Ply Orientation for Materials Without Reinforcing Fibers. For materials without reinforcing fibers

adhesive|films or surfacing films), each ply shall have a, ply orientation such as “optional”, “none”, “—”, or “NA”
applicable) specified.

ither

bn or

OWS:

ding

of a

(e.g.
(not

7.1.4.2 PlyOrientation for Materials With Reinforcing Fibers. For materials with reinforcing fiber, the requirenents

for ply ofientation are as follows:

(a) Eath ply shall have a ply orientation defined.

(b) Plyorientationvalues shall be definedbetween —180° to +180°. If control of the ply orientation is not required,
orientatipn such as “optional” or “ngne”’may be specified.

(c) Theallowable ply orientatiomrangle tolerance shall be defined in relation to the ply orientation symbol. No toler
shall be applied to the ply orientation vectors.

(d) Eafh ply shall be assgciated with a ply orientation symbol.

(e) Fof tape plies, ply.6rientation refers to the fiber direction.

(f) Foi woven fabrie.pliés, ply orientation refers to the warp direction.

7.1.4.3 Ply Orientation for Items. For embedded items (e.g., cores, precured parts, inserts, metallic parts)]
requirenient foryply’ orientation are as follows:
(a) Ttgms without a required orientation (e.g., items with isotropic material properties) should have an orient

» o«

specified|stiehi"as “optional”, “none”, “ or “NA”; or the orientation may be unspecified.

a ply

ance

, the

htion

have an orientation specified. See requirements in para. 7.1.4.2.

7.1.5 Ply Material. The requirement for ply material is that each ply shall have a material identified.

7.2 Model Requirements

In addition to common requirements in para. 7.1, the requirements in paras. 7.2.1 through 7.2.5 apply.

ould

7.2.1 Ply Level. The model requirement for ply level is that each ply shall have an associated ply level attribute.

7.2.2 Ply/Item Identification. The model requirements for ply/item identification are as follows:
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(a) Each ply shall have an associated identification attribute.
(b) Each item in the stackup shall have an associated identification attribute.

7.2.3 Ply Representation (Size, Location, and Geometry). The model requirements for ply size and locati
follows:

(a) Ply size and location shall be defined by its geometry and associated data.

(b) Ply geometry shall be represented using one or more of the following methods:

on are as

(1) solid or volumetric (bounded volume region) representation of the nominal ply shape positioned in its relative

nominal position within the laminate.

(a) Each ply shall have an associated material attribute.
(b} The material shall be represented in the ply attributes using one of the following methods:
1) Dynamically link material specification to the ply.
2) Embed a static derivative of the material specification as a user-defined attribute associated to th|

7.3 Prawing Graphic Sheet Requirements

Infaddition to common requirements in para. 7.1, the requirements.in paras. 7.3.1 through 7.3.5 apply.

7.3.1 Ply Level. The two-dimensional (2D) drawing graphic sheét requirement for ply level is as followk:

(a) Ply level on a drawing graphic sheet shall be defined via.the ply table (section 9) and on at least one pl
schematic (section 8).

7.3.2 Ply/Item Identification. The 2D drawing graphiesheet requirements for ply/item identification are a
(a) All plies and items for the part shall be defined in the ply table view.
(b} Where identified in additional views, it is met necessary to append the ply/item identifiers with “ref

7.3.3 Ply Representation (Geometry, Size; and Location). The 2D drawing graphic sheet requirement for pl
location is as follows:

(a) Edges of the plies shall be specified using one or more text with arrow leaders pointing to the edges wi
identification. See Figure 3-1.

7.3.4 Ply Orientation. The 2D drawing graphic sheet requirements for ply orientation are as follows:

(a) The ply orientation shall,be defined in the ply table view.

(b} The ply orientation shall be associated to the ply orientation symbol presented in the ply table, tool sid
both|

(c] The ply orientation symbol shall be presented in the tool side view.

(d) The zero degree axis and orientation of the ply orientation symbol, either positive or negative, or both
presgnted. See Figure 7-1.

(e] The alloWable orientation tolerance deviation of the plies from the ply orientation symbol shall be f
diregtly orby reference. No tolerance shall be applied to the ply orientation symbol vectors.

()| Eacly’ply orientation symbol shall be identified to differentiate them from each other when more tha

licable to

t one ply

attribute

e ply.

D .

i stackup

5 follows:

”

 size and

h the ply

E view, or

, shall be
resented

L one ply

orientation cyml‘\n] is rnqnirnﬂ See pignvnc 7.2 and 9.1

7.3.5 Ply Material. The 2D drawing graphic sheet requirement for material is as follows:

(a) Each ply shall have a material identified via the ply table directly or by flag note to associated documentation.

21


https://asmenormdoc.com/api2/?name=ASME Y14.37 2019.pdf

ASME Y14.37-2019

Figure 7-1 Example Ply Orientation Symbols

0
-45°
90° 90°
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135° 45
ap°
o o*
6.1.1
734

22



https://asmenormdoc.com/api2/?name=ASME Y14.37 2019.pdf

ASME Y14.37-2019

Figure 7-2 Multiple Ply Orientation Symbols

Oc

6.1.1

734

GENERAL NOTE:

See Figure 9-1 for ply table with multiple orientation symbols.
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8 PLY STACKUP SCHEMATIC

8.1 Common Requirements

The requirements for a ply stackup schematic are as follows:

(a) A ply stackup schematic has no scale and shall be so noted.

(b) Each ply and item shown shall be identified individually or in a callout listed in the order they are stacked in the
laminate.

(c) Other items shall be depicted within the ply stackup schematic through representation of the geometric shape. See
Figure 3-2

(d) One or more ply stackup schematics shall be provided, as required to present every ply or item in the lamingte at
least once. See Figures 3-2 and 12-4.

(e) Thp tool side surface(s) of the laminate(s) shall be labeled.

8.2 Model Requirements

The mpdel requirements for a ply stackup schematic are as follows:

(a) Earh ply stackup schematic shall be shown in at least one presentation state.

(b) Earh ply or item presented in the schematic shall be represented with supplemental’geometry. For exarpple;
wireframle, surface, shaded bounded areas, or bounded areas with section lining per ASME Y14.3 or other fill paftern.

8.3 Drawing Graphic Sheet Requirements

The dijawing graphic sheet requirements for a ply stackup schematic are-as.follows:

(a) Eafhply oritem presented in the ply stackup schematic shall be represéntéd with solid lines or bounded areasfwith
fill pattefns (e.g., section lining per ASME Y14.3).

(b) Earh ply stackup schematic shall have an associated drawing %iew.

(c) Segtion views and section view callouts shall be defined per ASME Y14.3 to indicate the region of the parfrep-
resented|by the ply stackup schematic.

9 PLY TABLE

9.1 Common Requirements

The ply data elements listed in paras. 9.1.1 and\9.1.2 shall be able to be presented in a table format upon query df the
data set [see Figure 3-5).

9.1.1 Required Ply Table Data Elements

(a) part identifier with optional part-homenclature
(b) ply level
(c) plyj/item

(1) ply identification

(2) ldentification number of embedded item(s)
(d) ply orientation
(e) mdterial

9.1.2 Additional Ply Table Data Elements. The following fields for any additional information shall be add¢d as
required|to adequately define the configuration:
(a) ply oriéntation symbol identifier: when more than one ply orientation symbol identifier is used in the parf, the
associated ply orfentation Symbol for each piy/Item i the piy table shall be tdentifted See Figure 9-2-
(b) user-defined fields (e.g., sequence/kit, splice control, revision letter, ply thickness, notes).

9.2 Model Requirements

A ply table is optional for a model. If a ply table is used, the requirements are as follows:

(a) The information presented in the ply table shall not conflict with the model ply definition attributes defined per
para. 7.2. See Figure 9-1 for an example.

(b) Each ply table shall be shown in at least one presentation state.
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9.3 Drawing Graphic Sheet Requirements

The drawing graphic sheet requirements for a ply table are as follows:

(a) A separate drawing view shall be created for each ply table on the drawing graphic sheet. See Figure 3-5.
(b) For classification codes 2 and 3 per ASME Y14.100, the ply data elements presented on the ply table on the drawing

graphic sheet shall not conflict with the ply data elements defined in the model.

Figure 9-1 Ply Table in an Annotated Model
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Figure 9-2 Ply Table With Multiple Orientation Symbols

-1 BOND ASSEMBLY
PLY LEVEL PLY /ITEM ORIENTATION PLY gsﬁggjﬁﬂom MATERIAL
1 P1 0° A 10721
2 P2 +45° A 10721
3 P3 -45° A 10721
4 P4 90° A 10721
5 P5 0° B 10721
6 P6 +45° B 10721
7 P7 -45° B 10721
8 P8 90° B 10721
9 P9 0° c 10721
10 P10 +45° c 10721
11 P11 45° cC 10721
12 P12 90° c 10721
9.1.2
10 OPPDSITE PARTS
10.1 Conmon Requirements
The reguirements foryopposite parts are as follows:
(a) Anjopposite composite part shall be geometrically symmetrical, including ply geometry, ply level, ply orients
and end ftem trind,
(b) If the parts are not completely symmetrical, both parts shall be completely defined.
(c) ThE telationship between the parts shall be defined in the datasets and associated administrative data.

(d) Theoppusite partmay bedefimed by Teference tothre prime part via motatiomr suchras #PART H#H1SANE)

tion,

(ACT

OPPOSITE OF #PART 2#. THE PART AUTHORITY DEFINITION RESIDES IN #PART 1# AND IS APPLICABLE TO THE PRIME
AND OPPOSITE PARTS.
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10.2 Model Requirements

Model requirements for opposite parts are as follows:
(a) A dataset for both prime and opposite parts shall be provided.
(b) Complete ply definition and solid part representation shall be provided in the opposite part.

10.3 Drawing Graphic Sheet Requirements

Drawing graphic sheet requirements for opposite parts are as follows:

(a) Presentation of symmetrically opposite parts should be separate definition in separate drawing graphic sheets or
viewF.
(b} The SHOWN and OPPOSITE nomenclature method shall be used when separate definitions are notusef and the
syminetrically opposite parts are presented in the same view. See Figures 10-1 and 10-2.

(c] For opposite parts, the ply orientation symbol shall be mirrored and each PIN shall be entened ih a ply table to
item|ze the plies for both parts. A note specifying that the ply orientation symbol is mirrored for the'épposite payt shall be
used| For example THE PLY ORIENTATION SYMBOL IS MIRRORED FOR THE OPPOSITE PART.

(d} The ply orientation symbol may be used in the ply table in place of the note. See_Eigures 10-1 and [L0-2.

Figure 10-1 Opposite Ply Orientation Symbol
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Figure 10-2 Opposite Part in Same View

THIS ON THE DRAWING

PaT| Bk | Py | oriEnT e
A 1 P1 o°
2 P2 +45° (

a0”
%‘ 3 P3 -45° [
o 4 P4 90° (
o 2 1 P1 o ¢
) 2 P2 +45° ¢
—§ 3 P3 -4595(
4 P4 90° ¢

-1 SHOWN
-2 OPPOSITE

MEANS THIS

PLY ORIENTATION FOR PLY 2

11 REVISIONS
Revisigns_shall be prepared in accordance with ASME Y14.35M.

12 MANUFACTURING PROCESS REQUIREMENTS

Composite parts are highly dependent on the manufacturing process utilized. Process parameters such as cure and post
cure cycles, splices and darts, orientation deviation, temperature ramp rate, thermal soak cycles, vacuum, pressure,
material conditioning, and manufacturing environment can all have significant impact on the end product performance.

Because verification of end products can yield incomplete information as to proper fabrication, the following applies:

(a) The process parameters shall be defined directly (i.e., as annotations, attributes, or both) in the annotated model,
drawing graphic sheet, associated list, or by reference to an associated process specification.

(b) The intended manufacturing process shall be identified in the product definition data set.
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Paragraphs 12.1 through 12.6 define exceptions and additional requirements that are specific to a manufacturing

proc

12.1

ess. Unless otherwise stated, the requirements in sections 4 through 11 shall apply.

Braiding

The braiding process creates a preform or final shape. One or more preforms are then placed in layers in a mold, resin
infused, and cured. Preforms may be stitched (or stabilized in some other way) to hold their shape or positional relation-
ship to other preforms. A commingled preform may contain thermoplastic fibers and may be consolidated by elevated
temperature and pressure without resin injection.

The requirements for braided parts are as follows:

(a]
(b]
(CJ
usin
12
levell
(a]
(b]
(CJ
12
by r
(a]
(b]
(CJ
12
shall

12.2
Sp

The number of ply levels shall define the number of preform layers or number of layers in the final
Stitching shall be represented with supplemental geometry and per ASTM D6193. See para. 6,4.1(1).
Stabilization methods, other than stitching, shall be defined directly or by reference to associated docun
b supplemental geometry, annotation, flag notes, attributes, or combination thereof.

1.1 Ply Definition Requirements for Braided Parts. In addition to ply definition requirements in section 7
(i.e., preform or layer) shall define
the braid configuration (e.g., biaxial or triaxial)
the braid angle
tension

1.2 Model Requirements. The following shall be defined as attributes or material attributes in the model d
bference to associated documents:

the braid configuration for each ply level
the braid angle for each ply level
tension for each ply level

1.3 Ply Table for Braiding. In addition to ply table requirements in section 9, paras. 12.1.1(a) through
be specified for each ply level in the ply table or by réference to associated documents.

Compression Molding

ecific areas or zones of the mold shall be identified when different size or length of fibers is required

12.3

(a]
(b)
shall
prov
MAT
MAT

12.4 Filament Winding

(a]
(b
genel

(¢

Fiber and Tape Placement

Allowable gaps and overlaps between tows and bands shall be defined.

Ply geometry shall be defined sugh that minimum course length is accounted for in the design, or the ply
be defined without accommedations for minimum course length and a note similar to the following
ided: PLY DEFINITIONS DO'NOT ACCOUNT FOR MINIMUM COURSE LENGTH FOR FIBER PLACEMENT
ED TAPE LAYING MACHINE OPERATIONS. MANUFACTURING MAY ADJUST PLY DEFINITIONS AS NEEDE
ERIAL.

The ply orientation symbol shall be oriented with 0° in relation to the tool axis of rotation.

When the-part is defined to the outside mold line (OML) surface, an inside mold line (IML) surface shg
rated fordiber winding on the tool surface. The IML surface shall extend beyond the edge of the part as

Allowable gaps and overlaps between tows and bands shall be defined. See Figure 12-1.

shape.

hentation

, each ply

irectly or

12.1.1(c)

beometry
shall be
\ AUTO-
D TO ADD

11 also be
required.

12

4.1 Ply Table for Filament Winding. In addition to the ply table requirements in section 9, each ply level

table shall specify
(a) either hoop ply or helical ply
(b) material, such as adhesive or other pertinent method of material application such as hand layup for nonwound
materials
(c) band width
(d) number of tows per band
(e) tension per tow
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12.5 Multistage Bonding

(a) Multistage bonded assemblies may be defined with individual precured parts in separate ply tables. See
Figures 12-2 and 12-3, illustration (a).

(b) When asingle ply table defines a multistage bonded assembly, a sequence may be indicated in the ply table to define
individual groupings of plies. See Figure 12-3, illustration (b).

(c) When the shape of the assembly is complex, individual ply tables and ply stackup schematics may be provided in
addition to the bonded assembly view and ply table. See Figure 12-4.

12.6 Pultrusion

(a) Thee ply orientation symbol shall be oriented with 0° in relation to the longitudinal direction of the tool.
(b) A qonstant cross section of the part shall be presented with the location of each roll and drop-off. See-Figure |L2-5.

12.6.1 |Material Roll Section Views — Pultrusion. Material roll section views shall contain the fellowing:
(a) segtion views for each material roll used in the part [see Figure 12-6, illustrations (a) and\(b}]

(b) lodation of material rolls

(c) lodation of drop-offs

(d) definition of splices

(e) ply table and any additional data about the plies within the roll noted in the coerresponding table
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Figure 12-1 Filament Winding Part

500.00
I et T
_ _ _ ¢ _ B _ 50.00
S N Dagon
TOOL SIDE
A P1
P20
SCALE: NONE
1204
BAND TENSION
PLY PLY/ITEM TYPEOFPLY | ORIENTATION | MATERIAL-J{ wipTH | NO-OF TOW I oeoTow
LEVEL ol PER BAND N
1 P1 FILM ADH — 10745 — —
2 P2 HELIX +45° 10721 65 3 9
3 P3 HELIX 45° 10721 65 3 9
4 P4 HOOP 90° 10721 75 3 9
5 P5 HOOP 90t 10721 75 3 9
6 P6 HOOP 90° 10721 75 3 9
7 P7 HOOP 90° 10721 75 3 9
8 P8 HOOP 90° 10721 75 3 9
9 P9 HOOF 90° 10721 75 3 9
10 P10 HQOR 90° 10721 75 3 9
1 P11 HOOP 90° 10721 75 3 9
12 P12 HOOP 90° 10721 75 3 9
13 P13 HOOP 90° 10721 75 3 9
14 P4 HOOP 90° 10721 75 3 9
15 P15 HOOP 90° 10721 75 3 9
16 P16 HOOP 90° 10721 75 3 9
17 P17 HELIX +45° 10721 65 3 9
18 P18 HELIX 45° 10721 65 3 9
19 P19 HELIX +45° 10721 65 3 9
20 P20 HELIX 45° 10721 65 3 9
124
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Figure 12-2 Multistage Bonding — Precured Method
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