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1 This Mlitary Standard is nandatory for use by all Departnents
and Agencies of the Departnent of Defense.

2. Beneficial coments (reconmendations, additions, deletions) and
any pertinent data which nay be of use in inproving this docunent should
be addressed to: Commander, Naval Sea Systens Command, SEA 3112,
Departnent of the Navy, Wshington, DC 20362 by using the self-addressed
St andardi zati on Document | nprovenent proposal (DD Form 1426) appearing

at the end of this docunment or by letter.
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FOREWCRD

Governnment material acquisition specifications have been primrily
concerned with detailing conmposition, construction, and necessary physical

requi rements. However , little attention has been paid to defining the
limts of acceptable quality regarding nanufacturing inperfections other
than such generalizations as "the workmanship shall be first class." In

such a diverse industry as that of rubber manufacturing, individual plants
vary considerably in their production and quality control techniques.

| nperfections are likely to occur from many causes, such as variation in
the quality of the basic materials and variations in manufacturing

processes and finishing operations. Therefore, the quality generalizations
used in this standard nust, of necessity, cover a considerable range which
represents the best available judgenent. This standard is issued as a

practical yardstick which quality assurance personnel wll use to appraise

the acceptability of Orings concerning visible inperfections.
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1. SCOPE

1.1 Purpose. The objective of this standard is to assure
acqui sition of elastoneric Orings with a surface quality |evel adequate
for their intended use. To achieve this objective, this standard:

(a) Includes illustrations and supplenentary definitions and
dinmensions to identify Oring surface inperfections for
“the purpose of inspection, and

(b) Establ i shes quantitative levels of acceptance for Orings
relative to surface inperfections, type, size and quantity.

1.1.1 In general, this standard is intended to supplenent the
i nspection procedure of a particular specification for Orings. Wher e
no such procedure is provided, this standard becones the primary guide.
In the event of conflict between this standard and the inspection procedure
of an end item specification or a specification for Orings, the basic
speci fication shall govern.

1.2 Scope. This docunment covers only visible inperfections of
O rings.

2. REFERENCED DOCUNMENTS
2.1 Issues of docunents. The follow ng docunents, of the issue

in effect on date of invitation for bids or request for proposal, form
a Part of this standard to the extent specified herein.

STANDARDS

M LI TARY
M L- STD- 105 - Sanpling Procedures and Tables for |nspection
by Attri butes.
M L-STD-109 - Quality Assurance Terns and Definitions.

(Copi es of specifications, standards, drawi ngs, and publications
required by contractors in connection with specific acquisition functions

shoul d be obtained fromthe contracting activity or as directed by the
contracting officer.)

3. DEFI NI TI ONS

3.1 ML-STD-105 and M L-STD- 109 define critical, major and m nor
def ects. The classification of an Oring defect as "critical" requires
know edge of the end use; therefore, critical defects are not included
in this standard but nust be, considered in the basic specification(s).
Orings inspected for surface inperfections in accordance with this
standard are deternmined to be either acceptable or unacceptable. The
concept of mnor defects is not applicable.
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3.2 The following word descriptions apply to the visible
i mperfections covered in this standard:

(a) Backrind. A longitudinal recess of wide angle U-like or
WTTKke cross-sections, oriented circunferentially and
| ocated at parting lines, caused by thermal expansion over
sharp nold edge or by premature cure.

(by Blister. A void or a hole in the body of the Oring, which
may or may not cause protrusion on the surface and may
be covered or open, caused by air being trapped during
cure.

(c) Bloom Material which has migrated from the body of the
Oring to the Oring surface.

(d) Excessive trinming. Flat spots or nicks, producing out-of-
tolerance cross-section, caused by excessive buffing or
trinmng of flash. An Oring is considered ‘excessively
trinmmed” only if a flat area results to the extent that
an out-of-tolerance condition exists. Even when an O-ring
has not been "excessively trimed", it could have an
inperfect trimor buff condition. "“llnperfect trimor buff”
is a condition, wherein abrasion, scuffing or tearing,
generated when renoving flash or parting line projection,

result in a substantially coarser texture. Prot rudi ng
Oring material or a heavily abraded surface are the
indicators of "inperfect trim and are not acceptable on

any size Oring.

(e) Fl ash. Very thin gage, sonetimes filmlike, material which
extends from parting line projection, resulting from nold
separation or inadequate trim

(f) Flow mark. A thread-like recess, usually curved, of very
slight depth in the unflexed state, with normal surface
texture and radiused edge. It is caused by inconplete
flow and knit of the material.

(g) Foreign naterial. Any extraneous, enbedded matter (such
as confamnation, dirt, or undispersed pigment) or
depression, forned by its renoval.

(hy Msmatch. The cross-sectional radius in one ring half

I's unequal to that of the other half. It is caused by
the dinensional difference in nold halves.
(i) Mol d deposit indentations. Surface indentations, irregular

In shape, wth rough surface texture, caused by a build-up
of hardened deposits, adhering to the nold cavity.

(i) Non-fill. A randomy spaced, irregularly shaped, surface
rndentation, having a coarser texture, than the nornal
Oring surface.

(k) Of-register. Msaligned Oring halves, caused by the
l[ateral shift of one nold cavity plate, relative to the
ot her.

(1) Parting |ine indentation. A shallow saucer-like recess,
Igcated on the parting line, caused by a defornmity in nold
edge.
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(m Parting line projection. A continuous ridge of material,
situated on the parting line, caused by worn or otherw se
excessively rounded nold edges.

(n) Porosity. Presence of numerous mnute voids or sponginess,
show ng up usually in a cross-section cut.

4. GENERAL REQUI REMENTS

4.1 Examination conditions. The illumnation during exam nation
shal | be 400-foot candles, m ninmm Bl oom or surface dust, if present
on the Oring, shall be renoved before inspection.

4.2 ldentification of inperfections.

4.2.1 Enlarged photographs of representative, acceptable and
unacceptabl e inperfections are included to aid inspection (see figures
1 through 86). The grid sizes are 0.1, 0.2, 0.3, 0.5 and 1.0 inch for
I x, 2x, 3x, 5x, and 10X mmagnification, respectively.

4.2.2 Arrows have been added to selected 10X nmgnification
phot ographs for aid in identifying the inperfection shown. 3X power
magni fication , however, shall be used to aid in the detection of
i nperfections, unless otherw se specified by the contract.

4.2.3 Al photographs are indexed in table I, according to figure
number, O-ring size (bw type of inperfection and classification of
i mperfection (acceptable and unacceptable) . For some types of inper-
fections, exaggerated line drawings are included to supplenent the photo-
graphs and to illustrate the nature of the inperfections nore vividly (see
figure 87).

4.2.4 It should be borne in mnd that this standard has incl uded
phot ographs of only the nmost common inperfections that occur during the
fabrication of elastonmeric O rings. It is not feasible to obtain photo-
graphs to show clearly all possible inperfections in all sizes. Further
the definitions of inperfections in this standard do not abrogate
requirenments of a particular specification , contract or order. Where ot her
types of inperfections such as cracks or ruptures are found , the general
wor kmanship criteria of 5.1 shall govern.

4.3 Evaluation of inperfections.

4.3.1 For the purpose of visual exam nation, it is reconmmended that

i nspectors wuse, for reference and conparison, wre gauges or other type
devices in dianmeters of 0.002; 0.005; 0.010: 0.015; and 0.020 inch (or

0.05; 0.13; 0.25; 0.38; and 0.51 nmillinmeters (mm). Such gauges shall
be positioned adjacent to inperfections for their size determ nation.

4.3.2 Quantitative classification of acceptable and unacceptable
imperfections is shown in table Il (showing dinensions in inches) and in
table Il (showing dinensions in m. When any dinension of an inper-
fection exceeds the value specified in tables Il or IIl, as applicable,
this constitutes an unacceptable inperfection for any Oring having a cross-
sectional width, "W, wthin the range shown. Oherwse , the inperfection

3
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is classified as acceptable. In general, the dinmensional limts of inper-
fections are related to the Oring cross-sectional wdth. For Oring sizes
appreciably larger than 0.275 inch (6.98 mm cross-sectional width, quality
asurance personnel should refer to the particular specification involved
for quantitative dinmensional limts of inperfections.

5. DETAI LED REQUI REMENTS

5.1 Nondestructive tests. In all cases, including where a conflict
exists with this standard , the requirenents of the applicable specification
shal | govern. Wor kmanship and finish shall be in acordance with the
hi ghest grade practice in manufacturing this kind of product. Manuf ac-
turing practices shall be such that the physical properties of the finished
product shall be uniformin quality and condition, clean, smooth and free
from cracks, ruptures, porosity, blisters, foreign materials or other
i nperfections detrinmental to the performance of the parts, as further
def i ned herein.

5.1.1 Each Oring sanpled shall be carefully exanined for visible

surface inperfection s (see section 4, and tables I, Il, and IIl).
Unaccept abl e inmperfections (those which exceed the dinmensional limts in
tables Il and 111, as applicable, or those described in 5.2), shall be

cause for rejection of Orings.

5.2 Rejection of individual Orings. Rejection of individual
O rings shall be based on the follTow ng:

(a) Each Oring found to have out-of-tol erance dinmensions shall

be rejected.
(b) Visual surface inperfections shall be cause for rejection,

as follows:

Any Oring with one or nore unacceptable surface

i mperfection.

Any Oring with radially oriented flow mark, regardless
of length.

Any Oring exhibiting poor general appearance, as defined
in 5. 1.

Such rejection applies equally to surface inperfections found on Orings

i nspected for any requirenent under the applicable specification. Al so,
any Oring which was part of a sanple shall be rejected if it contains
one or more unacceptable inperfections , regardless of whether its lot or

batch as a whole is accepted or rejected.

5.3 Sanpling. Al Orings shall be subjected to one or nore
M L- STD- 105 sanpling procedures, as specified by the contracting activity,
except where the material specification includes a sanpling plan. Unl ess
specified otherwise in the material specification, purchase order or
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contract, an Acceptable Quality Level (AQL) of 1.5 percent defective shall
used . Acceptance or rejection of the lot, sub-lot or batch shall be on
this basis, except where already rejected in 5.1. In the application of
M L-STD-105 to this standard, the followi ng shall be noted:

(a) lnasmuch as inspection to this standard is to deternine
whether O rings are either acceptable or unacceptable and
in viewof 3.1, mnor and critical defects do not apply.

(b) Any sanpled Oring which is rejectable, as indicated in
5.2, shall be considered defective for the determ nation
of the acceptance or rejection of the lot it represents.

Cust odi ans : Preparing activity:
Armry - M Navy - SH
Navy - SH (Project 5330-0532)

Air Force - 99
Revi ew activities:
Navy - GCS, AS
Air Force - 11
User activities:
Arny - AT
Navy - MC
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M L- STD-413C
8 Decenber 1980
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Figure 1 - Backrind, unacceptable,
W= 0.070" (1.78 mm)
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Figure 2 - Backrind, unacceptable,
W= 0.103" (2.62mm)
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Figure 3 - Backrind, unacceptabl e,
W= 0.103" (2.62 nm)
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Figure 4 - Backrind, unacceptable,
W= 0.103" (2.62 mMm)
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Figure 5 - Backrind, acceptable,
W= 0.103" (2.62 nm)
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Figure 6 - Backrind, acceptable,
W= 0.103" (2.62 nm)
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Figure 7 - Backrind, unnacceptable,
W= 0.139" (3.53 mm)
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M L-STD-413C
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Figure 8 - Backrind, acceptable,
W= 0.139" (3.53 mm)
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MIL-STD-413C
8 December 1980

10X

Figure 9 - Backrind, acceptable,
W= 0.210" (5.33 mm.)

17


http://www.abbottaerospace.com/technical-library

M L- STD-413C
8 Decenber 1980
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Figure 10 - Backrind, unacceptable,
W= 0.210" (5.33 mm)
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Figure 11 - Parting line indentation,
accept abl e,
W= 0.070" (1.78 mm)
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Figure 12 - Parting line indentation,
accept abl e,
W= 0.070" (1.78 mm)
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Figure 13 - Parting line indentation,
accept abl e,
W= 0.070" (1.78 mm)
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Figure 14 - Parting line indentation,
unaccept abl e,
W= 0.070" (1.78 mm)
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Figure 15 - Parting line indentation,
accept abl e,
W= 0.103" (2.62 mm)
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Figure 16 - Parting line indentation,
accept abl e,
W= 0.103" (2.62 mm)
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M L- STD-413C
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Figure 17 -
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Parting line indentation,

accept abl e,
W= 0.103"
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M L- STD-413C
8 Decenber 1980

10X

Figure 18 - Parting line indentation,
unaccept abl e,
W= 0.103" (2.62 mm)
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Figure 19 - Parting line indentation,
unaccept abl e,
W= 0.139" (3.53 mm)
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Figure 20 - Parting line indentation,
unaccept abl e,
W= 0.139" (3.53 mm)
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Figure 21 - Parting line indentation,
accept abl e,
W= 0.139" (3.53 nm)
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Figure 22 - Parting line indentation,
unaccept abl e,
W= 0.139" (3.53 mm)
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Figure 23 - Parting line indentation,
accept abl e,
W= 0.210" (5.33 mm)
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Figure 24 - Parting line indentation,
unaccept abl e,
W= 0.210" (5.33 mm)
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Figure 25 - Foreign material,
accept abl e,
W= 0.103" (2.62 nm)
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Figure 26 - Foreign material,
unaccept abl e,
W= 0.103" (2.62 mm)
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10X

Figure 27 - Foreign material,
accept abl e,
W= 0.103" (2.62 nm)
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Figure 28 - Foreign material,
unaccept abl e,
W= 0.103" (2.62 mm)
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8 December 1980

Figure 29 - Foreign material,
accept abl e,
W= 0.139" (3.53 m”m)
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Figure 30 - Foreign material,
unaccept abl e,
W= 0.139" (3.53 nm)
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Figure 31 - Foreign material
accept abl e,

W =

39

0.139" (3.53 mm)
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Figure 32 - Foreign material,
unaccept abl e,
W= 0.210" (5.33 m”m)
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Figure 33 - Foreign nmaterial,
unaccept abl e,
W= 0.275" (6.98 nm)
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10X

Figure 34 - Excessive trinmmng,
accept abl e,
W= 0.103" (2.62 mm)
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Figure 35 - Excessive trimming,
unaccept abl e,
W= 0.103" (2.62 mm)
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10X

Figure 36 - Excessive trinmmng,
accept abl e,
W= 0.103" (2.62 mm)
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8 Decenber 1980

Figure 37 - Excessive trimming
unaccept abl e,
W= 0.103" (2.62 mm)
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Figure 38 - Excessive trinmmng,
accept abl e,
W= 0.139" (3.53 mm)
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Figure 39 - Excessive trinmmng,
unaccept abl e,
W= 0.139" (3.53 nm)
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10X

Figure 40 - Excessive trimming,
accept abl e,
W= 0.210" (5.33 mm)
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Excessive trimming,

Figure 41 -

unacceptable,
w= 0.275"

(6.98 mm.)
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Figure 42 - Excessive flash,
unaccept abl e,
W= 0.103" (2.62 mm)
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Figure 43 - Excessive flash,
unaccept abl e,
W= 0.103" (2.62 nm)
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Figure 44 - Excessive flash,
unaccept abl e,
W= 0.103" (2.62 nm)
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Figure 45 - Excessive flash,
accept abl e,
W= 0.103" (2.62 nm)
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Figure 46 - Excessive flash,
accept abl e,
W= 0.139" (3.53 mm)
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Figure 47 - Excessive flash,
unaccept abl e,
W= 0.139" (3.53 mm)
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Figure 48 - Excessive flash,
accept abl e,
W= 0.139" (3.53 mm)
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Figure 49 - Excessive flash,
unaccept abl e,
W= 0.139" (3.53 mm)
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Figure 50 - Excessive flash,
accept abl e,
W= 0.210" (5.33 nm)
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Figure 51 - Excessive flash,

unacceptable,
W = 0.275" (6.98 mm.)
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Figure 52 - Non-fill, unacceptable,

W= 0.070" (1.78 mm)
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Figure 53 - Non-fill,unacceptable,
W= 0.103" (2.62 m.)
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Figure 54 - Non-fill, acceptable,

W= 0.139" (3.53 mm)
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Figure 55 - Non-fill,unacceptable,
W= 0.139" (3.53 mm.)
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Figure 56 - Non-fill, unacceptable,

W= 0.139" (3.53 m)
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Figure 57 - Non-fill, unacceptable,
W= 0.210" (5.33 mm)
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Figure 58 - Non-fill, unacceptable,
W= 0.210" (5.33 mMm)
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Figure 59 - Non-fill, acceptable,
W= 0.275" (6.98 nmm)
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Figure 60 - Non-fill, unacceptable,
W= 0.275" (6.98 mm)
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Figure 61 - Mold deposit indentations,
unacceptable,
W= 0.070" (1.78 mm)
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Figure 62 - Mdld deposit indentations,
accept abl e,
W= 0.103" (2.62 mm)
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Figure 63 - Mold deposit indentations,
acceptable,
w= 0.139" (3.53 mm.)
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Figure 64 - Mdld deposit indentations,
unaccept abl e,
W= 0.139" (3.53 nm)
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Figure 65 - Ml d deposit indentations,
unaccept abl e,
W= 0.139" (3.53 nm)
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Figure 66 - Mdld deposit indentations,
unaccept abl e,
W= 0.139" (3.53 mm)
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Figure 67 - Mld deposit indentations,
accept abl e,
W= 0.139" (3.53 mm)
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Figure 68 - Mld deposit indentations,
accept abl e,
W= 0.210" (5.33 m”m)
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Figure 69 - Mld deposit indentations,
unaccept abl e,
W= 0.275" (6.98 mm)
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Figure 70 - Flow marks, unacceptable,
W= 0.070" (1.78 nmm)
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Figure 71 - Flow marks, unacceptable,
W= 0.139" (3.53 nm)
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Figure 72 - Flow marks, acceptable,
W= 0.139" (3.53 nm)

80


http://www.abbottaerospace.com/technical-library

MIL-STD-413C
8 December 1980

- -

1X

Figure 73 - Flow marks, unacceptable,
W= 0.139” (3.53 mm.)
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Figure 74 - Flow marks, acceptable,
W= 0.139" (3.53 mm)
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Figure 75 - Flow marks, unacceptable,
W= 0.139” (3.53 mm.)
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Figure 76 - Flow marks, unacceptable,
W= 0.139" (3.53 mm)
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Figure 77 - Flow marks, acceptable,
W= 0.139" (3.53 nm)
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Figure 78 - Flow nmarks, acceptable,
W= 0.210" (5.33 nm)
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Figure 79 - Of-register and/or m smatch,
unaccept abl e,
W= 0.070" (1.78 mm)
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Figure 80 - Of-register and/or msmatch,
unaccept abl e,
W= 0.103" (2.62 mm)
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Figure 81 - Of-register and/or msmatch,
unaccept abl e,
W= 0.139" (3.53 nm)
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Figure 82 - Of-register and/or nmisnatch,
accept abl e,
W= 0.139" (3.53 mm)
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Figure 83 - Of-register and/or msnatch,
accept abl e,
W= 0.139" (3.53 mm)
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Figure 84 - Of-register and/or msmatch,
accept abl e,
W= 0.139" (3.53 mm)
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Figure 85 - Of-register and/or msmatch,
accept abl e,
W= 0.210" (5.33 mm)
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Figure 86 - Of-register and/or misnatch,
unaccept abl e,
W= 0.210" (5.33 mm)
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Backrind Foreign Material

Excessive Trimming ' Excessive Flash

Remaining

Figure 87 - Supplenentary illustrations of surface inperfections.
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