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C DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

Food and Drug Administration

: 1390 Piccard Dri
SEP 6 1994 Rockville hrno 2;8(:50

Carol A. Weideman, Ph.D.

Manager, New Product Applications
Linvatec Corporation

11311 Concept Boulevard

Largo, Florida 34643

Re: K941691
Revo™ Rotator Cuff Repair System
Regulatory Class: IT
Product Code: HRX
Dated: April 6, 1994
Received: April 6, 1994

Dear Dr. Weideman:

We have reviewed your Section 510(k) notification of intent to
market the device referenced above and we have determined the
device is substantially equivalent to devices marketed in
interstate commerce prior to May 28, 1976, the enactment date
of the Medical Device Amendments, or to devices that have been
reclassified in accordance with the provisions of the Federal
Food, Drug, and Cosmetic Act (Act). You may, therefore,
market the device, subject to the general controls provisions
of the Act. The general controls provisions of the Act
include requirements for annual registration, listing of
devices, good manufacturing practice, labeling, and
prohibitions against misbranding and adulteration.

If your device is classified (see above) into either class II
(Special Controls) or class III (Premarket Approval) it may be
subject to such additional controls. Existing major
regulations affecting your device can be found in the Code of
Federal Regulations, Title 21, Parts 800 to 895. A
substantially equivalent determination assumes compliance with
the Good Manufacturing Practice for Medical Devices: General
(GMF) regulation (21 CFR Part 820) and that, through periodic
GMP inspections, the Food and Drug Administration (FDA) will
verify such assumptions. Failure to comply with the GMP
regulation may result in regulatory action. 1In addition, FDa
may publish further announcements concerning your device in
the Federal Register. Please note: this response to your
premarket notification submission does not affect any
obligation you might have under sections 531 through 542 of
the Act for devices under the Electronic Product Radiation
Control provisions, or other Federal Laws or Regulations.

Questions? Contact FDA/CDRH/QCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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Page 2 - Carol A. Weideman, Ph.D.

This letter immediately will allow you to begin marketing your
device as described in your 510(k) premarket notification. An
FDA finding of substantial equivalence of your device to a
legally marketed predicate device results in a classification
for your device and permits your device to proceed to the
market, but it does not mean that FDA approves your device.
Therefore, you may not promote or in any way represent your
device or its labeling as being approved by FDA. If you
desire specific advice for your device on our labeling
regulation (21 CFR Part 801 and additionally 809.10 for in
vitro diagnostic devices), promotion, or advertising please
contact the Office of Compliance, Promotion and Advertising
Policy Staff (HFZ-300) at (301) 594-4639. Other general
information on your responsibilities under the Act may be
obtained from the Division of Small Manufacturers Assistance
at their toll free number (800) 638-2041 or at (301) 443-6597.

Sing ly yours,

Paul R. Beninger, M.gﬁgLffﬁ

Director

Division of General and
Restorative Devices

Office of Device Evaluation

Center for Devices and
Radiological Health

Questions? Contact FDA/CDRH/ACE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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3 ' Memorandum
Oate S//3 ,/ 7./ :

£ m REVIEWER(S) —~ NAME(S)

Subject 510(k) NOTILFICATION

To ’ THE RECORD

It is my recommendation that the subject 510(k) Notification:

&/f/’(KS Is substantially equivalent to marketed devices.

(B) Requires premarket approval. NOT substantially
equivalent to marketed devices.

(C) Requires more data.

(D) Other (e.g., exempt by regulation, not a device,
duplicate, etc.)

Additional Comments:
I1s this device subject to Postmarket Surveillance? Yes [:] No [Er//’
This 510(k) contains: (check appropriate box(es))

[:] 510(k) summary of safety and effectiveness, or

A 510(k) statement that safety and effectiveness information
will be made available

[:] The required certification and summary for class III devices

The submitter requests under Predicate Product Code w/panel
21/3?} 807.95:% and class:
No Confidentiality . $7 HRY ¢ Snn TE
Confidentiality for 90 days Additional Product Code(s)

w/Panel (opticral):
Continued Confidentiality
exceeding 90 days

REVIEW: M‘Q‘M ' .0&3:7]7 i 3//3//44/
(BRANCH CHIEF)

BRANCH CODE (DATE)
- \
FINAL REVIEW: % &'\ q/ T CL(_‘_
(DIVISIUN—’D?KCTOR) (DATE)
#DOES NOT APPLY TO ANY “SE" DECISIONS Revised 11/18/91

Questions? Contact FDA/CDR/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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510(k) "SUBSTANTIAL EQUIVALENCE"
DECISION-MAKING PROCESS (DETAILED)

|

-

No Do the Differences Alter the Intended Yes
Does New Device Have Same —— Therapeutic/Diagnostic/etc.
Indication Statemcuts? Effect (in Deciding, May “Not Substantially
Coaslder impact oa Safety and Equivalent*®
es Effectiveness)?* Dctermination
——_J No
Descriptive information New Device Has Same latended New Device Has New
about New or Markcted Use and May be "Substantaily Intended Use
Device Requested Equivalent®
as Needed
Does New Device Have Same No Could the New Yes Do the New Characteristics  Yeg
Technological Characteristics Characteristicsc ———— Raise New Types of Safcty or ~=
¢.g., Design, Materials, etc.? Affect Safcty Elfectiveness Questons?*®
or Effectivencss?
es No
No
No Are the Descriptive Do Accepted Scientific Methods
—L — Characteristics Precise Enough Exist for Asscssing Effects of ———-»
to Ensure Equivaience? the New Characteristics? No
Yes Yes
No Are Performaance Data Available Are Performance Data Availsble Ng
to Assess Equivalence?®®* to Assess Effects of New ‘
Characteristics?***
Yes
Yes
Performance Performance
Data Data .
Required Required
l. Performance Data D rate 4»- o) —0 Performance Data D trate -
Equivalence? Yes Yes Equivelence?
l No No

70 (?)

*Substantally Equivalent®
Dcetermination

7 ()

510(k) submissions compare new devices to marketed dewvi

ces. FDA requests additional information if the reiationshup
between markeied and “predicate” (pre-Amendments or recl

This decision is n

assified post-Amendments) devices is unciear.

ormally based on descriptive information alone, but limited testing information is sometimes required.

«=+ Data may be in the 510(k), other 510(k)s, the Center's classiflication (iles, or the literature.

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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PRODUCT TO WHICH COMPARED:

10.

"SUBSTANTIAL EQUIVALENCE"

REVIEWER: :%"f /K;Z(,’z.

TRADE Nmaz/&@u Ktatp ( S/ Dep-

(SE) DECISION MAKING DOCUMENTATYON

DIVISION/BRANCH: __ DOAD /02

S ez — COMMON NAME: i JBrisie e C ez Py E5
4

(510(k) NUMBER YF KNOWN)

IS PRODUCT A DEVICE?
DEVICE SUBJECT TO 510(k)?
SAME INDICATION STATEHENT?

DO DIFFERENCES ALTER THE EFFECT
OR RAISE NEW ISSUES OF SAFETY OR
EFFECTIVENESS?.

SAME TECHNOLOGICAL CHARACTERISTICS?

COULD THE NEW CHARACTERISTICS -AFFECT
SAFETY OR EFFECTIVENESS?

DESCRIPTIVE CHARACTERISTICS PRECISE
ENOUGH?

NEW TYPES OF SAFETY OR EFFECTIVENESS
QUESTIONS?

ACCEPTED SCIENTIFIC METHODS EXYST?

PERFORMANCE DATA AVAILABLE?

@ DATA DEMONSTRATE EQUIVALENCE?

@—ms; IN ADDITION TO Colp

Questions? Contact FDA)

YES {INO

LETING PAGE TWO, “YES*
11, AND EVERY *NoO* RESPONSE REQUIRES AN

IF NO sTOP

IF NO STOP

IF YES GO TO S

IF YES STOP &

IF YES GO TO 7

IF YES GO TO 8

IF YES STOP @
IF NO STOP -&

IF NO REQUEST DATA

RESPONSES TO QUESTIONS 4, 6, 8, AND

"EXPLANATION ON PAGE THREE AND/OR FOUR

H/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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510(k) Memorandum

Reviewer: Aric D Kaiser, Biomedical Engineer
ODE/DGRD/ORDB ,
éfmw
Document received: April 6, 1994 f// 4
Document dated: April 6, 1994 ’
Review initiated: August 31, 1994
Document #: K941691

Linvatec Revo™ Rotator Cuff Repair System

Recommendation - The submitted devices are substantially equivalent to devices
currently cleared to market.

Sponsor: Linvatec Corporation Carol A Weideman, PhD
11311 Concept Boulevard Manager, New Product Applications
Largo, FL 34643 813-399-5281

registration #1017294

Shutt Medical Technologies

A Division of Linvatec Corporation
545 Terrace Drive

San Dimas, CA 91773

registration #2022690

Device identification (p.2)
888.1100 - arthroscope and accessories
87LHRX class II

Intended use (2-3, Exhibit 1)
The submitted devices are intended to be used with the Revo 4mm Cancellous Screw
(K924941) Driver and Drill during arthroscopic rotator cuff repair in the shoulder.

Description (1, 3-5, Appendix 2,3)
The submitted tissue repair system consists of the following instruments:

Revo Suture Threader -used to thread suture through cannulated screwdriver
non-sterile, reusable

Knot Pusher - used to advance knots
non-sterile, reusable

Crochet Hook - used to manipulate/retrieve suture
non-sterile, reusable

2mm Bone Punch - used to create pilot hole for 4mm screw
non-sterile, reusable

Hawkeye Suture Needle - used to spear through tissue and capture suture strands

Page 1 of 3
Questions? Contact FDA{CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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sterile, single-use

Shuttle-Relay Suture Passer - used to pass suture through tissue
sterile, single-use

Suture Retrieval Forceps - used to manipulate/retrieve suture
non-sterile, reusable

Micro Scissors - used to cut excess suture above a knot
non-sterile, reusable

Suture Punch - used to spear tissue and pass suture
non-sterile, reusable

All of these instruments are stored in labeled compartments in the supplied
sterilization case.

Materials (3-5, Exhibit 4-12)

The submitted devices are made from the following materials commonly used for medical
instruments:

(b) (4)

Labeling (Exhibit 1)

Sample labels have been provided for all of the instruments. Sample instructions have
been provided for the Hawkeye suture needle and the Shuttle-Relay suture passer. These
are the only instruments whose use is not self-explanatory.

Packaging (6, Exhibit 13)
The instruments will be packaged both sterile (single-use items) and non-sterile
(reusable items). Specific packaging for each instrument is provided on p.6.

Additional information ()
not required

Clinical Data
not required

Sterilization (5)

The items identified above as non-sterile and reusable are to be steam sterilized
according to the following methods:

f Page 2 of 3
Questions? Contact FDA/GDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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me thod cycle temperature

Substantial equivalence information (6)

No predicate devices are provided. The sponsor simply states that the submitted
devices are substantially equivalent to devices currently on the market and will be
used as accessories to the already cleared Revo 4mm Cancellous Screw.

A review of devices already cleared to market for use as arthroscopic accessories
reveals no substantial difference between those devices and these devices. The
submitted devices have no attributes which would alter the safety and effectiveness
compared to predicate devices.

5 k mmary or statement (7)

The sponsor has stated that safety and effectiveness information will be made available
upon request.

Confidentiality ()
The sponsor will be provided with standard confidentiality.

Log of contact with the manufacturer:

8/31/94 The manufacturer will be contacted by phone (as recommended by HXS and SPR)
to alert them to required changes in the labels for products provided by
Shutt Medical Technologies. The labels must be modified to contain the
company address. The sponsor agreed to this change (and added the comment
that "newer" versions of the labels already contain this information).

Recommendation - Based on the information provided by the sponsor and a review of
appropriate predicate devices, I recommend that the devices in this submission be
determined to be substantially equivalent to devices currently cleared to market.

Page 3 of 3
Questions? Contact FDA/ /OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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DEPARTMENT OF HEALTH AND HUMAN SERVICES Public Health Service

Food and Drug Administration
Center for Devices and
Radiological Health

office of Device Evaluation
Document Mail Center (HFZ-401)
1390 Piccard Drive

Rockville, Maryland 20850

April 15, 1994

LINVATEC CORP. 510(k) Number: K941691
11311 CONCEPT BLVD. Received: 06-APR-94
LARGO, FL 34643 Product: REVO ROTATOR
ATTN: CAROLE A. WEIDEMAN CUFF REPAIR
SYSTEM

The Center for Devices and Radiological Health (CDRH), Office of
Device Evaluation (ODE), has received the Premarket Notification

you submitted in accordance with Section 510(k) of the Federal Food,
Drug, and Cosmetic Act (Act) for the above referenced product.

We have assigned your submission a unique 510(k) number that is cited
above. Please refer prominently to this 510(k) number in any future
correspondence that relates to this submission. We will notify you
when the processing of your premarket notification has been completed
or if any additional information is required.

The Safe Medical Devices Act of 1990 (SMDA), signed on November 28,
states that you may not place this device into commercial distribution
until you receive a letter from FDA allowing you to do so. Although
the traditional timeframes for reviewing 510(k)s has been 90 days,

it is now taking longer. These increasing response times have been
caused by many factors, including a sharp increase in ODE'’s workload
and increasingly complex device submissions. puring 1992, we received
about 1,500 more total submissions than we did the preceding year.

We are troubled by these increases in response times and are making
every effort to regain predictability in the timing of 510(k) reviews.
Due to the increase in response times, CDRH has established a 510(k)
Status Reporting System through which submitters may receive a status
report on their 510(k) submissions(s) as follows:

o Beginning 90 days after ODE receives your 510(k) submission,
you may begin requesting status information. Submit requests
via fax (301-443-8818) or via mail to:
510(k) Status Coordinator
Division of Small Manufacturers Assistance (DSMA) (HFZ-220)
Center for Devices and Radiological Health, FDA
5600 Fishers Lane
Rockville, Maryland 20857 USA

Because of staff limitations, we cannot answer telephone status
requests.

o 510(k) status requests should include:
(1) submitter’s name and mailing address;
(2) requester’s name, affiliation with the 510(k) submitter,

mailing address, fax number (if applicable), telephone
number, and signature; and

Questions? Contact FDNC\DVCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
A
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(3) 510(k) information, including product name, 510(k) number,
date logged in by ODE (as identified in acknowledgment
letter from ODE), and name of contact person identified
on firm's 510(k) submission.

Enclosed is a suggested format that you may use to ensure that

you include all of the required information.

o Within three working days after DSMA receives a submitter’'s
status request, DSMA will send the submitter a fax or letter
that includes: -

(1) the branch to which the 510(k) has been assigned;

(2) the last action, and date of that action, that CDRH has
taken regarding the 510(k), e.g., logging in an amendment,
preparing a decision letter; and

(3) the position of the 510(k) in the reviewer’s queue.

We request that 510(k) submitters make status inquiries no more
than every four weeks. We do not have the resources to respond
more frequently.

The SMDA also requires all persons submitting a premarket
notification submission to include either (1) a summary of

the safety and effectiveness information in the premarket
notification submission upon which an equivalence determination
could be based (510(k) summary), OR (2) a statement that safety
and effectiveness information will be made available to interested
persons upon request (510(k) statement). safety and effectiveness
information refers to information in the premarket notification
submission, including adverse safety and effectiveness information,
that is relevant to an assessment of substantial equivalence.

The information could be descriptive information about the new

and predicate device(s), or performance or clinical testing
information. We cannot issue a final decision on your 510(k)
unless you comply with this requirement.

Although FDA acknowledges that the law provides the 510(k)
submitter an alternative, FDA encourages 510(k) submitters to
provide a 510(k) statement to FDA and to make their safety and
effectiveness information available to the public, excluding
confidential manufacturing process information, in lieu of submitting
a 510(k) summary to the agency until FDA promulgates a regulation
on the content and format of 510(k) summaries. Since the law
requires that FDA must make the 510(k) summary, or the source of
information referred to in the 510(k) statement, publicly available
within 30 days of making a substantial equivalence determination,
we advise you that we may no longer honor any request for extended
confidentiality under 21 CFR 807.95.

Additionally, the new legislation also requires any person who
asserts that their device is substantially equivalent to a

class III device to (1) certify that he or she has conducted a
reasonable search of all information known, or otherwise available,
about the generic type of device, AND (2) provide a summary
description of the types of safety and effectiveness problems
associated with the type of device and a citation to the
literature, or other sources of information, upon which they have
based the description (class III summary and certification). The

Questions? Contact FDA/CDT)(/(S):E/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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description should be sufficiently comprehensive to demonstrate
that an applicant is fully aware of the types of problems to which
the device is susceptible. If you have not provided this class III
summary and certification in your premarket notification, please
provide it as soon as possible. We cannot complete the review of
your submission until you do so.

As of March 9, 1993, FDA has implemented the Good Manufacturing
Practice{GMP) Pre-Clearance Inspection Program for all class III
devices that are being reviewed under the premarket notification
program. A letter of substantial equivalence cannot be sent until
the finished device manufacturing site(s) and sterilization sites(s)
as appropriate, have been identified and FDA has determined that
the manufacturer(s) is in compliance with the GMP regulation

(21 CFR Part 820).

Furthermore, the new legislation, section 522(a)(1l), of the Act,
states that if your device is a permanent implant the failure of
which may cause death, you may be subject to required postmarket
surveillance. If the premarket notification for your device was
originally received on or after November 8, 1991, is subsequently
found to be substantially equivalent to an Aneurysm Clip,
Annuloplasty Ring, Artificial Embolization Device, Automatic
Implanted Cardioverter pDefibrillator System, Cardiovascular
Intravascular Filter, cardiovascular Permanent Pacemaker Electrode
(Lead), Central Nervous System Fluid Shunt, Coronary Vascular Stent,
Implantable Pacemaker Pulse Generator, Implanted Diaphragmatic/
Phrenic Nerve Stimulator, Intracardiac Patch or Pledget,
Intravascular Occluding Catheter, Replacement Heart Valve, Total
Artificial Heart, Tracheal Prosthesis, Vascular Graft Prosthesis
(less than 6 mm diameter), Vascular Graft Prosthesis

(6 mm or greater diameter), Vena Cava Clip, or Ventricular Assist
Device - Implant, you will be subject to the required postmarket
surveillance and so notified of this determination in your
substantially equivalent letter. (some of the above listed types
of devices may require a premarket approval application).

This list is subject to change without notification. If you have
any questions as to whether or not your device may be subject to
postmarket surveillance or about this program, please contact the
Postmarket Surveillance Studies Branch at (301) 594-0639.

please note that the SMDA may have additional requirements

affecting your device. You will be informed of these requirements
as they become effective.

Please remember that all correspondence concerning your submission
MUST be sent to the Document Mail Center (HFZ-401) at the above
letterhead address. Correspondence sent to any address other than
the Document Mail Center will not be considered as part of your
official premarket notification submission. Because of equipment
and personnel limitations we cannot accept telefaxed material as

part of your official premarket notification submission, unless
specifically requested of you by an FDA official.

Questions? Contact FDA/CD\ CE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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1f you have procedural or policy questions, please contact the
pivision of Small Manufacturers Assistance at (301) 443-6597 or
their toll-free number (800) 638-2041, or contact me

at (301) 594-1190.

Sincerely yours,

Marjorie Shulman
Supervisory Consumer safety Officer
Premarket Notification Section
Office of Device Evaluation
Center for Devices and

Radiological Health

Questions? Contact FDA/CDF\ E/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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PREMARKET NOTIFICATION (510(k)) STATUS REQUEST

TOo: 510(k) Status Coordinator
pivision of Small Manufacturers Assistance (HFZ-220)
Center for Devices and Radiological Health, FDA
5600 Fishers Lane
Rockville, MD 20857
USA
Fax Number: (301) 443-8818

Please provide the status of the 510(k) identified below. Please send the
information to the requester identified in section B by (check one):

fax

mail

SRS

A. Sponsor Information:

1. Name of 510(k) sponsor:

2. Sponsor's mailing address:

B. Requester information:

1. Request name:

. Requester affiliation with sponsor:

3. Requester mailing address:

4. Request fax number (if applicable):

5. Requester telephone number:

Cc. 510(k) information:

1. Product name:

2. 510(k) number:

3. Date logged in by office of Device Evaluation
(ODE) (as identified in acknowledgment letter
from ODE):

Name of contact person identified on
firm’s 510(k) submission:

o-ooooocoo.ocoooooo--.oooon.o-ooo. ooooooooo s 0 e 0 0 .ou-ooo-u.u--.nooo--o..o

_.certify that the above information is accurate ané.truthful to the
best of my knowledge.

Questions? Contact FDA/CHR E/DID at CDRH-FOISTATU

(Rev:2) equester S1
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& Linvatec ‘m‘“ ‘ﬂl

11311 Concept Boulevard  Largo, Florida 34643 813 399-5281  Fax: 813 399-5253

Ooffice of Device Evaluation
510(k) Document Mail Center (HFZ-401)

Center for Devices & Radiological Health
Food And Drug Administration

1390 Piccard Drive
Rockville, MD 20850

Re:

April 6, 1994

31 F
5

AR ggﬁ;@&&3§¥65
EUA L

= H
i1 Lt 3

510(k) Notification

Revo™ Rotator Cuff Repair System

Dear Sir/Madame:

As per part 807,

Regulations Linvatec Cor
of 510(k) Premarket Noti

Repair System.

Subpart E of Title 21 of the Code of Federal

poration is hereby submitting two copies
fication concerning the Revo Rotator Cuff

We are requesting Tier I review, as this submission falls into
888.4540 Orthopedic Manual Surgical Instruments, Class I.

Please address any questions concerning this submission to my
attention.

Sincerely,

Carol A. Weideman,

Ph.D.

Manager, New Product Applications

Enclosures

Fed. Express

Questions? Contact FDA/C

%m@rﬁ&-@ﬁﬁsﬁﬁlﬁi@ﬂﬁ@ma.hhs.gov or 301-796-8118
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CONFIDENTIAL
S10(K) NOTIFICATION

Revo™ Rotator Cuff Repair System

April 5, 1994

Linvatec Corporation
11311 Concept Boulevard
Largo, FL 34643

Questions? Contact %%?H/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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INTRODUCTION

The Revo 4mm Cancellous Screw is presently approved for
rotator cuff repair of the shoulder under 510(k) #K924921.
The items included in this submission are instruments and/or
accessories which may be used in conjunction with the Revo
4mm Cancellous Screw, Driver and Drill for rotator cuff
repair of the shoulder. These instruments are hand-held
devices intended for medical purposes to manipulate tissue,
and/or for use with other devices in orthopedic surgery.

The Revo Suture Threader (Catalog #C6103) is used to thread
the suture through the cannulated portion of the Revo
Screwdriver. This device is manufactured at our Largo
facility.

The Knot Pusher (Catalog #C6104/C6112) is used to advance or
slide knots into position. This device is manufactured at
our San Dimas facility.

The Crochet Hook (Catalog #C6105) is used to manipulate

and/or retrieve suture. This device is manufactured at our
San Dimas facility.

The Bone Punch (Catalog #C6107) is used to create a pilot
hole in the bone trough, thus providing a starter hole for
the Revo 4mm Cancellous Screw. This device is manufactured
at our San Dimas facility.

The Hawkeye Suture Needle (Catalog #C6001) is used to spear
through tissue and with the eyelet open, capture suture
strands to accomplish soft tissue stitching. This device is
manufactured at our Largo facility.

The Shuttle-Relay Suture Passer (Catalog #C6004) is an
instrument used to pass suture through the tissue. This
device is manufactured at our Largo facility.

The Suture Retrieval Forceps (Catalog #16.1018) 1is used to
help manipulate and/or retrieve the suture. This device is
manufactured at our San Dimas facility.

The Micro Scissors (Catalog #2.10011) is an instrument used
to cut excess suture above a tied knot. This device is
manufactured at our San Dimas facility.

The Suture Punch (Catalog #18.1008) is an instrument used to
spear through tissue and pass suture. This device is
manufactured at our San Dimas facility.

The Sterilization Case (Catalog #C6108) is for convenience
in storing and sterilizing manual instruments which can be
used to repair rotator cuff tears. This device is
manufactured at our Largo facility.

Questions? Contact F%C%ES/OCE/DID at CDRH-F]OISTATUS@fda.hhs.gov or 301-796-8118
A
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The following information is supplied in accordance with
Public Law 94-295, "Medical Device Amendment", Section
510(k) requiring premarket notification.

Linvatec manufactures all its products and maintains such
records as it considers necessary to satisfy the known
requirements of the Act. Linvatec Corporation and Shutt
Medical Technologies, A Division of Linvatec, hereby
notifies the Food And Drug Administration of its intent to
market the following:

1. MANUFACTURER IDENTIFICATION:

Linvatec Corporation
11311 Concept Boulevard
Largo, FL 34643
Registration No. 1017294

Shutt Medical Technologies

A Division of Linvatec Corporation
545 Terrace Drive

San Dimas, CA 91773

Registration No. 2022690

Contact Person: Carol A. Weideman
Manager, New Product Applications

2. DEVICE IDENTIFICATION:

Proprietary Name: Revo™ Rotator Cuff Repair System

Common Name: Suture Threader
Knot Pusher
Crochet Hook
Bone Punch
Needle
Suture Passer
Forceps
Scissors
Punch
Case

Classification Name/Reference:
888.4540 Orthopedic Manual Surgical Instrument
Proposed Class/Device Product Code: Class I

3. INTENDED USE:

These devices are indicated for use in conjunction with
the Revo 4mm Cancellous Screw, Screwdriver and Drill in
rotator cuff repair of the shoulder.

, ("
Questions? Contact FDA/(%?\/OCE/DID at CDRH-FCﬁSTATUS@fda.hhs.gov or 301-796-8118
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INTENDED USE CONT’D:

A copy of advertisements and labelling are included in
Exhibit 1. Pictures of the devices are included in
Exhibit 2.

4. DEVICE DESCRIPTION:

The Revo Suture Threader is used to thread the suture
through the cannulated portion of the Revo Screwdriver.

The Knot Pusher is used to advance or slide knots into
position.

The Crochet Hook is used to manipulate and/or retrieve
suture.

The Bone Punch is used to create a pilot hole in the

bone trough, thus providing a starter hole for the Revo
4mm Cancellous Screw.

The Hawkeye Suture Needle is used to spear through
tissue and with the eyelet open, capture suture strands
to accomplish soft tissue stitching.

The Shuttle-Relay Suture Passer is an instrument used
to pass suture through the tissue.

The Suture Retrieval Forceps is used to help manipulate
and/or retrieve the suture.

The Micro Scissors is an instrument used to cut excess
suture above a tied knot.

The Suture Punch is an instrument used to spear through
tissue and pass suture.

The Sterilization Case is for convenience in storing
and sterilizing manual instruments which can be used to
repair rotator cuff tears.

Engineering drawings are included in Exhibit 3.

5. MATERIALS:
(b) (4)

Questions? Contact FD/A}\ @OCE/DID at CDRH-F%)ISTATUS@fda.hhs.gov or 301-796-8118
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Questions? Contac{ FDAYCPRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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MATERIALS CONT’D:
(b) (4)

6. LABELING:

Labeling and advertisements are included in Exhibit 1.

7. ONA NFORMATION:
Additional information is not needed to prove
substantial equivalence of these devices.

8. CLINICAL DATA:

Clinical data are not required.

9. STERILITY INFORMATION:

The Suture Threader, Knot Pusher, Crochet Hook, Bone
Punch, Suture Retrieval Forceps, Micro Scissors, Suture
Punch and Sterilization Case are supplied non-sterile,
reusable and can be steam sterilized as follows:

Steam Sterilization Guidelines:
(b) (4)

Questions? Conta%k/(j}RH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
C
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10. PACKAGING DESCRIPTION:

The Suture Threader is packaged non-sterile in 20 Pt.
SBS Folding Carton. Product identification and lot
number will be accomplished with a label applied to the
outside of the carton.

The Knot Pusher is packaged non-sterile in a paperboard
box with foam inserts to protect the instrument from
movement. Product identification and lot number will be

accomplished with a label applied to the outside of the
box.

The Crochet Hook, Bone Punch, Suture Retrieval Forceps,
Micro Scissors, and Suture Punch are packaged non-
sterile in a clear plastic case with foam inserts to
protect the instrument from movement. Product
identification and lot number will be accomplished with
a label applied to the outside of the case.

The Hawkeye Suture Needle is packaged sterile, single
use in a polyethylene peel pouch with spunbonded olefin
lidding and then placed into a folding carton. Product
identification and lot number will be accomplished with
a label applied to the outside of the pouch and folding
carton.

The Shuttle-Relay Suture Passer is packaged sterile,
single use in a spunbonded olefin/polymylar peel pouch
and then into a SBS folding carton. Product
identification and lot number will be accomplished with

a label applied to the outside of the pouch and folding
carton.

The Sterilization Case is packaged non-sterile. The
base tray and lid, are placed into plastic bags. The
closed tray is then wrapped in bubble-wrap for
protection. The wrapped tray is placed in a C-Flute
corrugated box and sealed. Product identification and
lot number will be accomplished with a label applied to
the outside of the box. Packaging drawings are
included in Exhibit 13.

11. SUBSTANTIAL EQUIVALENCE INFORMATION:

The Revo Rotator Cuff Repair System instruments are
substantially equivalent to orthopedic manual surgical
instruments currently on the market. This 510(k) is
being filed for their use with and/or as accessories to
the Revo 4mm Cancellous Screw K924921, a class II
device.

/
Questions? Contact FD RH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
I
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12. 510(k) STATEMENT:

Safety and efficacy information for the Revo Rotator
Cuff Repair System Accessories is available, excluding
confidential manufacturing processes, to interested
persons upon written request.

I certify, to the best of my knowledge, that a
reasonable search of all information known or otherwise
presently available to Linvatec Corporation has been
conducted concerning the safety and effectiveness

information for the Revo Rotator Cuff Repair System
Accessories.

//“,:
__ {\_,C b’(; Clr A ,—Z/\/[, /5/7/
Signature of responsible person Date

Name of individual signing certification:
Carol A. Weideman, Ph.D.

Title: Manager, New Product Applications
Company Name: Linvatec Corporation
Address: 11311 Concept Boulevard, Largo, FL 34643

Phone: 813/399-5334

Questions? Contaét FDA/CPRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
¢ !

..
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CONTENTS

Exhibit 1 Catalog Page & Labeling
Exhibit 2 Pictures of Device(s)
Exhibit 3 Engineering Drawings of Device(s)
Exhibit 4 ASTM A-554-90 (304 Stainless Steel)
Exhibit 5 ASTM A-564-92 (17-4PH Stainless Steel)
Exhibit 6 ASTM B-211-92a (6061-T6 Aluminum)
Exhibit 7 ASTM D-5205-91 (Polyetherimide)
Exhibit 8 ASTM D-4066-92a (Polystyrene)
Exhibit 9 ASTM A-908-91 (T304 Stainless Steel)
Exhibit 10 ASTM A-666-92 (301 Stainless Steel)
Exhibit 11 Nylon 11 Material Safety Data Sheet

Biocompatibility Testing
Exhibit 12 ASTM A-269-92 (300 Stainless Steel)
Exhibit 13 Packaging Drawings

Questions? COHtéC%@DRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
5%
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Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Cat. No.
4mm Revo Cancellous Screw (sterile, single use) Ce101
Revo Instrument Set
Revo Screwdriver Ce102
Revo Suture Threader C6103
Knot Pusher C6104
Crochet Hook Cs105
2mm Drill Bit C6106
2mm Bone Punch C6107
Sterilization Case Ce108
Accessories '

Hawkeve Suture Needle (sterile, single-use, 6 per box) C6001
Shurdle-Relay Suture Passer (sterile, single-use, 10 per boX) wouvovvevroommmmenor, C6004
Suture Retrieval Forceps 16.1018 -
2.75mm Micro Scissors, Straight 2.10011
4mm Tip, Surure Punch, Slotved Jaw (modifiéd) 18.1008

Records processed under FOIA Request # 2015-9559; Released by CDRH on 09-12-2016

tator Cuff
Repair System®

® Designed specifically for arthroscopic
and open rotator cuff repair, the Revo
screw has 4mm wide cancellous
threads that provide superior bone
purchase. With over 2% times more
pullout strength than the break
strength of #2 braided suture, strong
fixation is assured.

® Can be safely and completely retrieved
from bone should the suture fail.

© Can be introduced into the joint
withour a cannula, thereby providing
unrestricted placernent.

* Developed i comuncion wrth
Stephen |. Srvder, M.D., Van Nuvs, CA

Questions? Cé/ntjé%t /PDM CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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Revo™ Rotator Cuff Repair System

LABELLING

- REVO"THREADER
'NON STERILE

CAUTION: FEDERAL LAW RESTRICTS THIS DEVICE TO
; SALE BY OR ON THE ORDER OF A PHYSICIAN.

- LOT NO. XXXXXX
| AB5-485-701 A 5-979

!
{ Llnvatec 11311 CONCEPT BLUD..LARGO FL 34e3
: Concept Asthroscopy

. CAT.NO.C6103 REVO"THREADER
P QUANTITY: 1

P60-524-000

Shulf

CATALOG NO: C6llz
LOOP KNOT PUSHER

Lot No. XXXX

POOT1 Not Sterile

Shutt’

Medical Technologies

CATALOG ND: 261250
REVO(TM) RICHET -00K

Lot No. XXXX

POO1 Not Sterile

Questions? Qdﬁ?cL’F%CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
e ,

> D
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Revo™ Rotator Cuff Repair System

LABELLING

Shutt’

Modical Technologias

CATALOG NO: csl@y”
REVO(TM) 2MM RONE “'NCH!

Lot No. XXxXx

PO} Not Sterile

Questions? Cor% FQA/\DRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
"

) .
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Revo™ Rotator Cuff Repair System

LABELLING

ooty cwm GpE e ROl P
‘“’"'E'r‘m PR RHUU o N
Al :

i T e

RS R

Vs b ] 0
STHGLE USE. DO NOT RESTERILIZE.
HTEED [F FRCEACE HAt NOT

T TEMRGED. S4TENT FENGIRG

< ; L L&MW BESTRIZTS THIE DEHITE
TG OIHLE BY % THE QGRDER 35 w PHYSICIAM
MU : RIERILE 10/ 1Y

R I SR Y D300 250 Had

Linvatec Corporation

11311 Concept Blvd Linvatec

Largo, FL 34643 USA Concept Arthroscopy
P60-204-000

HAWKEYE" SUTURE NEEDLE STRAIGHT
STERILE, SINGLE USE
DO NOT RESTERILIZE

STERILITY GUARANTEED IF PACKAGE HAS NOT BEEN
OPENED OR DAMAGED.

CAUTION: FEDERAL LAW RESTRICTS THIS DEVICE
TO SALE BY OR ON THE ORDER OF A PHYSICIAN.

PATENT PENDING

LOT NO. XXXXXX STERILE XX/%X
A30-404-702 B 977 CoB@ 2.5 M Rad

«§ LINVATEC

QUANTITY: 6 HAWKEYE™ SUTURE
CAT.NO.CE0O1 NEEDLE STRAIGHT

P60-524-000

HAWKEYE SUTURE NEEDLE,STRAIGHT LOT NO.XXXXXX
CAT.NO.C6001 LINVATEC CORPORATION
A30-404-701 A 546 LARGO, FL. 34843

Questions? Contact ED. 2RH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118

D,
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IMPORTANT PRODUCT INFORMATION
Hawkeye™ Suture Needle

A. Description

r—

The Hawkeye Suture Needle provides a unique meang of passing or retrieving any
suture type up to a USP #2 for various applications fér arthroscopic tigsue repair of
the shoulder and knee. The Hawkeye Suture Needle ¢an be used tocreate simple,
mattress or complex suture patterns. ~

Note: The Hawkeye Suture Needle is intended for single use only and is packaged
sterile, six per box.

B. Directions for use

1. Suture passing - The desired suture is loaded in the needle by opening the
atraumatic eyelet with the actuator located on the handle. The eyelet is opened
by sliding the actuator proximaily. The suture is captured in the eyelet and the
actuator is retracted distally. It is important to keep the eyelet closed during
the passage through tissues. The tip of the Hawkeye Suture Needle passes
through to expose the tissues and the previously ioaded suture is visualized in
the tip. The eyelet is opened by sliding the actuator proximally and the suture is
disengaged. The eyelet is then completely dosed and carefully retracted from
the tissue, leaving a loop of suture through the tissues. The loop can be
retrieved by using suture retrieval forceps and the previous steps are repeated
until the desired stitch is completed and the sutures are ready to tie.

2. Suture retrieval - The Hawkeye Suture Needle is passed through a cannula into
the joint. It is important to keep the eyelet closed during the passage through
tissues. The suture needle is passed through both edges of the tissue. The
eyelet of the suture needle is opened by sliding the actuator located on the
handle proximally. The suture is inserted into the eyelet of the needle and the
eyelet is closed by retracting the actuator distally. The needle is retracted out
through the tissue and the steps are repeated until the desired stitch is
completed and the sutures are ready to tie.

C. Wamings

The Hawkeye Suture Needle contains a sharp tip at the distal end; handle with
care. It is important to keep the eyelet closed during the passage through tissues.

D. information

For information, or a demonstration, contact your local Linvatec Representative,
or call 1-800-327-0169. Written inquiries should be addressed to:
Linvatec Corporation, 11311 Concept Boulevard, Largo, Florida 34643.

Linvatec
P55-045-000 Concept Arthroscopy

o

b

Questions? Contact F%C RH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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Revo™ Rotator Cuff Repair System

LABELLING

CONCEPT® SHUTTLE-RELAY™
SUTURE PESSING SYSTEN

STERILE., SINGLE USE

DO NOT RESTERILIZE. STERILITY GUARANTEED
IF PACKAGE HAS NOT BEEN OPENED OR DANAGED.

CAUTION: FEDERAL LAM RESTRICTS THIS DEUVICE
TO SALE BY OR ON THE ORDER OF A PHYSICIAN.

U 3. PATENT NO. S, 250, 053

LOT WO, XXXXXX STERILE XX/XX
A23-636-701 C 822 Co60 2.5 1t Rad
11311 Concep Linvatec
::‘roggbﬂ-_gggﬂ USA Concept Arthroscopy

Shutt’

Meodical Technologies

CATALOG NO: 16.1018
SUTURE. RETRIEVAL FORCEPS
ARTHROSCOPIC

U.S. PATENT NO: D274,3%96

Lot No. XXXX

POO11 Not Sterile

Questions? Contact E%/QD/‘H/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
./,/
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invatec
Concept Arthroscopy

™

ay

™
]
o
o]
=1

4/5/94 8:49 MM

The Concept® Shuttle-Relay™ Suture Passing System

Surgical Technique

Shuttle-Rel

A35-636-7

Questions? Contact FDA/CDRH/O(Z’E//E)?Dél{]CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118

N




Records processed under FOIA Request # 2015-9559; Released by CDRH on 09-12-2016

Suipuag suareg

VO ‘séup uep

amnsuy spaedoysi) eNUOJI[ED) WIApNOG
“@'W ‘phug f uxgdag

£q paquasap anbnuyes jesdms pue

ysim uonounfuos ur padopasg

“sjuatredy
2)eDAD JOUAUE PISNAL JO UONEXYI Y3 pue ‘edas
Jeostuaw “‘sisapouay sdasiq ‘suoisd| Jy1S ‘Jno J01EI01

‘qunqe] pue sjnsdes Jouue A Jo sreda sidoosorpize

se yons s21npad0ad [eordins sipoedoyuio utenas

w yoeosdde 2au9pg2 ue sapiacad ummsks sy, -onssy

3j0s Jo SuuTgns JeORIEENUI JOJ PIsn 3q 03 AIMNS pIplelq
smofJe waskg Sursseq amung Aefoy-apanyg adeouo) 3y,

$0092 ‘ON 18D wayshs Suissey
aining _ Aejay-sminys ,1dsouo) ay|

v abeg

WY 6b:8 ¥6/G/¥

Questions? Contact FDA/CDRH/Q/QID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118

«fA70L-9€9-GEY

\



Records processed under FOIA Request # 2015-9559; Released by CDRH on 09-12-2016

“Yool 330D ¥ Jo sdoioyf

[eAdtmay Jamng Qim
P[NUUR PUOSIS R 3NO
quur] 20Tyns U0 2AANY

zanfy

7

$0092 "ON "1eD wayshs Suissed
aimns , Aejoy-aminys (4daduod syl

*amyns popieiq
3]qeqiosqe-uou s
PopeO} ‘10yduE 3uU0q B
juejdun pue ais posedard
3 oqut 3joy Jjeuss e i
} aundyy

A/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118

-~

anbjuyoay jex1ding

Questions? Cont%}{l;

G @bed WV 15:8 P6/G/V »HZ0L-9€9-GEY



Records processed under FOIA Request # 2015-9559; Released by CDRH on 09-12-2016

utol o ogut Yoeq
Aepay-apnys Ap pena
UM ‘enuured puoxds A
IpHIN 3945 nys Ap
oqut qui| s 3 peo]
¥ andy

+009D "ON '1eD waysAs 3uissey
ainyng _ Aejay-apanys gdsduod ayy

urol a3 Jo Ipisino J[qlsia s 391943 Aanys Ap __u...s
Fjnuues puo3os 3 Ino Iadsesd v qim 11 34321 pue

uamnnsul 3y YBnosq Kepay-opIngs s urApy

"anssy A Y3norp

dn o ssed pue gpuue
181 R O3UT Ap3°U
MOJJOY 30 ‘Young umng
JOOH 2IMng ® 1IsU|
gamdy

anbiuyday [en8ing

s

ontact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118

ot

Questng

9 @bed WV ¥S:8 P6/G/F +HIZOL-9EI-GEY



Records processed under FOIA Request # 2015-9559; Released by CDRH on 09-12-2016

"P[nUUED PUCOIs Ay} N0

31 15RIR1 PUE YOOY YOO
® 10 8420104 [EANIRY
Aming (M quItf 3mmuns
puacas oy dse ‘yoype
ssomewt ¢ 99jdwiod O]
9y

$009D ‘ON 18D Wayshs Suissed
ainng _Aejoy-amnys ¢1dasuod syl

Wy snp

3& yoyus 9j3uis € apduico
0} UMOIL 3q e JouY

dyjs & ‘poxisop J] “euued
1y Y3 no pue anssu AP
ylnony quitf ammuns Hp
{pun popro] A p nd
) Aepy-apanys 3 Jo pw
ausoddo ap 1ena1 Ay
g amdyy

L obed WY 96:8 ¥6/S/¥

tact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118

ety

+820L-9€9-6¢EY



Records processed under FOIA Request # 2015-9559; Released by CDRH on 09-12-2016

“Junof a1 oqut yoeq
Aepy-opanyg ap e
U ‘EnUTEd puocs Ap
apEIno 19pLd apnys Xp

Qyut quisf aimns 3ty peo’]

g amSy

#0092 "ON e wid)shs Bussed
amns _Ae[ay-aminys (dsouod syl

-utol 3 jo aprsano
J|qista st 39pp4a spanys
) [oun eMUUED puos
aup ano sodsead e pim
3133131 PUB JUALRLYSUT
a1 ySnonp Lepy-omnyg
ays soueape ‘uredy

‘ssed 1819 o woy

Aeme unug Lpreumxoidde
anssn %p Y3norp

dn 2y ssed pue gpuue
384 Rp Ut pacu
Mofjoy 10 ‘Young unIng
“00H 231ung 33 11su]
Lamdy

anbjuyoay [ea18ins

g obed WY 65:8 V6/G/V¥

+820L-9€9-GEY

or}fa\‘:t FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118

Question

sy



Records processed under FOIA Request # 2015-9559; Released by CDRH on 09-12-2016

R R
$SOIEW 3O SIPINS Auis
[e32A38 pue s30ydUe 0]

§o s2u2s ¢ Suisn ampaooad
sup yeadal Onss jo
uogs3s 123re[ v A0S O]

-sysnd jouy €
Sursn asmuns 3 30 oINS
ssomews o 29jduwos o],

o1 am3y

$0092 "ON ‘1&) waysAs Juyssed
anng , Aejay-apnys Gdasuod ayl

*B[NUWED 1831 S} INO pue
anssn o Y3nolp amns
3P [ 19[a4d 3 f[nd

o kepy-opanys ap jo pud
ansoddo ap penos Ay

6amdyy

6 abed WY 10:6 ¥6/G/V

ct FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118

el

Questio

»dZ0L-9E9-GEY



I

BZ0L-9€9-SEV

-FOISTATUS@fda.hhs.gov or 301-796-8118

9GZG-66E-ELBXVS VSN EFOVE epHoly "odreq Adoasaiyuy 1dasuo)
6910-LE2-008  Preadpnog ydoouod LLELL l—
¥ov9-Z6€-€L8 vopesodio) dajeAul] Uwﬂgﬂ-.—.

VOOWU .................... wveueseseveseseserscsstsnanerrartee Auncﬂﬂ huﬂ Euuv
wosAg Suisseg amng , Ae[oy-opInyg 41dasuo) sy,

‘ON "18) uondisa(q

@act FDA/CDRH/OCE/DID at CDRH

uoeuLioju] SuLapIO \fw\,\

—
[72]

Records processed under FOIA Request # 2015-9559; Released by CDRH on 09-12-2016

WY 8%:8 $6/G/p +8TOL-9E9-SEY

¢z abeg



Records processed under FOIA Request # 2015-9559; Released by CDRH on 09-12-2016

Quésti

Revo™ Rotator Cuff Repair System

LABELLING

Shutt’

El Medical Technologies

' CATALOG NO: 2.10011

. MICRO SCISSORS, 2.75MM DIA.
| STRAIGHT

. U.S. PATENT NO: D274,09

Lot No. XXXX

POOTY Not Sterile

e

Medical Technologies

CATALOG NO: 18.1008
SLOTTED SUTURE PUNCH
, MODIFIED JAW, 4&MM
: PAT. 4,890,615; 4,923,461;
© 4,957,498

Lot No. XXXX

POO11 Not Sterile

REVD ROTATOR CUFF
FLAATION SY5TEN
STERILIZATION TRAY

CAUTION: FEDERAL LAW RESTRICTS TMIS DEVICE T0
SALE BY OR ON THE ORDER OF f PHYSICIAN.

LOT NO. XXXXXX

A55-474-700 A 584

Linvatec Corporation

nyi al -
11311 Concept Bivd. Linvatec
Largo, FL 34643 USA Concept Arthroscopy
P60-204-000
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Reve™ Rotator Cuff Repair System Instruments

Suture Threader
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Reve™ Rotator Cuff Repair System Instruments

Crochet Mook
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Reve™ Rotator Cuff Repair System Instruments

Hawkeye Suture Meodis
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Reve™ Rotator Cuff Repair System Instruments

Suture Retievasd Forceps

Blicre Scissnrs
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Revo™ Rotator Cuff Repair System Instruments

Suture Punch
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qﬁ“’ Designation: A 554 - 90

Standard Specification for

Welded Stainiess Steel Mechanical Tubing'

This standard 1§ 1ssue0 unaer tne fixed desienauon
onmnal 2a0puoN Of. 1N INE Case Of TEVISIoN. I vear

A $34: tne numoer immeaiateiv following tne designation indicates the vear of

of 1281 TEVISION. A NIUMDET 1N Parentneses indicates the vear of iast reapproval. A
Superscnpt epsiion Lo \ngicates an edional cnange since 1Ne 1ast revision Of reapproval.

This speciiication nas el
Stanaaras 10r the SDECIic vear Of ISsue wnicn nas oeen

1. Scope

1.1 This specification covers weided stainiess steel tubing
for mechanical applications where appearance. mechamcal
properties. Or COITOSIOn resisiance 1S needed. The grades
covered are listed in Tabie 1.

1.2 This specificanon covers as-welded or cold-reduced
mechanical tubing in sizes 10 16 1. (406.4 mm) outside
diameter. inciusive {for round tubing) and 1n wall thicknesses
0.020 in. (0.51 mm) and over.

1 3 Tubes shail be furmsned in one of the foilowing
snapes as specified by the purcnaser. round. square. rectan-
guiar. or special.

|.4 Suppiememary requirements of an opuonal nature
are provided and when desired shail be so stated 1n the orger.

1.5 The values swated in incn-pound units are 1o be
regarded as the standard.

7. Referenced Documents

2.1 ASTM Stanaards:

A 370 Test Methods and Definitions for Mechanical
Tesung of Steei Products”

E 30 Test Methods for Chemical Analysis of Steel. Cast
iron. Open-Hearth Iron. and Wrought Iron”

E 59 Method of Sampiing Steei and fron for Determina-
tion of Chemical Composition®

2 2 Militarv Stanaaras:

MIL-STD-129 Markng for Shipment and Storage”

MIL-STD-163 Steel Mill Products Preparauon for Ship-
ment and Storage’

~ 3 Federal Stanaard:

Fed. Std. No. 123 Markung for Shipments (Civil Agencies)®

3. Ordering Information

3.1 Orders for matenai under this specificauon should

inciude the following, as required. 10 descnbe the desired
matenal adeguateiy:

3.1.1 Quanuty (feet. mass. or number of pieces).

3.1.2 Name of matenai (weided stainless steel mechanicaj
tubing).

eeeme————————————

This $DECIICAUON 1S UNALT the 1wnsaicuon of ASTM Commuttee A-1 on Steet.
Stainiess Steet. and Relatea Altovs ang is tne curect responsioLity of Subcomminee
A01.10 on Tubing.

Current eqiuon approved Fez. ZZ. 1990 Published Ao 1990. On@mnam
~ubiisnea as A 354 - 05. Last previous eqiuon A $54 - 88a.
> annual Book of ASTM Sianaaras. Yol 01.01. 01.03.
snnuat Book ot ASTM Sianaaras. Vol 03.05. -

+ avaiable from Stanaaraizauon Documents Order Desk. Blde. 4 Secuon D
-0 Robbins ave.. Phuladeipnia. PA 1911 1-5094. Aun: NPODS.

en approved for use ov agencies of ine Department of Detense. Consuit ine DoD Inaex or Specttications ana
agopiea ov tne Depariment of Detense

3.1.3 Form (round. square. rectanguiar. special. see

3.1.4 Dimensions:

3.1.4.] Round-outside diameter and wail thickness i
conditions (Secuon 8). Alternauvely. for coid-reduced ¢
uon. outside diameter and inside diameter or inside dia:
and wail dimensions may be specified.

1.1.4.2 Square and rectangular outside dimension:
wall thickness (see 9.1).

3.1.4.3 Special (1o be specified).

3.1.5 Length (mill lengtns. cut jengths. or muiupie ie
3N

9

.1.6 Grade (Table 1.

.1.7 Condition (see 6.1).

1.8 Inside diameter bead condition tsee 6.2).

1.9 Surface finish {see 11.1 througnh 11.3.

.1.10 Report of Chemical Anaiysis if required (S

(3

{

wwwu:ﬁ

Lo

EAR

3.1.11 Individual supplememary requirements.
quired.

3.1.12 End use.

1.1.13 Specification designauon.

3.1.14 Special requirements.

31.1.15 Special marking (Section 14). and

3.1.16 Special packing (Secuon 13).

4. Process

3.1 The steel mav be made by any process.

42 If a specific type of meiung 1s required ¢
purchaser. 1t shail be stated on the purchase order.

4.3 The pnmary melung may !NCorporate st
degassing or refining and may be followed bv sec
meiting. such as eiectrosiag remeiung or vacu
remetung. If secondary meiung 1s empioved. the heat s
defined as ail of the ingots remeited from a singie ©
heat.

44 Steel mav be cast in ingots or may be stran
When steel of different grades are sequenuaily stran
identification of the resuitant transition matenai is re
The producer shall remove the transiuon matenai
established procedure that posiuveiy scparates the gz

3. Materniais and Manuiacture

31 The twbes shall be made from tlat-roiled stee:

automauc weiding process without the addiuon ¢
metal.

6. Condition

6.1 The tubes shall be furnished in any of the (¢
condiuons as speciiled:

~Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUQ@@fda.hhs.gov or 301-796-8118
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TABLE 1 Chemcai Reauiwrements

Composmon.

~ Manga- Pnos- -

Sraae c ® o

=8 \.arﬂ:n. nese. onorus. S;lah: 3'11":‘"' Nrcxet Chromwum  Motvbaenum Tiamum Columonsm

max max ‘ - Tanum
Austemuc
47.301 213 2.00 0.040 0.030 ©.00 5.0-8.0 16.0-18.0
\4T-302 2.18 2.00 0.040 0.030 100 3.0-10.0 17.0-19.0
UT-304 0.08 2.00 0.040 0.030 * 00 8.0-11.0 18.0-20.0
MT.3040 0.0354 2.00 0.040 0.030 * 00 8.0-13.0 18.0-20.0
WT-305 0.12 2.00 0.040 0.030 +.00 10.0-13.0 17.0-18.0
\MT-309S 0.08 2.00 0.040 0.030 1.00 12.0-15.0 22.0-24.0 )
\WT-309S-Cb 0.08 2.00 0.040 0.030 ©.00 12.0-15.0 22.0-24.0 <
WT-310S 0.08 2.00 0.040 0.030 1.00 19.0-22.0 24.0-26.0
UT-316 0.08 2.00 0.040 0.030 1.00 10.0-140 16.0-18.0 2.0-3.0
MT-316L 0.0354 2.00 0.040 0.030 1.00 10.0-15.0 16.0~18.0 2.0-3.0
MT-317 0.08 2.00 0.040 0.030 1.00 11.0-140 18.0-20.0 3.0-40 ..
MT-321 0.08 2.00 0.040 0.030 1.00 2.0-13.0 17.0-20.0 a
MT-330 0.15 2.00 0.040 0.030 1.00 33.0-36.0 14.0-16.0 ..
MT-247 0.08 2.00 0.040 0.030 1.00 9.0-12.0 17.0-20.0 c
Ferrmc
uT-429 3.12 1.00 0.040 0.030 1.00 0.50 max 14.0-16.0
UT-430 0.12 1.00 0.040 0.030 100 0.50 max 16.0-18.0
UT-430-Ti 0.10 1.00 0.040 0.030 *.00 0.075 max 16.0-19.5 2 x Cmm
0.75 max

« Cor sMaN GAMETEr Of (i WAKS Of DOTN. wners many

orawing passes are requred. a caroon content of 0.040 % max 1s necessarv in graces MT-304L ang MT-316L.
smmwwmmummwO.SMn.nZ] MM 1N CULICE CIAMEEr aNd hont wail tubes as those iess man 0.049 . (1.24 mmin average
wak TICKNeSS.

Bmwmwmmmmmmmmmmmmmmawx.

=memmwmmmtmmtmummwmmlnmnotmoreman1.002_

6.1.1 As welded. 6.2.3 Bead removed.

6.1.2 Welded and annealed.

6.1.3 Coid reduced. and 7. Heat Analysis

6.1.4 Cold reduced and annecaied. 7.1 An anaiysis of each heat of steel shail be made by the

6.5 The inside diameter bead shall be furnished in any of  steel manufacturer to determine the percentages of the
1he following conditions as specified: elements specified. If secondary meiting processes are em-

6.2.1 Bead not removed. ploved. the heat analysis shall be obtained from one remeliec

6.2.2 Bead controlled to 0.005 in. (0.13 mm) or 15 % of ingot or the product of one remelted ingot of each pnman
'ne wall thickness. whichever 1s greater. and

meit. The chemical composition thus determined. or that

TABLE 2 Diameter, Wail.* and Ovaity Tolerances

(Al Cohomons Excent Tubng with Bead Removea

NOTE W—Ovmsmmmmmmmmmmwumvwmssecuon, There IS NO A0QINONA! IOHMCANCE TOr OVAKTY Of
'.mmmlmwumammszmmmw.

NOTE 2-—FOf $1288 UD 10 And INCIUCING 5-n. (127.0-MmM) outsioe Cumeter. an ovanty (Olefance Of Twice the tabular OUTSIOe CIAmeter ICIerance SOread SNOWN 1S A00keC
mnanummmmnmmwmnummgamuwmamsmsxammmmmmomm. The average Of the MAXKTIUM AN ITWNITIIM OULSIOE
::w«nwmtummmmmumnmsm.

NOTE 3—For sizes Over S-n. (127.0-mm) to ana nctucing 16-n. (406.4-MM) OUTSIOE CAAMESTET. when the SOBCINed wal icxness 1s 3 % OF less of the outsioe clameter
e Ovauty Shaj NOt axceea 1.5 % of the spechea outsice admeter.

wal Thicxness Q0. =
QD Sze. n. imm

" mm " mm
unoer 2 {12.7) 0.020 to 0.049 0.51101.24 0.004 2.1¢0
1210 1112.7 t0 25.4) 0.020 to 0.065 0.51t0 165 0.005 0.13
210 1(12.7 10 25.4) over 0.065 to 0.134 over 1.65 to 3.40 0.010 0.25
Over 1 10 1'/2 (25.4 to 38.1). Tt 0.025 to 0.065 0.64 t0 1.65 0.008 0.20
Over 1 t0 114 (25.4 10 38.1). inct over 0.065 to 0.134 over 1 65 to 3.40 101C 2.23
Over 1'% 10 2 (38.1 to 50.8). nc 0.025 to 0.04¢ C B4 101.24 3.010 5.2%
Qver 12 10 2 (38.1 10 50.8). »nc over 0.049 to 0.083 over 1241024 2.01t J.28
Over 172 10 2 (38.1 to 50.8). inct over 0.083 t0 0.149 over 2.11 10 3.78 2.012 2.30
Over 2 to 2"z 150.8 10 63.5). inc! 0.032 to 0.06% 2811w 163 2012 230
Over 2 10 2%z 150.8 to 63.5). inc over 0.065 t0 0.1C¢ over 16510277 2013 233
Over 2 10 2°-2 150.8 10 63.5). inct over 0.103 10 0.1€3 over 2.77 10 4 19 c.014 2.38
Over 2"z t0 3'2163.5 to 88.9). inc: 0.03210 0.162 CBliwang 2.014 2.3¢8
Over 22 10 3'.2 {63.5 t0 88.9). inct over 0.162 cver 419 0020 RS
Over 32 to 5 188.9 to 127.0). inci 0.035 10 0.162 0.8910 4 19 0.020 B
Over 372 10 5 (88.9 10 127.0). inct over 0.1€3 Sver 4 19 3.025 264
Over 510 16 (127.0 1o 406 4} nct all EX 300125 i /in Of MMIMM Of CIrCUMmterence

" Nan wierance =10 % O NOMINA wan thicxness.

~

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
)
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TABLE 3 Diameter. Wall.# ana Ovsiity Tolerances for Tubing
with Beaa Removed

NOTE *—Ovauty 1s tne cGitterence Detween maximum ana MiINIMUM outside
diameters measurec at anv ONe Cross S&CUON. There iS NO AGAINONA tolerance 1or
OVEHTY ON TUDES NaVING 3 NOMINAI wail tNICKNess ot more man 3 % o the outsioe
Clameter.

NOTE 2—AN OvVaNTv SIOWANCE Of TWiCE INne OUISKIE Crameter 10/erance. SHOwn
"N s Ta0ke. 1S ADDUEA ONG NAT Dius ANA ONe Narf AINUS (O the ouTSIae Giamater, for
tuDES NaVING a NOMINGY wak thickness Of 3 % Of jess of the outsice oameter. The
average of tNe MAXNTUM ANA MIMIMUM OULSIN8 GIAMETE! readNGS SNOWIA fall within
the OULSIOR CLAMETEr tOIFANCES Of TS taDie.

Note 3—Tubing mav De sDechHea 10 Oniv Two of the three followang
IMBNSIONS—OUISI08 CIAMETEr. NBI0E CIAMETEr. OF WaH.

Q0. = 0. =
OO0 Suze. in. imm)
. mm n mm

Up to ¥az (2.4). exct 0.001 Q.03 0.001 0.03
Y32 10 ¥16 (2.4 10 4.8). exci 0.0015 0.038 0.0015 0.038
e t0 214810 12.7). exct 0.003 0.08 0.008 0.13
‘10 1 (12.7 to 25.4). exct 0.004 0.10 0.006 Q.15
1101v2(25.41038. 1. exax  0.005 .13 0.007 0.18
1%42102(38.1t10 50.8). exc:  0.006 0.15 0.008 0.20
2102'4150.8 10 63.5). exct  0.007 0.18 0.010 0.25
24 to 34 (63.5 to0 88.91. 0.010 2.25 0.014 0.36

axgl
321051889 10 127.0.. 2.015 2.28 3.020 0.51

net
Over 51016 (1270 10 0.00125 n.sin. or 0.0013 in.sn. or

406.4). nct mmsamm of cir- mmsmm of cir-

cumrerence cumterence

4 Wak tolerance 1S =10 % Of NOMWNE wal thickness.

TABLE 4 Length Vanstions—Cut Length Tubes

Permissiie Vananons

TABLE 5 Square and Rectanguiar Tubing

Qutsioe Oimension Tolerances

_arpest N ] =.In.(mmi. a
Zumension Acros(s)‘;i o T!:ICK Fiats.
- ats. ness. < in
. imm (mmmy or Concaw
nct
T0 1'% 131.8). nct all 0.015 0.2
Over 1" 4 10 22 (31.8 t0 63.5). inct an 0.020 (0.2
Over 2°:2 10 §'42 (63.5 t0 139.7). inct ai 0.030 (0.7
Maxsmum Radii ot Comers

Wall Thuckness. in. (mmj Raae ot Cor
max. n. @
Over 0.020 to 0.049 (0.51 to 1.24). inct Yag (24

Over 0.049 to 0.065 (1.24 to 1.65). inc! w3z
Qver 0.065 to 0.083 {1.65 to 2.11). nct Yee (3.6

Over 0.083 10 0.095 (2.11 10 2.42). inct Vg (4.8

Over 0.095 t0 0.109 (2.42 t0 2.77). Ny ‘e (52

Over 0.108 10 0.134 (2.77 t0 3.40). inc Trax (St

Over 0.134 t0 0.156 (3.40 to 3.96). inct Va (B4

Twist Tolerances

Twstn 3

Largest Size. n. (mmi max, an

(mm

unoer 2 (12.7) 0.080 (1

‘210 1'42(12.7 10 38.1). inct 0.075 2.

QOver 1142 10 2'2 (38.1 10 63.5). inc! 0.0985¢2

Over 214 (63.5) 0125@3

Squareness of Sies
=8 = C x 0.006

where:
8 = omerance tor out-ol-square. ana
C = ength of 1onoest $10e.

The stragneness towrance s 0.075 in. n3ftor 2! mmn ) musng
(1-m) STRONteags ana teer gage.

Outsice n Length, n
Lengtn, ft tm) Oiameter,
n. (mm Over* Under
.
4 (1.2) ana uncer up 10 2 (50.8). inct A2 16 0
over 2to 4 (508 to Y32 24 0
101.6). nct
over 4 {101.6) Sy 3.2 o}
Over 410 10({1.2 ¢ up to 2 (50.8). inct Ly 2.4 2
3.01 inc
over 2 {50.8) [ 32 z
Over 10 t0 24 (3.0 10 an sizes . Yoy 48 b]

7 3L na

4 For gn giameters m iengtns over 24 ft (7.3 mi. an aoomonal over tolerance ot
e M, (3.2 mm) tor sacn 10 ft (3.0 M) Or trachon thereot snak dbe permussidie. up 10
a tolerance of /2 in. (12.7 mm), max.

determined from a product anaiysis made bv the tubular
product manufacturer. shall conform to requirements speci-
fied. When reguested 1n the order or contracl. a report of this
anaivsis shall be furnished to the purchaser.

8. Permissible Variations in Dimensions—Round Tubing

8.1 For ail conditions except tubing with bead removea.
Table 2 shail appiy.

8.2 For wuoing with beaa removed. Table 2 shail appiy.

8.3 Lengtns—Tubing s normaliv rurmsned :in miil
lengths © © (1.7 m) and over. Definne cut lengins are
furnisnea wnen specified. 10 the lengin toierances shown 1n
Table <. For tubing ordered 1n muiupie leagihs. 1t s
common practice to allow a definite amount over for eacn
muiupie 10r the purcnaser's cutung operauon. Thus cutting

* Wall 1ierance 1s £10 X of homwnal wal thickness.

8.4 Siraightness Tolerance—The straightness tole:
shall be 0.030 in. (0.76 mm) maximum 1n any 3-ft (0.
length of tbing. The straightness toierance on st

lengins and on speciai requirements shali be agreed
between tne purchaser and producer.

9. Permussible Variations in Dimensions—Square and
anguiar Tubing
9.1 Sauare and rectanguiar welded stainiess mechz
tubing 1s supplied as cold worked uniess otherwise spec
For thus tubing. vanations in dimensions from those

fied shail not exceed the amounts prescribed in Table <
lengtns. see 8.3.

10. Workmanship. Finish. and Appearance

10.1 Finished tubes shall have smooth ends free of
They snall be 1ree of injunous defects and shall h:
workmasnitke finish. Surtace imperfecuons such as har
marks. straighteming marks. light mandrei and die o
shallow CIS. ana scale patterns will not pe consider
sertous detects. provided the mpertecuons are remo
within 10 ¢ of the nominal wail or 0.002 in. |
whicnever 1s greater. The removai of surface 1mpe
not requirea. unless speciai finishes are specitied.

11. Sun'ace Finish

allowance snouid be specified 1n the purcaase oraer. uDes e
— Questions? Contact FDA/CDRH/OCE/DID at CDRH- FOISTATUS@fda s gé\l}abur BO IR 8%

‘"w 72
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...= lf speciai finishes are required. they snail be stated 1n
-ne oraer.

... When poiishing 1s required for tubing otner than
round. poiisning 1s generaily pertormed prior 10 snaping.

12. Rejection

2.0 Tubing that fails to meet the requirements of this
speciication shall be set aside and the manufacturer notufied.

13. Coating

13.1 Stainiess steei tubing 1s commoniv shipped without

protecuve coaung. If speciai protection 1s needed. deraiis
snall be specified in the order.

14. Product Marking

i4.1 Civiilan Procuremeni—Each box. bundle or lift._;ind
oiece {when individual pieces are shipped) shall be identified
oy a tae or stencil with the manufacturer's name or brand.

specified size. purchaser's order numbper. this specification
sumoer. and grade.

SUPPLEMENTARY

These requirements shall not be considered uniess s
miil. Mechanical tests snall be performed in acco

Definttions A 370.

S1. Hardness Test

S1.1 Round anneaied tubes shall conform 1o the require-
ments as 10 the hardness limits prescribed in Tabie 6.

NOTE—There are tubing diameters. walls. or combinauons which
amit the appiicability of parucuiar hardness vaiues.

S1.2 When specified. the hardness test shall be perrormed
on a specimen from one tube from each 2300 ft (760 m) or

Tacuon thereof from each heat of steel. )

S2. Tension Test

SI.1 The tubes shail conform to the reguirements as to
‘ensiie properues prescrided in Table 7. When cold-reduced
‘*mpers are ordered. the manufacturer shall Be consulted.

S2.2 When the tension test is specified. one test shall be
Serformed on a specimen from one tube of each lot of 2500
(760 m) or fracuon thereof from each heat of steei. prior to
<utung to length.

S2.3 The vieid strength corresponding 10 a2 permanent
atfset of 0.2 < of the gage leneth of the specimen or 10 a total

TABLE § Haraness Requirements (Round Anneated

Conartion)
~argness
Srace Brinet. Sockwel
max S. max
All austentic 192 Els)
T 429 ana MT 430 190 k]
*AT-430-T 130 ey

S

i+.2 Governmen: Procuremeni—When specified 1n the
contract or order. and for direct procurement by or direct
smpment 10 the Government. marking 1or smpment. In
addiuon 1o requirements specified in the contract or order.
shaill be 1n accordance wih MIL-STD-129 for Military

agencies and 1n accordance with Fed. Sid. No. 123 for avil
agencies.

15. Packaging

13.1 Civiiian Procuremeni—On tubing of 0.065-in. (1.65-
mm) wall and lighter. the manufacturer wiil. at his opuon.
box. crate. carton. package in secure lifts or bundles 10
ensure sate delivery. Tubing heavier than 0.065-in. wall will
normally be shipped loose. bundled. or in secured lifts.
Special packaging requinng extra operations other than those
normally used by the manufacturer must be specified in the
order.

13.2 Government Procurement—When specified in the
contract or order. and for direct procurement by or direct
shipment to the Government when Level A is specified.
preservauon. packasing. and packing shall be 1n accordance
with the Level A requirements of MIL-STD-163.

REQUIREMENTS

pecified in the order and the necessary tests made at the
rdance with the applicable sections of Methods and

extension of 0.5 %

of the gage length under load shall be
determined.

S3. Nondestructive Test

S3.1 Various types of nondestructive test are avaiiable.
When any such test 1s required. the test 10 be used and the
inspecuon limuts shail be specified in the order.

S4. Test Reports

S4.1 Mill test reports wiil be furnishea wien specified in
the orger.

S4_.2 When specified on the purchase order. or when a
specitic type of melung has been specified. the tvpe of
meiting used to produce the matenal shall be inciuded with

the test report.
SS. Certification for Government Orders
S3.1 A producers or suppiter's certificauon shail be

TABLE 7 Tensiie Requirements (Round Annealed

Condition)

Tensne Yiela Eionga-

Strengmn. Strengm, ton= m

Grage mn mn <n or

20 mm

X S| UPa <5 ‘Pa ~e e
MT 429 ang MT 430 50 114 S P Pl
MT.430-T; 83 s1a i ote e
MT 304 L & MT 316 L el <83 23 "2 ]
All other austeniuc steers A B iz Fiohd iz

<o co 2z

f For iongiuainal stno tests. the wiotn ot the gage secuon snas pe 1 i~ 125.¢
mm) ang a geguction of 1 7% Dercentace DOINTS 0r austenmc grages ang 10
oercentage oomnts tor MT 429 ana MT 430 shati be permmea from tre

TINMUM e0NQatON 10r each * 3=n. 10.79-mm oecrease
“180. {7 94 mmy

pasxc
N wal thexness deiow

{ estions? Contact FDA/CDRH/OCE/DID at CDRH-FOSTATUS@fda.hhs.gov or 301-796-8118
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qsn) Designation: A 564/A 564M - 92a

Standard Specification for

Hot-Rolled and Cold-Finished Age-Hardening Stainless and

Heat-Resisting Steel Bars and

This standard is 1ssued under the fixed designation A 564/A 564
vear of oniginai adoption of. in the case of revision, the vear of

1. Scope

1.1 This specification® covers bars, and shapes of age-
hardening stainiess and heat-resisting steels. Hot-finished or
cold-finished rounds. squares. hexagons. bar shapes, angles,
tees. and channels are included: these shapes may be
produced by hot rolling. extruding, or forging. Billets or bars
for reforging may be purchased to this specification.

1.2 These steels are generally used for parts requiring
corrosion resistance and high strength at room temperature,
or at temperatures up to 600°F [315°C). 700°F [370°C] for
Type 632. They are suitable for machining in the solution-
annealed condition after which they may be age-hardened to
the mechanical properties specified in Section 7 without dan-
ger of cracking or distortion. Type XM-25 is machinable in
the as-received fully heat treated condition.

1.3 Types 631 and 632 contain a large amount of fernte in
the microstructure and can have low ductility in forgings and
larger diameter bars. Applications shouid be limited to small
diameter bar.

1.4 The values stated in either inch-pound units or SI
(metric) units are t0 be regarded separately as standards;
within the text and tables, the SI units are shown in
[brackets). The values stated in each system are not exact
equivalents; therefore, each system must be used indepen-
dent of the other. Combining values from the two systems
may resuit in nonconformance with the specification.

1.5 Unless the order specifies an “M” designation, the
material shall be furnished to inch-pound units.

NoOTE | —For forgings. see Specification A 705/A 705M¢
NoTe 2—For billets and bars for forging see Specification A 314.

2. Referenced Documents

2.1 ASTM Standards:

A 314 Specification for Stainless and Heat-Resisting Steel
Billets and Bars for Forging®

A 370 Test Methods and Definitions for Mechanical
Testing of Steel Products®

A 484/A 484M Specification for General Requirements
for Stainless and Heat-Resisting Bars, Billets, and
Forgings®

! This specificauon 1s under the junsdiction of ASTM Committee A-1 on Steel.
Stainless Steet. and Related Alloys and is the direct responsibility of S
A01.08 on Wrought Statniess Steel Products.

Current edition approved Oct. 15, 1992 Published December 1992, Onunally
published as A 564 - 66. Last previous edition A 564/A 564M - 92.

2 For ASME Boiler and Pressure Vessel Code appiicauions. see related Speciii-

ubcommitiee

canon SA-564 in Section il of that Code.
3 annuai Book of ASTM Standards. Vol 01.05.
+ Annual Book of ASTM Standards. Yol 01.03. 01.05.

(

Shapes’

M: the number immediately following the designation indicaies the

f last revision. A number in parentheses indicates the vear of last
reapproval. A superscnpt epsilon (¢) indicates an editorial change since

the last revision or reapproval.

A 705/A 705M Specification for Age-Hardening. Stainless
and Heat-Resisting Steel Forgings®

A 751 Test Methods. Practices. and Terminology for
Chemical Analysis of Steel Products®

E 527 Practice for Numbering Metals and Alloys (UNS)

2.2 Other Documents:

SAEJ 1086 Recommended Practice for Numbering Metals
and Alloys (UNS)® .

3. Ordering Information

3.1 Orders for material under this specification shall
include the foliowing information:
3.1.1 Quantity (weight or number of pieces). .
3.1.2 Type or UNS designation (Table 1), e
3.1.3 Heat treated condition (5.1), e
3.1.4 Transverse properties when required (7.6),
3.1.5 Finish (Specification A 484/A 484M),
3.1.6 Surface preparation of shapes (5.2).
3.1.7 Size, or applicable dimension including diameter,
thickness, width. length. etc.,

3.1.8 Preparation for delivery (Specification A 484/
A 484M), i R
3.1.9 Special requirements (refer to 7.4 and 8.3),

3.1.10 Marking requirements (Specification A 484/
A 484M), and R e
3.1.11 ASTM designation and date of issue if other than
that currently published. o AR
3.2 If possible. the intended use of the item~should be:

given on the purchase order especially when the item is
ordered for a specific end use or uses. '

NOTE 3—A typical ordering description 1s as follows: 5000 1b {2270 .
kg] Type 630. Solution-Annealed Cold Finished Centeriess Ground. 1¥2

in. {38.0 mmj round bar. 10 o 12 ft {3.0 10 3.6 m] in length. ASTM
A 564 dated _ End use: valve shafts.

4. General Requirements

4.1 In addition to the requirements of this specification,
all requirements of the current edition of Specifications
A 484/A 484M shall apply. Failure to comply with the
general requirements of Specification A 564/A 564M consti- -

tutes nonconformance with this specification.
5. Manufacture
5.1. Heat Treatment:
s 1.1 Material of types other than XM-16. XM-25. and

s gnnual Book of ASTM Standards. Vols 01.01 and 01.05.

& Availabie from Society of Automouve Engineers. 400 Commonweaith Dﬂ“'
Warrendale. PA 15096. .

esfjons? Contact FD &
y A/CDRH/OCE/DID at CDRH-F&STATUS@fda.hhs.gov or 301-796-8118
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Type 630 shall be furnished in the solution-annealed Acondi-
gon. or in the equalized and oven-tempered condition. as
poted in Tabte 2. unless otherwise specified by the purchaser.

5.1.1.1 Types 630. XM-16. and XM-23 may be furnished
in the solution-annealed or age-hardened condition.

5.1.2 Reforging stock shall be supplied in a condition of
heat treatment 10 be selected by the forging manufacturer.

5.2 Shapes may be subjected to either Class A or Class C
preparation as specified on the purchase order.

5.2.1 Class A consists of preparation by grinding for the
removal of imperfections of a hazardous nature such as fins.
tears. and jagged edges provided the underweight tolerance is
not exceeded and the maximum depth of grinding at any one
point does not exceed 10 % of the thickness of the section.

5.2.2 Class C consists of preparation by grinding for the
removal of all visible surface impertections provided the
underweight tolerance is not exceeded and the maximum
depth of grinding at any one point does not exceed 10 % of
the thickness of the secuon.

6. Chemical Composition

6.1 Each alloy covered by this specificauon shail conform
to the chemicai requirements specified in Table 1.

6.2 Methods and practices relating to chemical analysis
required -by this specification shall be in accordance with
Test Methods. Practices. and Terminoiogy A 751.

7. Mechanical Properties Requirements

7.1 The material. as represented by mechanical test spec-
imens. shall conform 10 the mechanical propeny require-
ments specified in Table 2 and shall be capable of deveioping
the properues in Table 3 when heat treated as specified in
Secuon 3.1.

7.2 Samples cut from bars for forging stock shall coniform
1o the mechanical properties of Tables 2 and 3 when heat
treated as specified in Tables 2 and kR

7.3 The vield strength shall be determined by the offset
method as described in the current edition of Test Methods

¢

and Definitnons A 370. The hmiung permanent offset shall
be 0.2 % of the gage length of the specimen.

7.3 The impact requirecment sha

il apply only when speci-
fied 1n the purchase order. When specified. the matenal. as

represented by impact test specimens. shall be capable of
deveioping the impact property requirements specified in
Table 3 when heat treated in accordance with Section 3.1.

7.3 Longitudinai impact requirements are not applicabie
to.bars less than ¥ in. (16.9 mm) diameter or size or flats less
than % in. (16.9 mm) thick.

76 Tensile and impact requirements in the transverse
(through thickness) direction are not applicable to bars less
than 3 in. {75 mm] diameter in size ot flats less than 3 in. {75
mm] thick.

7.7 Material tensile tested and. when specified. impact
tested in the transverse (through thickness) direction and
meeung the requirements shown in Table 3 need not be
tested in the longitudinal direction.

8. Number of Tests

kS

8.1 At least one room temperature tension test and one or-
more hardness tests shall be made or. each lot.

8.2 One or more hardness tests and at least one tension-
test shail be made from each lot on test samples heat treated.
as required in Section 5.1. Unless otherwise specified-in- the-
purchase order. the condition of hardening "
shall be at the option of the producer. The tests shall meet
the requirements of Table 3.

8.3 When specified in the purchase order. the impact test
shall consist of testing three Charpy V-notch- Type A
specimens in accordance with Methods and Definitions
A 370. The specimens shall be heat treated in accordance-
with Section 5.1. Unless otherwise sgecified in thespurchase-
order. the condition of hardening heat treatment shall be at
the option of the producer and tesung shall be doneat 70 to.
80°F [20 to 25°C]. The tests shail meet the Eteoff
Tabie 3. When tested at temperatures other than 70 to 80°F.

{20 10 25°C] the impact test requirements mlLbamgeed_ .
upon by purchaser and producer. N

%@S? Contact FDA/CDRH/OCE/DID at CDRH-FQESTATUS@fda.hhs.gov or 301-796-8118
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TABLE 1 Chemical Requirements“

Composition. %
1
UNS Phosom-sm-sm- ' Aum- . Moo | o \omer
Desio | Type ‘ Carbon \Manganese‘ 1 ‘ Chromium 1 Nickel ‘ wmn | \ Titamum \ Copper | ¢ 1s
S17400 6830 0.07 0.040 10.030]1.00 15.00-17.5013.00-5.00| ... Vol .. } 3.00-5.00 8
S17700 631 0.09 0.040 |0.030}1.00|16.00-18.0016.50-7.75 0.75-150 1 ... \ o .. o
515700 632 0.09 0.040 10.03011.00 14.00-16.0016.50-7.75| 0.75-1.50 i 2. 00-3.00 | .. .
$35500 634 0.10-0.15 0 50—1 25| 0.040 |0.030)0.50 15.00-16.0014.00-5.00} ... \ 2.50-3.25 . ¢
$17600 635 0.08 1.00 ' 0.040 }0.030}1.00|16.00-17.50]6.00-7.50 0,40 ! 040-120 | .. .
$15500 xm-12 | 0.07 1.00 l 0.040 |0.030]1.00 14.00-15.5013.50-5.50| ... [ . 2.50-4 50 8
S13800 XM-13 | 0.05 0.20 l 0.010 10.00810. 10112.25-13.2517.50-8.50| 0.90-1.35 l 2.00-250 § ... . o
S$45500 XM-16 { 0.03 0.50 0.015 |0.015|0.50}11.00-12.5017.50-9.50] ... \ 0.50 0.90-1.40 | 1.50-2.50 E
$45503 sl 0.010 0.50 0.010 |0.010{0.20|M 00-12.5017.50-9.50 0.50 1.00-1.35 | 1.50-2.50 £
545000 XM-25 | 0.05 1.00 0.030 |0.030{1.00}14.00-16.0015.00-7.00 { 0.50-1.00 1.25-1.75 4
‘Lmsmnouwnmaxmumumesssmwnasamngeusmeoomermu
8 Coumbum plus tantaium 0.15-0.45.
< Nitrogen 0.07-0.13.
b Nitrogen 0.01.
€ Cotumonum pius tantalum 0.10-0.50.
£ Columbium 8 hmes carpon mNmMum.
G New aesignation estabhished in accoraance with Pracuce E 527 and SAEJ1086.
TABLE 2 Solution Treatment
Mechanical Test Requrements in Soaron Treated Conaition*
UNS
Condi- Tensile Strength. mun  Yield Strength, miné  Elongavon Haroness¢
Desg- Type on Soluton Treawnent in2in. {50 of Arad
navon . ; mm) or 4D, - Rocxwel C.  Brined,
ksi [(MPa] ksi [MPa) gy mn max ax..
$17400 630 A 1900 = 25°F {1040 = 15°C] (coot as 38 365
required to below 90°F (32°C)
S17700 631 A 1900 = 25°F (1040 = 15°C] (water Rb3s8 229
quench)
S15700 632 A 1900 = 25°F [1040 = 15°C] (water Ab100 2090
quench)
835500 634¢ A 1900 + 25°F {1040 = 15°C] , k< U
hold not less than 3 h at mnus 100°F
or lower
S17600 635 A 1900 = 25°F {1040 x 15°C} (aw cool) 120 825) 75 (515} 10 45 3 02
S15500 XM-12 A 1900 + 25°F [1040 + 15°C) (cool 8s 38 <~ |
- required to below 90°F (32°C))
S$13800 XM-13 A 1700 + 25°F {925 =+ 15°C) Cool as 38 k.~
requared 10 betow 60°F [16°C]
S45500 XM-16 A 1525 = 25°F (830 = 15°C] (cooy 36 K}
rapicily)
S45000 XM-25 A 1900 + 25°F (1040 = 15°C] (coal 130 (895} 95 [655] 10 40 32 321
rapecty)
S45503 ... A 1525 + 25°F [830 = 15°C) (cool 36 33t
rapialy)
ASee 7.1 B
8See 7.2
¢ Either Rockwell C haraness or Brineit 1s permussibie. On sizes Y2 in. (12.70 mm) ana smailer, Rockweill C is preterred.
0321 BH for rounds Coid orawn after solston treating.
£ Equalization ana over-t1empenng reatment 1425 + S0°F [775 + 30°C] for not less than 3 h. cool to room temperature, neat to 1075 = 25°F {580 = 15°C) for not less
than 3 h.

£130 — 165 ksi {895 — 1140 MPa} for sizes up 10 /2 . (13 mmy).

uéstions? Contact FDA/CDRH/OCE/DID at CDRH-I'}a‘ISTATUS@fda.hhs.gov or 301-796-8118
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e Hardening Heat Treatment*
= Tensue Yield impact
o R Suggestea Hardenna or Aging Eion- Haro-
i Treatment, or pomM N £ Appticaote Strengtn. Swength.  gavon  Reouc- nessS Charoy-V.
weL o Conan- ' Threkness. min min n2in uonot
1 ) non Temo- in. ang Test 50mm  area.  Rock- oo
. erature. T'Te‘ Quencn Direcuon” ks [MPal kst (MPal ¥ 4D. m™n. % wed C. ::\: LU
g op ‘°C‘| : N T min
20 H900 230 {480] 10 ar cool Upto 3. inct 178 190 11310, 170 (11708 10 <0 40 388
s mmj (L)
":’ Over 3 in. {75 mm) as
N 1o 8 1. ind [200
- mm| (L)
. HO25 925 [495] 40 air cool Up to 3 mun. inct 170 {1170] 158 (1070} 10 44 38 375 5 68
- {75 mm} (L)
s Over 3 1n. {75 mmi a8
10 8 n. inct (200
- mmj (L)
: H1025 1025 {550} 49 air cool 155 [1070] 145 {10001 12 45 35 3N 15 20
;F‘:‘- H1075 1075 (580} 49 air cool 145 (10001 125 1860! 13 45 32 311 20 a
. H1100 1100 {595} 40 air cool Uo to 8 in. inct {200 140 i985] 115 (795} 14 45 3N 302 25 M
mmyj (L)
L H1180 1150 (620} 40 air cool 135 {930} 105 [725] 16 30 28 277 30 41
o H1150M 1400 {7601 for 2 h. ar OOt OIUS 115 [795) 75 {5151 18 55 24 255 55 75
1150 [620) for 4 n. air cOO
53 AMGS0  17S0°F [955°C) for not less than
10 mwn. DUt NOt more than 1 h.
- cool rapediy 10 room -
temperature. Cool within 24 h ) e
— 10 ranus 100 = 10°F (75°Cl. U"l;‘(',; zmﬁ_) 185 [1275] 150 (1035} 6 10 a1 388 Rt i
hold not less than 8 h. Warm
N 8 10 FOOM temoerature.
Heat w0 950°F {510°C). howd 1
f, ar cool.
B TH1050 Altsmatve trestment: 1400°F
{760°C} hoid 80 m:. cool 10 )
55 + 5°F [15 = 3°C witnn 1 Up 10 6 in. ncl {150
. Holg not jess than 30 mn. mem] (L) 170 (1170} 140 (%65} B 25 38 352 e
heat to 1050°F 1565°C} noid
for 90 rmun, axr cool.
632 Up to 4 in. ncl {100 R
RHIS0 mmj (L) 200 {1380} 175 (1210} 7 25 415
TH1050 Same as Type 631 U016, nc (150 180 (1240) 160 (1100 25 375
mmi (L) Tty
634¢ H1000 1750 {9551 for not tess tnan 10 '
min. put not more than 1 h
Water quencn. Coot to not
tigher than mnus 100°F 170 (1170} 155 (10701 12 25 37 341
{75°C]. Hoid for not less than
3 h. Temper at 1000°F
{540°C). hoang for not 18sS
than 3 h.
638 H950 350 {510} Q.5 air cool 190 1310} 170 (1170} 8 25 39 363
H1000  10001540] 35  ar cool 180 11240] 160 (11001 30 37 352
H1050 1050 {565] 335 air coot 170 [1170) 150 {1030} 10 40 35 33
XM-12 H300 900 {480} 10 air coor Up to 12 in. inct
mmio (L
_1300mmiP il a5 13101 170 (11704 LI N S
Up to 12 in.inc 15
{300 mmieMm
H325 925 {495 40 ar cool Up to 12 in.inct
19 (L ) = a
(300 mmi® .o ay70p 155 {1070:___35_ T LU
Lo 10 12 1in inct = 20
{300 mmI° (M

Ty /, )
destjons? Contact FDA/CDRH/OCE/DID at CDRH-FOIEATUS@fda.hhs.gov or 301-796-8118
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TABLE 3 Continued

Tensue Yielo Elon- impact
Suggested Hardenng of Aging H (<] V.
Treaument. or both™~ © Aposcadie Stwength. s"me'm'gs“ - gavon Reouc- ~ Haroness c"’m‘”‘
Condt- Thickness. in2mn. tonof
Type ton Temp- n. and Test [s0mm| area. “moox.
erature. Time.  quencn Directon” ks [MPa] kst [MPa] O 4D. mn. % wel C. n ft- ot J
°F [°C} n min. % min
xXM12 H1025 1025 {550 4.0 air cool Up to 12 m. inc!
{300 mm)© (L) 12 45 15 20
—_— — — 185 [1070] 145 (1000} 3s 331
Up t0 12 n. incl 8 27 10 14
(300 mm|2 (M) .
H1075 1075 [580) 40 ar coot Up to 12 in. inct
{300 mmji2 (L) 13 45 20 27
— 145 (1000} 125 [86Q] ] 32 3n
Up to 12 in. nct 9 28 15 20
{300 mm}®@ (M)
H1100 1100 (595] 4.0 ar cool Up to 12 in. nct
{300 mmi® (L) 14 45 25 M
—_———— 140 {965] 115 (795] 31 302
Up to 12 in. incd 10 29 15 20
{300 mmije (M
H1150 1150 (520} 40 air coot Up to 12 in. nc!
{300 mm}® (L) 16 50 30 4
——— 135 (930} 105 (7] 28 277
Up to 12 in. nct 1 30 20 27
300 mmi2 (M -
H11S0M 1400 {7601 tor 2 h. ar coot plus Up to 12 in. nct
1150 {620) for 4 h. ar cool {300 mm}@ (L) 18 55 55 75
e w15 (795 75 |518) ———————— 24 255
Up 10 12 n. wet 14 3s 35 47
{300 mmj2 (T)
XM-13 H350 950 {510} 40 ar cool Upto 12 n. ncd T T N
{300 mmi® (L) 45
—_—————— 220 [1520] 205 (1410 10 45 430
Up to 12 in. inct a5
[300 mmj° (M
H1000 1000 |540) 4.0 ar cool Upto 12 in. nci .
{300 mm|}2 (L) 10 50
— . 205 {1410} 190 (1310} ———— 43 400
Up to 12 in. inct 10 40
) (300 mm)° (M)
H1025 1025 [550] 4.0 ar cool Up to 12 in. nct
[300 mm} (L) 50
—_—— 185 [1275] 175 [1210) 1 41
Up to 12 in. ncl 45 Py - o
[300 mm} (T) ’
H1050 1050 {565] 4.0 ar coot Up to 12 in. nci . .
(300 ) (L) 50 okt SENNEEE- 0L
—_——— 175 [1210] 165 (1140} 12 40 3r2
Up 1o 12 in. mct 45
(300 mmi (T)
H1100 1100 (540§ 40 air cool Up to 12 in. nct
{300 mmj (L) 50
——————— 150 (1030} 135 [930] 14 34 313
Up to 12 in. inci 50
{300 mm} (M) -
H1150 1150 [620]) 40 ar coot Up to 12 in. nci
(300 mmj (L) 50
—— 135 [930] 90  [620) 14 30 283
Up 1o 12 in. mct 50
{300 mm} (T
H1150M 1400 (760) for 2 h. aw cool plus Up to 12 in. inct
1150 [620] for 4 n. ar cool (300 mmj (L) 55
— 125 [860] 85  [585) 16 — 26 259
Up to 12 in. nc! 55
{300 mm) (M
XM-16~  H900 900 (482} 40 ar coot 235 (16201 220 (1520§ 8 30 47 444 e
Up to 6 in. incl —
H950 950 {5101 40 ar coof (150 mm} (L) 220 {1520} 205 ({1410] 10 40 aa 415
H1000 1000 (540! 40 air cool 205 (1410} 185 (12801 10 40 40 363 Cee

( N 356
Quegti

ns? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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TABLE 3 Contmnuea

3 Haroening of AQiNg ! Yietd Elon- s , \
v-“-’?-r?a“e:em poginle by Sl Appicanie Strength. Srengmn.  ganon Reduc.  Haroness® Charoy-v.
Conar- ) Thickness. min mm*e M2 ton ot mm
Type uon Temp- - in. ang Test {S0mmy area.  Rock- o
eraure. fMe. Quencn Direcuon” s (MPal xs [MPa} Or4D. mn.Z ey ‘:::" -1t .
e ey min. % min :
545503~ Up to 6 m. incl (150
80! M a3z (1e20; 220 {1518 Ny e
30014 LY coo! 33 4
Ho00 0014801 AR Up 106 m. mal (150 ) ’ 15 o
mm|* (T)
Up 106 . i (150
20 (5101 40 mmi 220 [1520) 205 {1415) 40 44 415
250 [51 ar ool | ————m—— [ |
Hes0 of ' Up 10 6 . 1nct {150 20
mmi* M
Up to 6 n. inct (150
mmj (L) 40
H1000 1000 (5401 40 awr cool —_———— 205 {1410} 185 [1280) 40 363
up to 6 n. inct [150 25
mmi* M
XM-25" Up to 8 in. inc! {200
mmj (L) 10 40
Up to 12 m.ncl 4
H900 300 (4801 40 ar cool 300 mm= (L) 180 [1240]) 170 {1170) 10 o] 39 363 EE
Up t0 12 1in. nct 6 20
{300 mmi* (M
Up to 8 in. ind {200
mmi° (L) 10 40
U 10 12 in. inci
4, 170 (117 160 1 1 40 7 1
HIS0 950 (510} 0 ax cool {300 mm)* (L) (1170} (1100} 0 3 k?3
Up to 12 in. nct 7 22
{300 mmj* (T
Up 10 8 n. ncl {200
mm)° (L) 12 45 -
Up 10 12 1n. inct
1 1 4
H1000 1000 {540} 40 ar cool (300 mm|= (L} 60 (1100) 150 (1030} 12 5 36 N
Upto 12in. no 8 27
{300 mmi* M
H1025 1025 (550) 40  aw cool “"r,‘f“?o":i_')"“ 200 .co (1030} 140 {965] 12 s 34 a2 —
Up 10 8 m. ncl {200 e s
mmio (L) 12 45 L
w0s0  10s01seS1 40 arcon SR M s (10000 135 qes0) 12 45 3 sopmipec i
Uo 10 13n. mo ) 30 )
{300 mm|~ (M
Up 10 B . inc1 (200
mmie (L) 16 50
. Up to 12 in. inct . -
H1100 100 15951} 4.0 arr cool 1300 mmi* (L) 130  [895) 105 {7251 16 50 30 285
Up to 12 In. inct "1 30
{300 mmi* M
Up to 8 1n. nc1 {200
mmie (L) 15 50
. Up 10 12 in. mct - &
H1150 1180 {6101 40 air cool (300 mem}< (L) 125 {860} 73 {520] 18 5 26 262
Up 10 12 in. tnct 12 35
{300 mmix M
ASee 7!
8See 72
C Refer to Table 2 ‘or cetans on equanze ana over temper neat reatment
2 Applnes (o consumanie erectroge vacuum remented
£1L) - LoNQruGINGl axis O SDECImen paranet 10 OIrection of grain iow urnng rowng or forging. (T} - Transverse axis Of SDECIMEN PerpencIcuUIar 10 GIrection o cramn now
qunnag rolling of 1orQINC.
G Either Rocxweil C ¢r Bnnet 1s perrmissipie. On sizes

vz 112.70 mmy ang smaller. Rocxwell C is preterrec.
" Only tensiie strengtn appucaie to sizes ud 1o 'z in. (13 mm

% Consumanie electrooe remestea onty.

™ Time refers 10 MIMIMUM WMe Matenal 1s at temperature ana mav be extenaed 10 ODtam requred cuctihty properties.

N Uniess otherwise noted. temoerature:
® Intermegiate temperatures Must mee

Examopte: Tvoe 630 at 10S0°F [565°C! must nave 13 % eiongation and

Q A mest.

Questio e Copntact FDA/CDRH/OCE/DID at CDRH-FEY$TATUS@fda.hhs.gov or 301-796-8118

s SNOWN are Suggested temperatures ang May De vanea 1o ootam required tensie oroperies.
{ the QuCtiity requirements of the next Manest suggested NArgemNg o aging temoerature. of SO
45 % requchon. same as for age nargening at 1375°F [580°C!
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The American Socety for Testing and Mateniars (axkes no posiion respecting the

with any item mentioned in this stancard. Users of this stangard
patent rignts. anad the nisk of intnngement

vaiidity of any patent nghts asserted in connection
are expressly advised that determmanon of the validity of any sucn
of such rignts. are entirely their own responsibility.

This stanaara is Subject 1o revision at any time oy the responsible tecnnical commitée and must De revieweg every five years ana
f not reviseg. eitner reapprovea or witharawn. Your comments are invited efner for revision of this stangara or tor additionat stanaargs
anad shouid be acoressed 10 ASTM Heaaquarters. Your comments will receive caretul consioeration at a meetng of the responsiole
technical commiree. which you may attend. if vou teel that your comments nave not recerved a tair nearing you shouid maxe your
views known to the ASTM Committee on Stanoaras. 1916 Race St.. Phnagetonia. PA 19103.

-

Qd'e%ns. Contact FDA/CDR -
[t j H/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118 ,
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qmb Designation: B 211 - 92a

Standard Specification for

Aluminum and Aluminum-Alloy Bar, Rod, and Wire'

This standard is issued under the fixed designation B 211; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the {ast revision or reapproval.

This specification has been approved for use by agencies of the Department of Defense. Consult the DoD Index of Specifications and
Standards for the exact year of issue which has been adopted by the Department of Defense.

1. Scope*

1.1 This specification? covers rolled or cold-finished bar,
rod, and wire in alloys (Note 1) and tempers as shown n
Table 2.

NoTe 1—Throughout this specification use of the term afloy in the
general sense includes aluminum as well as aluminum alloy.

NoTE 2—The term cold finished is used to indicate the type of
surface finish. sharpness of angles. and dimensional tolerances produced
by drawing through a die.

NoOTE 3—See Specification B 221 for aluminum and aluminum-alloy
extruded bars, rods, wire, shapes, and tubes: and Specification B 316 for
aluminum and aluminum-alloy rivet and cold-heading wire and rods.

1.2 Alloy and temper designations are in accordance with
ANSI H35.1. The equivalent UNS alloy designations are
those of Table 1 preceded by A9, for example, A91100 for
~luminum 1100 in accordance with Practice E 527.

1.3 A complete metric companion to Specification B 211
has been developed—B 211M; therefore, no metric equiva-
lents are presented in this specification.

2. Referenced Documents

2.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein:

2.1.1 ASTM Standards: '

"B 557 Methods of Tension Testing Wrought and Cast
Aluminum- and Magnesium-Alloy Products?
~ B 594 Practice for Ultrasonic Inspection of Aluminum-
" Alloy Wrought Products for Aerospace Applications?
* B 597 Practice for Heat Treatment of Aluminum Alloys?
B 660 Practices for Packaging/Packing of Aluminum and
Magnesium Products?

B 666 Practice for Identification Marking of Aluminum
% Products’

- E 29 Practice for Using Significant Digits in Test Data to
i~ Determine Conformance with Specifications*

[ 4u

! This specification is under the jurisdiction of ASTM Committee B-7 on Light
Metals and Alloys and is the direct responsibility of Subcommittee B07.03 on
Aluminum-Alloy Wrought Products.
Current edition approved May 15. 1992. Published July 1992. Originally
Published as B 211 - 46 T. Last previous edition B 211 - 92.
" 2For ASME Boiler and Pressure Vessel Code applications see related Specifi-
ation SB-211 in Section II of that Code.

= X3 Annual Book of ASTM Standards. Vol 02.02.

"4 Annual Book of ASTM Standards. Vols 02.03 and 14.02.

Ll

E 34 Test Methods for Chemical Analysis of Aluminum
and Aluminum Alloys®

E 55 Practice for Sampling Wrought Nonferrous Metais
and Alloys for Determination of Chemical Compo-
sition-3

E 101 Test Method for Spectrographic Analysis of Alu-
minum and Aluminum Alloys by the Point-to-Plane
Technique®

E 227 Test Method for Optical Emission Spectrometric
Analysis of Aluminum and Aluminum Alloys by the
Point-to-Plane Technique®

E 527 Practice for Numbering Metals and Alloys (UNS)’

E 607 Test Method for Optical Emission Spectrometric
Analysis of Aluminum and Aluminum Alloys by the
Point-to-Plane Technique, Nitrogen Atmosphere®

E 716 Practices for Sampling Aluminum and Aluminum
Alloys for Spectrochemical Analysis®$

E 1004 Test Method for Electromagnetic (Eddy-Current)
Measurements of Electrical Conductivity®

E 1251 Test Method for Optical Emission Spectrometric
Analysis of Aluminum and Aluminum Alloys by the
Argon Atmosphere, Point-to-Plane, Unipolar Self Initi-
ating Capacitor Discharge®

G 47 Test Method for Determining Susceptibility to Stress-
Corrosion Cracking of High-Strength Aluminum-Alloy
Products?

2.1.2 ANSI Standards:

H35.1 Alloy and Temper Designation Systems for
Aluminum?

H35.2 Dimensional Tolerances for Aluminum Mill
Products?

2.1.3 Federal Standard:

Fed. Std. No. 123 Marking for Shipment (Civil Agencies)°

2.1.4 Military Standard:

MIL-STD-129 Marking for Shipment and Storage®

2.1.5 Military Specification:

MIL-H-6088 Heat Treatment of Aluminum Alloys®

5 Annual Book of ASTM Standards. Vol 03.05.
¢ 4nnual Book of ASTM Standards, Vol 03.06.

7 Annual Book of ASTM Standards, Vols 01.01 through 01.05 inclusive and
02.01 through 02.05. inclusive.

8 Annual Book of ASTM Standards, Vol 03.03.

9 Available from Standardization Documents Order Desk, Bldg. 4 Section D,
700 Robbins Ave.. Philadelphia. PA 19111-5094, Attn: NPODS.

R *A Summ?'{ of Changes section appears at the end of this specification.
Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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3. Terminology

3.1 Definitions:

3.1.1 bar—a solid product that is long in relation to Cross
section which 1is square or rectangular (excluding plate and
flattened wire) with sharp or rounded corners or edges, or is
a regular hexagon or octagon, and in which at least one
perpendicular distance between parallel faces is 0.375 in. or
greater.

3.1.2 cold-finished bar—bar brought to final dimensions
by cold working to obtain improved surface finish and
dimensional tolerances.

3.1.3 rod—a solid product 0.375 in. or greater in diameter
that is long in relation to cross section.

3.1.4 cold-finished rod—rod brought to final dimensions
by cold working to obtain improved surface finish and
dimensional tolerances.

3.1.5 wire—a solid section long in relation to its Cross-
sectional dimensions, having a Cross section that is round.
hexagonal, or octagonal and whose diameter, width. or
greatest distance between parallel faces is less than 0.375 in..
or having a symmetrical cross section that is square or
rectangular (excluding flattened wire) with sharp or rounded
corners or edges.

3.1.6 drawn wire—wire brought to final dimensions by
drawing through a die.

3.1.7 alclad wire—wire having on its surface a metallurgi-
cally bonded aluminum or aluminum-alloy coating that is
anodic to the core alloy to which it is bonded, thus
electrolytically protecting the core alloy against corrosion.

3.1.8 flattened wire—a solid section having two parallel
flat surfaces and rounded edges produced by roll-flattening
round wire.

3.1.9 flattened and slit wire—flattened wire which has
been slit to obtain square edges.

3.1.10 producer—the primary manufacturer of the mate-
rial.

3.1.11 supplier—includes only the category of jobbers and
distributors as distinct from producers.

3.2 Description of Term Specific to This Standard?

3.2.1 capable o/—The term capable of as used in this
specification means that the test need not be performed by
the producer of the material. However, should subsequent
testing by the purchaser establish that the material does not

meet these requirements, the material shall be suybject to
rejection.

4. Ordering Information

4.1 Orders for material to this specification shall include
the following information:

4.1.1 This specification number.

4.1.2 Quantity in pieces or pounds.

4.1.3 Alloy (Section 7),

4.1.4 Temper (Section 9),

4.1.5 Diameter for rounds: distance across flats for
square-cornered squares. hexagons. or octagons: width and
depth for square-cornered rectangles (orders for squares.
hexagons, octagons, Orf rectangles with rounded corners
usually require a drawing),

4.1.6 Length,

4.1.7 Whether heat treatment in accordance with Practice

B 597 iﬁﬁ%&if&ﬂé?-@omaw

D

4.1.8 Whether 7075-O matenal is required to develop
requirements for T73 temper (see 10.1.2),

4.1.9 When specified finish of bar and rod is not required
(Section 19),

4.1.10 Whether marking for identification is required
(Section 16),

4.1.11 Whether ultrasonic inspection is required (Section
17, Table 4),

4.1.12 Whether inspection or witness of inspection and
tests by the purchaser’s representative is required prior to
material shipment (Section 19),

4.1.13 Whether certification is required (Section 21), and

4.1.14 Whether Practices B 660 apply, and if so, the levels

of preservation, packaging, and packing required (Section
22).

5. Manufacture

5.1 The products covered by this specification shall be
produced either by hot extruding and cold finishing or by hot
rolling with or without cold finishing, at the option of the
producer.

6. Quality Assurance

6.1 Responsibility for Inspection and Tests—Unless other-
wise specified in the contract or purchase order, the producer
is responsible for the performance of all inspection and test
requirements specified herein. The producer may use his
own or any other suitable facilities for the performance of the
inspection and test requirements specified herein, unless
disapproved by the purchaser in the order or at the time of
contract signing. The purchaser shall have the right to
perform any of the inspections and tests set forth in this
specification where such inspections are deemed necessary 10
ensure that material conforms to prescribed requirements.

6.2 Lot Definition—An inspection lot shall be defined as
follows:

6.2.1 For heat-treated tempers, an inspection lot shall
consist of an identifiable quantity of material of the same
mill form. alloy. temper, and nominal dimensions traceable
to a heat-treat lot or lots, and subjected to inspection at one
time.

6.2.2 For nonheat-treated tempers. an inspection lot shall
consist of an identifiable quantity of material of the same
mill form. alloy, temper, and nominal dimensions subjected
to inspection at one time.

7. Chemical Composition

7.1 Limits—The bars. rods, and wire shall conform to the
chemical composition limits specified in Table 1. Conform-
ance shall be determined by the producer by analyzing
samples taken at the time the ingots are poured. or sampies
taken from the finished or semifinished product. If the
producer has determined the chemical composition of the
material during the course of manufacture. he shall not be
required to sample and analyze the finished product.

NOTE 4—It is standard practice in the United States aluminum
industrv to determine conformance to the chemical composition limits
prior to further processing of ingots into wrought products. Due to the
continuous nature of the process. it is not practical to keep a specific
ingot analysis identified with a specific quantity of finished material.

7.2 Number of Samples—The number of samples taken

f({;CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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TABLE 1 Chemical Composition Limits A.8.C

" Magnes- o orim  Zine  Bismuth  Lead  Thanum —e s 2 Aumioum
Alloy Silicon lron Copper  Manganese um Each  TomE

1060 0.25 035 005 0.03 0.03 005 ... N 0.03 0.03° ... 99.60 min*
1100 095Si+Fe  0.05-020 005 010 ... . o 005 015  99.00 minf
2011 0.40 07 5060 ... . .. 030  020-06 020-06 .. 005 015  remainder
2014 050-12 07 39-50 040-12 020-08 0.10 025 ... . 0.15 005 015  remainder
2017 020-08 07 35-45 040-10 040-08 0.10 025 ... . 0.15 005 015  remainder
2024 0.50 050 3849 03008 12-18 0.0 025 ... . 0.15 005 015  remainder
2219 0.20 030 5868 020040 002 . 010 ... . 002-0.10 0.056 0.155 remainder
3003 0.6 07 005020 1015 ... . 010 ... . o 005 0415  remainder
5052 0.25 040 0.10 0.10 22-28 015-035 010 ... o o 005 015  remainder
5056 0.30 040 0.10 0.05-020 45-56 005-020 0.10 ... o o 005 0415  remainder
Alciad 5056 5056 alloy ciad with 6253 alioy DU
5154 0.25 040 0.10 0.10 31-39 015035 020 ... . 0.20 005 015  remainder
6061 0.40-08 07 015-040 0.5 0812 004-035 025 .. .. 0.15 005 015  remainder
6110 07-15 08 020-07 020-07 050-11 004-025 030 ... . 0.15 005 015  remainder
6253 cladding® ' 050 0.10 . 10-15 004035 16-2.4 ... o . 005 015  remainder
6262 0.40-08 07 0.15-040 0.5 08-12 004-014 025  040-07 040-07 015 005 015  remainder
7075 0.40 050 12-20 030 21-29 018-028 5.1-6.1 o 0.20 005 015  remainder

4 Limits are in weight percent maximum uniess otherwise shown.

@ Analysis shall be made for the elements for which limits are shown in this table.

€ For purposes of determining conformance to these limits, an observed value or a caiculated value obtained from analysis shall be rounded to the nearest unit in the
last nght-hand place of figures used in expressing the specified limit, in accordance with the rounding-off method of Practice £ 29.

0 Others includes listed elements for which no specific limit is shown as weil as unlisted metallic elements. The producer may analyze sampies for trace elements not
specified in the specification. However, such analysis is not required and may not cover all metallic Others elements. Should any analysis by the producer or the purchaser
establish that an Others element exceeds the limit of Each or that the aggregate of several Others elements exceeds the limit of Total/, the materiai shall be considered

non-conforming.

€ Other Elements—Total shall be the sum of unspecified metaliic elements 0.010 % or more, rounded to the second decimal before determining the sum.
£ The aluminum content shall be caiculated by subtracting from 100.00 % the sum of all the metallic elements present in amounts of 0.010 % or more each, rounded o

the second decimal before determining the sum.

@ Vanadium 0.05-0.15 % zirconium 0.10-0.25 %. The total for other elements does not include vanadium and zirconium.
H Composition of cladding alloy as applied during the course of manufacture. Samples from finished wire shail not be required to conform to these limits.

! 45 to 65 % of magnesium content.
“ Vanadium 0.05 %, max.

for determination of chemical composition shall be as
follows:

7.2.1 When samples are taken at the time the ingots are
poured, at least one sample shall be taken for each group of
ingots poured simultaneously from the same source of
molten metal.

7.2.2 When samples are taken from the finished or
semifinished product, a sample shall be taken to represent
each 4000 1b, or fraction thereof, in the lot, except th%t no
more than one sample shall be required per piece.

1.3 Methods of Sampling—Samples for determination of
chemical composition shall be taken in accordance with one
of the following methods:

7.3.1 Samples for chemical analysis shall be taken from
the material by drilling, sawing, milling, turning, clipping,
etc., a representative piece or pieces to obtain a weight of
prepared sample not less than 75 g. Sampling shall be in
accordance with Practice E 55.

7.3.2 Sampling for spectrochemical analysis shall be in
accordance with Practices E 716. Samples for other methods
of analysis shall be suitable for the form of material being
analyzed and the type of analytical method used.

Note 5—It is difficuit to obtain a reliable analysis of each of the
components of clad materials using material in its finished state. A
reasonably accurate determination of the core composition can be made
if the cladding is substantially removed prior to analysis. The cladding
composition is more difficuit to determine because of the relatively thin
layer and because of diffusion of core elements to the cladding. The
correctness of cladding alloy used can usually be verified by a combina-

tion of metallographic examination and spectrochemical analysis of the
surface at several widely separated points.

7.4 Method of Analysis—The determination of chemical
Questions? ContactCF
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composition shall be made in accordance with suitable
chemical (Test Methods E 34), or spectrochemical (Test
Methods E 101, E 227, E 607, and E 1251), methods. Other
methods may be used only when no published ASTM method
is available. In case of dispute, the methods of analysis shall be
agreed upon between the purchaser and the producer.

8. Heat Treatment

8.1 Unless otherwise specified in 8.2. producer or supplier
heat treatment for the applicable tempers in Table 2 shall be
in accordance with MIL-H-6088.

8.2 When specified, heat treatment of applicable tempers
in Table 2 shall be in accordance with Practice B 597.

9. Tensile Properties of Material As Supplied

9.1 Limits—The bars. rods. and wire shall conform to the
tensile requirements specified in Table 2.

9.2 Number of Specimens:

9.2.1 For material having a nominal weight of less than 1
Ib/linear ft, one tension test specimen shall be taken for each
1000 1b or fraction thereof in the lot. Only one specimen
shall be taken from any one piece when more than one piece
1s available,

9.2.2 For matenal having a nominal weight of 1 1b or
more/linear ft, one tension test specimen shall be taken for
each 1000 ft or fraction thereof in the lot. Only one specimen
shall be taken from any one piece when more than one piece
1s available.

9.3 Test Specimens—Geometry of test specimens and the
location in the product from which they are taken shall be as
specified in Methods B 557.

9.4 Test Methods—The tension tests shall be made in

DRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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TABLE 2 Tensile Property Limits #
Tensile Strength, ksi ~ s Eionga-
: Specified Diameter o Y('g‘g :‘L"ﬁse' o tion® in 2 in.
émper Thickness, in. ) i, Kei ) or 4 x Diam-
min max ' eter, min, %
Aluminum 1060
0 0.124 and under 8.0 s -
0.125 and over 8.0 25 25
H14 0.374 and under 12.0 10.0
H18 0.374 and under 16.0 13.0
Aluminum 1100
[0} 0.124 and under 11.0 15.5
0.125 and over 1.0 155 3.0 25
H12 0.374 and under 140
H14 0.374 and under 16.0
H16 0.374 and under 19.0
H18 0.374 and under 220 ..
H112 all 11.0 3.0
F all ¢ ¢
Alloy 2011
T3 0.125-1.500 45.0 38.0 10
1.501-2.000 43.0 34.0 12
2.001-3.250 420 30.0 12
T4 and T451° 0.125-8.000 40.0 18.0 16
T8 0.125-3.250 54.0 40.0 10
Alloy 2014%
o] 0.124 and under 35.0
0.125-8.000 e 35.0 12
T4, T42€ and T451° 0.124 and under 55.0 .. ..
0.125-8.0007 55.0 320 16
T6, T62%, and T651° 0.124 and under 65.0 ... -
0.125-8.000F 65.0 55.0 8
Alloy 2017
(o] 0.124 and under 35.0 ..
0.125-8.000 AN 35.0 16
T4, T42€, and T451° 0.124 and under 55.0 e e
0.125-8.000F 55.0 320 12
Alloy 2024~
(o} 0.124 and under 35.0 .
0.125-8.000 . 35.0 16
T36 0.124 and under 69.0 ... o
0.125-0.375 69.0 520 10
T49 0.124 and under 62.0 S S
0.125-0.499 62.0 45.06 10
0.500-4.500 62.0 42.0 10
4.501-6.500¢ 62.0 40.0 10
6.501-8.000 58.0 38.0 10
T42¢ 0.124 and under 62.0 .. .
0.125-6.500 62.0 40.0 10
13512 0.500-6.500¢ 62.0 45.0 10
T6 0.124 and under 62.0 .. ce
0.125-6.500 62.0 50.0 5
T62€ 0.124 and under 60.0 .. ..
0.125-6.5007 60.0 46.0 5
T8510 0.500-6.5007 66.0 58.0 5
Alloy 2219
T851° 0.500-2.000 58.0 40.0 4
2.001-4.000 57.0 39.0 4

Questipns?
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TABLE 2 Continued
Tensile Strength, ksi ield Strength® Elonga-
Tem Specified Diameter or Y(sgig asst::ffset) tion? in 2 in.
per Thickness, in. ! 'min ksi ' or 4 x Diam-
’ min max " eter, min, %
. Alioy 3003
! 0 ail 14.0 19.0 5.0 25
: H12 0.374 and under 17.0
; H14 0.374 and under 20.0
; H16 0.374 and under 240
: H18 0.374 and under 27.0 ...
H112 all 140 5.0
F afl [2] [o]
i Aoy 5052
‘ o 0.124 and under 320
: 0.125 and over 25.0 320 95 25
: H32 0.124 and under 31.0 . ...
: 0.125-0.374 31.0 230
! H34 0.374 and under 340 26.0
! H36 0.124 and under 37.0 ...
! 0.125-0.374 37.0 29.0
| H38 0.374 and under 39.0 ..
i F ait c c
Alloy 5056
o) 0.124 and under 46.0 ...
0.125 and over . 46.0 20
H111 0.374 and under 440
H12 0.374 and under 46.0
H32 0.374 and under 440
; H14 0.374 and under 52.0
; H34 0.374 and under 50.0
; H18 0.374 and under 58.0
; H38 0.374 and under 55.0
| H192 0.374 and under 60.0
_ H382 0.374 and under 58.0
; Alclad Alloy 5056
| H192 0.374 and under 52.0
: H392 0.374 and under 50.0 ...
] H393 0.120-0.192 54.0 470
i Alloy 5154
o all 300 41.0 11.0 25
H32 0.374 and under 36.0
H34 0.374 and under 39.0
H36 0.374 and under 420
H38 0.374 and under . 450 ..
H112 al 30.0 11.0
Alloy 6061~
o) 0.124 and under 22.0 ...
0.125-8.000 . 220 18
T4 and T451° 0.124 and under 30.0 .. ..
0.125-8.000% 30.0 16.0 18
T42fF 0.125-8.000" 30.0 14.0 18
T6. T62¢, and T651° 0.124 and under 420 ... ..
0.125-8.000" 420 350 10
T89 and T94 0.374 and under 54.0 47.0
Alloy 6110
T9 0.374 and under 65.0 63.0 2
Alloy 6262
T6 and T651° 0.125-8.000¢ 42.0 35.0 10
T9 0.125-2.000 52.0 48.0 5
2.001-3.000 50.0 46.0 5

@a\s iong? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-§118
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TABLE 2 Continued

ensile Strength, ksi 8 Elonga-

T Specified Diameter or T S - ksi Y(ngg :m tion® in 2 in.

emper Thickness, in. , ety or 4 x Diam-

min max rn, ksi eter, min, %

Alloy 7075%
! (o] 0.124 and under 40.0
0.125-8.000 - 40.0 L. 10
T6, T62£, and T651° 0.124 and under 77.0 . . -
0.125-4.000’ 770 . 66.0 7

T73 and T7351° 0.124 and under 68.0
0.125-3.000 68.0 - 56.0 10

‘Todetemmeconfonnancetotrisspedﬁcaﬁon.emhvaluefortensilestmngthandforyiddstrengmshallberoundedtothenearestm ksi and each value for
elongation to the nearest 0.5 %.bothmawordancewimmerounding-oﬁmemodofPmcticeE29.ﬂ\ebasisforestablishmentoftensiepropenylimitsisshownhAnnex
Al. -

”Thermas.retmntofyieidstrmgmandelongationisnotrequiredforwielessmano.125in.inthicknessordiameter.

°ThefearanotensiierequirementstamateﬂalinmeFtemperbutitusuaiyeanbeexpectedmatmateﬁal1'/zin.orlessmttidmessordiameter(exceptsecﬁonsover
4inAinwidﬂ1)wihaveasu-eng'mabmnequvalemtomeH14orH34temper.Assizeix:easesmestrengmdecreasestomaiymatonmomrnper.

°Forsuass-feﬁevedtempets,dmractensmandpropeniesomermanmsmmydmmtmmmmmmmmmmmm
material in the basic tempers.

£ Material in the T42 or T62 tempers is not available from the materials producers.

* For rounds, maximum diameter is 8.000 in.; for square, rectangular, hexagonal, or octagonal bar, maximum thickness is 4 in. and 36 in.2 maximum cross-sectional
area.

© Minimum yield strength of coiled 2024-T4 wire and rod 0.125 in. and larger in thickness or diameter is 40.0 ksi.
" For bar, maximum cross-sectional area is 50 in.2.
! For rounds, maximum diameter is 4 in.; for square, hexagonal, or octagonal bar, maximum thickness is 3% in.; for rectangular bar, maximum thickness is 3 in. with

corresponding maximum width of 6 in.; for rectanguiar bar less than 3 in. in thickness, maximum width is 10 in.
“ Properties listed for this size increment are appiicable to rod with a maximum diameter of 6.500 in. and to square, rectanguiar, hexagonal or octagonal bar having a

maximum thickness of 4 in. and maximum cross-sectional area of 36 in.2.

¥ Also available in the F temper for which no properties are specified and no tension tests are performed but for which tests are performed for confirmation of heat-treat

response as required by Section 10.
accordance with Methods B 557.

10. Producer Confirmation of Heat-Treat Response

10.1 In addition to the requirements of 9.1, material in
Alloys 2014, 2017, 2024, and 6061 produced in the O or F
temper (within the size limits specified in Table 2) shall, after
proper solution heat treatment and natural aging for not less
than 4 days at room temperature, conform to the properties
specified in Table 2 for T42 temper material. The heat-
treated samples may be tested prior to four days natural
aging, but if they fail to conform to the T42 temper
properties, the tests may be repeated after completion of four
days natural aging without prejudice. ¢

10.1.1 Alloy 7075 material produced in the O or F temper
(within the size limits specified in Table 2) shall, after proper
solution heat treatment and precipitation heat treatment,
conform to the properties specified in Table 2 for T62
temper material. .

10.1.2 When specified, 7075-O material (within the size
limits specified in Table 2) shall, after proper solution and
precipitation heat treatment. conform to the properties
specified for T73 temper in Table 2 and Section 12.

10.2 Number of Specimens—The number of specimens
from each lot of O temper material and F temper matenal to
verify conformance with 10.1 shall be as specified in 9.2.

11. Heat Treatment and Reheat Treatment Capability

11.1 As-received material in the O or F temper and in
Alloys 2014, 2017. 2024. and 606t (within the size limitation
specified in Table 2 and without the imposition of cold work)
shall. after proper solution heat treatment and natural aging
for not less than 4 days at room temperature, conform to the
properties specified in Table 2 for T42 temper material.

11.2 As-received Alloy 7075 material in the O or F temper

(within the size limitation specified in Table 2 and without
the imposition of cold work) shall, after proper solution and
precipitation heat treatment, conform to the properties
specified in Table 2 for T6 and T62 tempers.

11.3 Material in Alloys and Tempers 2014-T4, T451, T6,
T651; 2017-T4, T451; 2024-T4, T6, T351, and T851, shall,
after proper resolution heat treatment and natural aging for
not less than 4 days at room temperature, conform to the
properties specified in Table 2 for the T42 temper.

NOTE 6—Beginning with the 1975 revision 6061-T4. T6. T451, and
T651. were deleted from this paragraph because experience has shown
the reheat-treated material tends to develop large recrystallized grains
and may fail to develop the expected level of properties.

11.4 Alloy 7075 materiat in T6, T651, T73. and T735!
tempers shall, after proper resolution heat treatment and
precipitation heat treatment. conform to the properties
specified in Table 2 for T6 and T62 tempers.

11.5 Material in T3, T4, T42, T351, and T451 tempers
shall. after proper precipitation heat treatment. conform to
the properties specified in Table 2 for the T8, T6. T62, T851
and T651 tempers, respectively.

12. Stress-Corrosion Resistance of 7075-T73 and T7351

12.1 Alloy 7075-T73 and T7351 material shall be capable
of exhibiting no evidence of stress-corrosion cracking when
subjected to the test specified in 12.2.

12.1.1 For lot-acceptance purposes, resistance to stress-
corrosion cracking for each lot of material shall be estab-
lished by testing the previously selected tension-test samples
to the criteria shown in Table 3.

12.1.2 For surveillance purposes, each month the pro-
ducer shall perform at least one test for stress-corrosion
resistance in accordance with 12.2 in the T73 type temper,
for each thickness range listed in Table 2. produced that

Cﬁ’e‘sﬁ%ns’?zmact FDA/CDRH/OCE/DID at CDIF_;IS-I-FOISTATUS@fda.hhs.gov or 301-796-8118
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TABLE 3 memmcmmnmumtosmucm

Lot Acceptance Critenia
Electrical Lot
Aoy and Temper Conductivity”, Level of Mechanical Properties Aseeqmnca
% IACS
7075-773 and T7351 40.0 or greater perspectﬁedrequm ' acceptable
38.0 through 39.9 per specified requirements and yield strength does not exceed acceptable
minimum by more than 11.9 ksi
38.0 through 39.9 perspeciﬁedreq:.iumntsbtnyieldsnengm“mmby unacceptable®
12.0 ksi or more
less than 38.0 any level unacceptable®
Ammmwmwmhmmrwmmmnmwmmm
Product Thickness, in Location
Rolied or coid Ainished from rolled stock ak sufweoftensi_on-mstsumb
Cold finished from extruded stock up through 0.100 surface of tension-test sampie
over 0.100 through 0.500 subsquc_eaﬂermtovhgapproxmwiy 10 % of the thickness by

over 0.500 through 1.500

over 1.500

machining

mwmmammaw
wmottmmwmmnmwmm
ofmematenalundonaplanepualdmmmwmw

8 When material is found to be unacceptable.
preciprtation heat treatment, when applicabie).

month. Each sample shall be taken from material considered
acceptable in accordance with lot-acceptance criteria of
Table 3. A minimum of three adjacent replicate specimens
shall be taken from each sample and tested. The producer
shall maintain records of all lots so tested and make them
available for examination at the producer’s facility.

12.2 The stress-corrosion cracking test shail be performed
on material 0.750 in. and over in thickness as follows:

12.2.1 Specimens shall be stressed in tension in the short
transverse direction with respect to grain flow and held at
constant strain. The stress level shall be 75 % of the specified
longitudinal yield strength.

12.2.2 The stress-corrosion test shall be made in accor-
dance with Test Method G 47.

12.2.3 There shall be no visual evidence of stress-cor-
rosion cracking in any specimen. except that the retest
provisions of 20.2 shall apply.

13. Cladding Thickness '

3.1 The aluminum-alloy coating of Alclad 5056 wire
shall have a minimum average thickness corresponding to
16 % of the total cross-sectional area of the wire.

13.2 When the area of the coating is to be determined on
finished wire. transverse cross sections of at least three wires
from the lot shall be mounted to expose 2 transverse Cross
section and polished for examination with a metallurgical
microscope. Using at least 100X magnification. the coating
area in each sample shall be measured by use of a planimeter
on the projected image. and the average of the measurements
shall be taken as the area.

14. Dimensional Tolerances

14.1 Variations from specified dimensions for the mate-
rial ordered shall not exceed the permissible variations
specified in the following tables of ANSI H35.2.

Table No. Title
9.1 Diameter. Round Wire and Rod
9.5 Thickness and Width. Reciangular Wire and Bar
9.6 Distance Across Flats. Square. Hexagonal and Octagonal Wire
and Bar

it shail be reprocessed (additional preuoitaﬁmheattreatmentorre-sduﬁm heat treatment, stress relieving and

Table No. Tite

9.7 Thickness and Width. Flattened Wire (Round Edge)

9.8 Thickness and Width. Flattened and Slit Wire

99 Length, Specific and Multiple

9.10 Twist, Bar in Straight Lengths

9.11 Straightness. Rod and Bar in Straight Lengths Other than
Screw Machine Stock

9.13 Flatness (Flat Surfaces)

9.14 Angulanty

9.15 Squareness of Saw Cuts

14.2 Sampling for Inspection—Examination for dimen-
sional conformance shall be made to ensure conformance to
the tolerance specified.

15. Finish

15.1 Unless otherwise specified. rod up to and including 3
in. in diameter and bar up to and including 2 in. thick (with
maximum width for rectangles of 4 in.) shall be supplied cold
finished. Rod and bar in larger sizes may be furnished either

as rolled or cold finished. at the producer’s or supplier’s
discretion.

16. ldentification Marking of Product

16.1 When specified in the contract or purchase order all
material shall be marked in accordance with Practice B 666.
In addition. 2000 and 7000 series alloys furnished in the T6.
T651. T73. T7351 or T851 tempers shall aiso be marked
with the lot number in at least one location on each piece.

17. Internal Quality

17.1 When specified by the purchaser at the time of
placing the order, each bar 0.500 in. or greater in thickness or
smallest dimension in Alloys 2014, 2024, 2219. and 7075
shall be tested in accordance with Method B 594 to the
discontinuity acceptance limits of Table 4.

18. General Quality

18.1 Unless otherwise specified. the material shall be
supplied in the mill finish and shall be uniform as defined by
the requirements of this specification and shall be commer-
cially sound. Any requirement not so covered is subject 10

QuestionffCoTa%DA/CDRH/OCE/DID at CDRH-FOI‘SZ?ATUS@fda.hhs.gov or 301-796-8118
//

S



E

Records processed under FOIA Request # 2015-9559; Released by CDRH on 09-12-2016

&b B 211

TABLE 4 Ultrasonic Discontinuity Limits for Rolled or Cold-
Finished Bar *
Size
Maximum Maximum .
Discon-
Alioys i . Weight Width to -
Thickness, in. per Thicks nnunys
Piece. b Ratio Ciass
2014, 2219
2024, 7075 } 0.500-1.499 600 B
1.500-3.000 600 A
3.001-6.000 1000 B

‘muﬁeshexcessdmistedhvﬁsmwbemdﬂnis
esmmtmywiuberumvedbymw\hmgormatmeyarehmmﬁcal
areas.

# The discontinuity ciass limits are defined in Section 11 of Method S 594.

negotiation between the producer and the purchaser.

18.2 Each bar, rod, and wire shall be examined to
determine conformance to this specification with respect to
general quality and identification marking. On approval of
the purchaser, however, the producer may use a system of
statistical quality control for such examinations.

19. Source Inspection

19.1 If the purchaser desires that his representative inspect
or witness the inspection and testing of the material prior to
shipment, such agreement shall be made by the purchaser
and producer as part of the purchase contract.

19.2 When such inspection or witness of inspection and
testing is agreed upon, the producer shall afford the purchas-
er’s representative all reasonable facilities to satisfy him that
the material meets the requirements of this specification.
Inspection and tests shall be conducted so there is no
unnecessary interference with the producer’s operations.

20. Rejection and Retest

20.1 If any material fails to conform to all of the
applicable requirements of this specification, it shall be cause
for rejection of the inspection lot. '

20.2 When there is evidence that a failed specimen was

not representative of the inspection lot and when no other
sampling plan is provided or approved by the purchaser
through the contract or purchase order, at least two addi-
tional specimens shall be selected to replace each test
specimen that failed. All specimens so selected for re-test
shall meet the requirements of the specification or the lot
shall be subject to rejection.

20.3 Material in which defects are discovered subsequent
to inspection may be rejected.

20.4 If material is rejected by the purchaser, the producer
or supplier is responsible only for replacement of the
material to the purchaser. As much as possible of the rejected
material shall be returned to the producer or supplier.

21. Certification

21.1 The producer or supplier shall, on request, furnish to
the purchaser a certificate of inspection stating that each lot
has been sampled, tested. and inspected in accordance with

this specification. and has been found to meet the require-
ments.

22. Packaging and Package Marking

22.1 The material shall be packaged to provide adequate
protection during normal handling and transportation and
each package shall contain only one size, alloy, and temper
of material uniess otherwise agreed. The type of packing and
gross weight of containers shall, unless otherwise agreed
upon, be at the producer's discretion, provided that they are
such as to ensure acceptance by common or other carriers for
safe transportation at the lowest rate to the delivery point.

22.2 Each shipping container shall be marked with the
purchase order number. material size, specification number,
alloy and temper, gross and net weight, and the producer’s
name and trademark.

22.3 When specified in the contract or purchase order.
material shall be preserved, packaged, and packed in accor-
dance with the requirements of Practices B 660. The appii-
cable levels shall be as specified in the contract or order.
Marking for shipment of such material shall be in accor-

dance with Fed. Std. No. 123 for civil agencies and MIL-
STD-129 for military agencies.

ANNEXES

(Mandatory Information)

Al. BASIS FOR INCLUSION OF PROPERTY LIMITS

Al.l Limits are established at a level at which a statistical
evaluation of the data indicates that 99 % of the population
obtained from all standard material meets the limit with
95 % confidence. For the products described, mechanical
property limits for the respective size ranges are based on the
analyses of at least 100 data from standard production

/ S
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material with no more than ten data from a given lot. All
tests are performed in accordance with the appropriate
ASTM test methods. For informational purposes. refer to
“Statistical Aspects of Mechanical Property Assurance” in

the Related Material section of the .4nnual Book of ASTM
Standards. Vol 02.02.

Questions? Cont@TﬁDTH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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z A2. ACCEPTANCE CRITERIA FOR INCLUSION OF NEW ALUMINUM AND ALUMINUM
. ALLOYS IN THIS SPECIFICATION

A2.1 Prior to acceptance for inclusion in this specifica-
tion, the composition of wrought or cast aluminum or
aluminum alloy shall be registered in accordance with ANSI
H35.1. The Aluminum Association'® holds the Secretariat of
ANSI H35 Committee and administers the criteria and
procedures for registration.

‘A2.2 If it is documented that the Aluminum Association
could not or would not register a given composition, an
alternative procedure and the criteria for acceptance shall be
as follows:

“'A2.2.1 The designation submitted for inclusion does not
utilize the same designation system as described in ANSI
H35.1. A designation not in conflict with other designation
systems or a trade name is acceptable.

A2.22 The aluminum or aluminum alloy has been of-
fered for sale in commercial quantities within the prior
twelve months to at least three identifiable users.

A2.2.3 The complete chemical composition limits are
submitted.

A2.2.4 The composition is, in the judgment of the respon-
sible subcommittee, significantly different from that of any

other aluminum or aluminum alloy already in the specifica-
tion.

10 The Aluminum Association. 900 19th Street, NW, Washington. DC 20006.

A2.2.5 For codification purposes, an alloying element is
any element intentionally added for any purpose other than
grain refinement and for which minimum and maximum
limits are specified. Unalloyed aluminum contains a min-
imum of 99.00 % aluminum.

A2.2.6 Standard limits for alloying elements and impuri-
ties are expressed to the following decimal places:

Less than 0.001 % 0.000X
0.001 to but less than 0.01 % 0.00X
0.01 to but less than 0.10 %
Unalioyed aluminum made by a refining process 0.0XX
Alloys and unalloyed aluminum not made by a refining process 0.0X
0.10 through 0.55 % ! .

0.XX
(It is customary to express limits of 0.30 through 0.55 % as
0.X0 or 0.X5)
Over 0.55% 0.X, X.X, etc.

{except that combined Si+Fe limits for 99.00 % minimum
aluminum must be expressed as 0.XX or 1.XX)

A2.2.7 Standard limits for alloying elements and impun-
ties are expressed in the following sequence: Silicon: Iron;
Copper; Manganese; Magnesium; Chromium; Nickel; Zinc
(Note A2.1); Titanium; Other Elements, Each; Other Ele-
ments, Total; Aluminum (Note A2.2).

NoOTE A2.1—Additional specified clements having limits are inserted
in alphabetical order of their chemicai symbols between zinc and
titanium, or are specified in footnotes.

NOTE A2.2—Aluminum is specified as minimum for unalloyed
aluminum and as a remainder for aluminum alloys.

SUMMARY OF CHANGES

This section identifies the principle changes to this stan-
dard that have been incorporated since the last issue.

(1) The elongation value of 2011-T3 in the 2.001-3.250in.
range has been revised.

(2) Paragraph 7.4 was clarified.

" if not revised, either reapproved or withdrawn. Your comments

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this stancard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

Thisswndlrdissubjoatorevn‘sionuanylimebythoruponsiblatochnicucammnmdmwbomwodworyﬁveymand

are invited either for revision of this standard or for additionai standards
and shouid be addressed to ASTM Headquarters. Your comments will receive careful consideration at a8 meeting of the responsible
technical committee, which you may attend. MwaedMywroamm#shavenorrsoaivedatairhemngyousthdmake your
views known to the ASTM Committee on Stanqards, 1916 Race St., Philadeiphia, PA 19103.

QuestionsCCB‘ntgf{”FDA/CDRH/OCE/DID at CDRH-FOllsslTATUS@fda.hhs.gov or 301-796-8118
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. qm}) Designation: D 5205 - 91

Standard Classification System for
Polyetherimide (PEl) Materials’

This standard is issued under the fixed design
original adoption of. in the case of revision.
superscript epsilon (¢) indicates an editonal

-

1. Scope

1.1 This classification system COVErs unfilled. filled, and
reinforced polyetherimide materials suitable for injection
molding and extrusion.

1.2 This classification system is not intended for the
selection of materials. but only as a means to call out plastic
materials to be used for the manufacture of parts. The
selection of these materials is to be made by personnel with
expertise in the plastics field where the environment, in-
herent properties of the materials. performance of the parts,

part design, manufacturning Pprocess. and economics are
considered.

1.3 The properties included in this classification system
are those required to idenuify the compositions covered.
There may be other requirements necessary to identify
particular characteristics important to specific applications.
. These may be specified by using suffixes as described in
Section 5.

1.4 The values stated in SI units are to be regarded as the
standard.

1.5 The following precautionary caveat pertains only to
the test method portion, Section 12, of this classification
system: This standard does not purport 10 address all of the
safety problems, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use. Specific precau-
tionary statements are given in Note 4.
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2. Referenced Documents

2.1 ASTM Standards:

D 149 Test Method for Dielectric Breakdown Voltage and
Dielectric Strength of Solid Electrical Insulating Mate-
rials at Commercial Power Frequencies?

D150 Test Methods for A-C Loss Characteristics and
Permittivity (Dielectric Constant) of Solid Electrical
Insulating Materials?

D257 Test Methods for D-C Resistance or Conductance
of Insulating Materials?

D618 Practice for Conditioning Plastics and Electrical
Insulating Materials for Testing?

D638 Test Method for Tensile Properties of Plastics’
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i D 648 Test Method for Deflection Temperature of Plastics
i Under Flexural Load?

! This classification system is under the jurisdiction of ASTM Commuttee D-20
on Plastics and is the direct responsibility of Subcommittee D20.15 on Thermo-
plastic Matenals.

Current edition approved Nov. 13, 1991. Published January 1992.

2 4nnual Book of ASTM Standards. Vol 10.01.

3 Annual Book of ASTM Standards. Vol 08.01.
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D790 Test Methods for Flexural Properties of Unrein-
forced and Reinforced Plastics and Electrical Insulating
Materials?

D792 Test Methods for Specific Gravity (Relative Den-
sity) and Density of Plastics by Displacement?

D 883 Terminology Relating to Plastics®

D 1238 Test Method for Flow Rates of Thermoplastics by
Extrusion Plastometer’

D 1600 Terminology for Abbreviated Terms Relating 10
Plastics®

D 1897 Practice for Injection Molding Test Specimens of
Thermoplastic Molding and Extrusion Materiais?

D 2584 Test Method for Ignition Loss of Cured Rein-
forced Resins?

D 2863 Test Method for Measuring the Minimum Oxygen
Concentration to Support Candle-Like Combustion of
Plastics (Oxygen Index)*

D 3418 Test Method for Transition Temperatures of
Polymers by Thermal Analysis®

D 3892 Practice for Packaging/Packing of Plastics*

D4000 Classification System for Specifying Plastic
Materials* .

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance to Specifications®

E 662 Test Method for Specific Optical Density of Smoke
Generated by Solid Materials®

2.2 Underwriters Laboratories Standards:

UL 94 Tests for Flammability of Plastic Materials for Parts
in Devices and Applances’

3. Terminology
3.1 Definitions:

3.1.1 The terminology used in this classification system is

in accordance with Terminology D 883 and Terminology
D 1600.

3.2 Abbreviation:

3.2.1 The polvetherimide materials will be designated
“PEI” as specified in Terminology D 1600.

4. Classification

4.1 Unfilled polyetherimide matenals are classified into
groups according to their composition. These groups are
subdivided into classes and grades as shown in Table PEL

4 4nnual Book of ASTM Standards. Vol 08.02.
s 4nnual Book of ASTM Standards. Vol 14.02.
¢ dnnuai Book of ASTM Standards. Vol 04.07.

7 Available from Underwriters Laboratories Inc..
Northbrook. IL 60066.

.

333 Pfingsten Road.
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NoTE |—An example of this classification system is given below.
The designation PEI 0114 indicates the following:

PEl=polyetherimide as found in Terminology D 1600.
Ol=polyetherimide (group),
| =general purpose {class), and
4=requirements given in Table PEI (grade).

4.1.1 To facilitate incorporation of future or special mate-
rials the “other” category (0) for group, class. and grade is
shown in Table PEL The basic properties of these materials
cah be obtained from Tables A or B as they apply.

4.2 Reinforced, pigmented, filled, and lubricated versions
of polyetherimide materials are classified in accordance with
Tables PEI and A or B. Table PEI is used to specify the
unreinforced material and Table A or B is used to specify the
property requirements after the addition of reinforcements,
pigments, fillers, or lubricants at the nominal level indicated
(see 4.2.1).

4.2.1 A single letter shall be used to indicate the major
category of the reinforcement, along with two numbers that
indicate the percentage of additive(s) by mass, with the
tolerances as tabulated below:

Category Material Tolerance

(Based on the Total Mass)
Carbon and graphite fiber- + 2 percentage points
reinforced
G Glass-reinforced
< 15 % glass content + 2 percentage points
> 15 % glass content + 3 percentage points
L Lubricants (such as PTFE, Variable. To be specified by
graphite, silicone, and mo-  user.
lybdenum disulfide)
M Mineral-reinforced + 2 percentage points
R Reinforced-combination/mix- + 3 percentage pints based
tures of reinforcements or on the total reinforcement
other fillers/reinforcements

NOTE 2—If necessary, additional requirements may be specified
using suffixes as described in Section 5. Special agreements on tolerances
may be required when levels are below 5 %. Ash content of filled or
reinforced materials may be determined using Test Method D 2584
where applicable.

4.2.2 Specific requirements for reinforced, filled. or lubri-
cated polyetherimide materials shall be shown by a six-
character designation. The designation will consist of the
letter “A” or “B” and the five digits comprising the cell
numbers for the property requirements in the order as they
appear in Tables PEI or A.

4.2.2.1 Although the values listed are necessary to include
the range of properties available in existing materials, users
should not infer that every possible combination of the
properties exists or can be obtained.

4.2.3 When the grade of the basic materials is not shown,
or is not important, the use of “O"-grade classification shail
be used for reinforced materials in this system.

NOTE 3—An example of this classification for a polyetherimide
material is given below. The designation PEIO110G10A48266 wouild

Questionsf Co
P
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indicate the following material requirements:

s

PEI 0110 = general-purpose polyetherimide from Table PEL
G10 = glass reinforced at nominal 10 % level, 3
A = Table A property requirements,
= 110 MPa tensile strength, minimum,
= 13790 MPa flexural modulus, minimum,
4 g/10 min; meit flow. minimum,
205 MPa fiexural strength, minimum, and
230°C deflection temperature, minimum.
If no properties are specified, the designation would ty
PEI0110G10A00000.

S. Suffixes S

5.1 When requirements not covered by the basic:ee
tables need to be specified suffixes shall be used. “Fh
following suffixes shall be used when appropriate. Addition:
suffixes may also be defined according to
System D 4000 when needed. a5l

5.1.1 E = Electrical requirements as designated by:sh
following digits: >

8
2
6
6

. o
dSSLLI AL

First Digit R

0 = specimen to be specified by user. !

1 = specimens as appropriate for test methods as defined in Tablesd
1. I

Second Digit

= to be specified by user.

= meets requirements of Table 1, Column A ¥

= meets requirements of Table 1, Column B RS £

= meets requirements of Tabie 1, Column C AN

= meets requirements of Table |, Column D R

= meets requirements of Table 1, Column E - A

5.1.2 F = Flammability requirements as designated b
following digits: SR -
NoTE 4: Precaution—DBy publication of this specification and its

of flammability ratings, ASTM does not intend that their use in any

reflects hazards presented under actual fire conditions. :

First Digit .

= 10 be specified by user, -

= product is tested according to UL94 at 3.05 mm minimum 3
thickness, ¥

= product is tested according to UL94 at 1.47 mm minimum &y
thickness; A&

= product is tested according to UL94 at 0.71 mm mmunun{l
thickness, 3

= product is tested according to Test Method D 2863,

= product is tested according to Test Method E 662.

Second Digit

= To be specified by user .

= 94V-0 flammability class =

= 94V-1 flammability class -

= 94V-2 flammability class

= 94-5V flammability class R

= Oxygen index 44 % minimum 3

= Specific optical density, flaming mode. D4 = 2, D max < 30

6. General Requirements

6.1 The plastic compositions shall be uniform and
conform to the requirements specified herein.
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TABLE PE! Polyetherimide Materiais Detail Requirements
Note—The values listed were developed for “natural colors.” Pigments or other additives. or both, may aiter these properties.
Deflection¢
o Flow-Rate® Specific Temperature Tensie® Flexural® Flexural®
TestMethod Gravity Test (DTUL)mn  Strength Test SUendth Test Moduius Test
Group Description Class Description4 Grade Description D 1238, Methods Test Method Method D 638, Methods Methods
g/10 min 0792 D 648 MPa min D 790. D 790,
c min' MPa min MPa min
o Polyetheri- 1 General-Purpose 1 <2 1.25-1.30 194 103 152 3030
mide 2 2-8 1.25-1.30 194 103 152 3030
-~ 3 6-12 1.25-1.30 194 103 152 3030
4 10-16 1.25-1.30 194 103 152 3030
5 15-22 1.25-1.30 194 103 152 3030
6 20-30 1.25-1.30 192 90 138 2900
7 > 30 1.25-1.30 190 83 138 2900
0 Other .. .. ... . ..
2 Impact-Modified 1 <2 1.22-1.28 180 83 17 2410
2 2-8 1.22-1.28 180 83 17 2410
3 6-12 1.22-1.28 180 83 117 2410
4 10-16 1.22-1.28 180 83 117 2410
5 15-22 1.22-1.28 180 83 117 2410
6 20-30 1.22-1.28 180 69 103 2280
7 > 30 1.22-1.28 180 69 103 2280
0 Other . . .. . o
0 Other ] Other
02 PEI Chermical 1 General-Purpose 1 <? 1.25-1.30 198 93 128 2760
Resistant 2 2-8 1.25-1.30 198 93 128 2760
3 6-12 1.25-1.30 198 93 128 2760
4 10-16 1.25-1.30 198 83 128 2760
5 15-22 1.25-1.30 198 93 128 2760
6 20-30 1.25-1.30 196 90 124 2760
7 > 30 1.25-1.30 196 90 124 2780
- 2  Impact-Modified 1 <? 1.22-1.28 184 69 90 2070
2 2-8 1.22-1.28 184 69 90 2070
T 3 6-12 1.22-1.28 184 69 90 2070
4 10-16 1.22-1.28 184 69 90 2070
5 15-22 1.22-1.28 184 69 90 2070
6 20-30 1.22-1.28 184 69 90 2070
_ 7 > 30 1.22-1.28 184 69 90 2070
2. 0 Other
B 3 High-Heat 1 <2 1.27-1.32 215 97 145 2760
B Resistant 2 2-8 1.27-1.32 215 97 145 2760
Ny’ 3 6-12 1.27-1.32 215 97 145 2760
4 10-16 1.27-1.32 215 97 145 2760
5 15-22 1.27-1.32 215 97 145 2760
6 20-30 1.27-1.32 215 97 145 2760
7 > 30 1.27-1.32 215 97 145 2760
4 High Heat 1 <2 1.23-1.30 200 69 103 2070
Impact-Modified 2 ¢ 2-8 1.23-1.30 200 69 103 2070
: 3 6-12 1.23-1.30 200 69 103 2070
4 10-16 1.23-1.30 200 69 103 2070
5 15-22 1.23-1.30 200 69 103 2070
6 20-30 1.23-1.30 200 69 103 2070
7 > 30 1.23-1.30 200 69 103 2070
0  Other 0 Other
03 PEI! Heat- 1 Genera-Purpose 1 . <2 1.27-1.31 210 103 145 2760
Resistant 2 2-8 1.27-1.31 210 103 145 2760
3 6-12 1.27-1.31 210 103 145 2760
4 10-16 1.27-1.31 210 103 145 2760
5 15-22 1.27-1.31 210 103 145 2760
6 20-30 1.27-1.31 210 90 131 2760
7 > 30 1.27-1.31 210 90 131 2760
2  Impact-Modified 1 <2 1.22-1.28 196 69 110 2070
2 2-8 1.22-1.28 196 69 110 2070
3 6-12 1.22-1.28 196 69 110 . 2070
4 10-16 1.22-1.28 196 69 110 2070
5 15-22 1.22-1.28 196 69 110 2070
6 20-30 1.22-1.28 196 69 110 2070
7 > 30 1.22-1.28 196 69 110 2070
3 High Heat 1 <2 1.28-1.32 225 103 138 2760
2 2-8 1.28-1.32 225 103 138 2760
3 6-12 1.28~1.32 225 103 138 2760
4 10-16 1.28-1.32 225 103 138 2760

Que@s‘ Contact FDA/CDRH/OCE/DID at CDR¥FOISTATUS@fda.hhs.gov or 301-796-8118
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TABLE PE! Continued
Deflection<
Flow-Rate® Specific Temperature  Tensile® Flexurai® Flexural*
- oton TeStMethod  Grawity Test (DTUL)min  Strength Test ST®9th Test Moduius Test
Group  Descripton~  Class  Descripon®  Grade Descripion ') o0 Methods  Test Method Method D 638, MeTodS ot
/10 min D792 D648 MPamn D790 D 790.
9 o min MPa min MPa min
5 15-22 1.28-1.32 225 103 138 2760
6 20-30 1.28-1.32 225 103 138 2760
7 > 30 1.28-1.32 225 103 138 2760
4 High-Heat 1 <2 1.24-1.28 210 69 97 2070
impect-Modified 2 2-8 1.24-128 210 69 97 2070
3 6-12 124-1.28 210 69 97 2070
4 10-16 1.24-1.28 210 69 97 2070
5 15-22 1.24-1.28 210 69 97 2070
6 20-30 1.24-1.28 210 69 97 2070
7 > 30 1.24-1.28 210 69 97 2070
0  Other 0 Other
04  PE—Flexibie 1 Genera-Purpose 1 <2 1.16-1.20 N/AF 34 52 690
Resistant 2 2-8 1.16-1.20 N/A 34 52 690
3 6-12 1.16-1.20 N/A 34 52 690
4 10-16 1.16-1.20 N/A 34 52 690
5 15-22 1.16-1.20 N/A 34 52 690
6 20-30 1.16-1.20 N/A S 52 690
7 > 30 1.16-1.20 N/A 34 52 690
0 Other
2 SemRigid 1 <2 1.16-1.20 N/AF 21 14 69
2 2-8 1.16-1.20 N/A 21 14 69
3 8-12 1.16-1.20 N/A 21 14 69
4 10-16 1.16-1.20 N/A 21 14 69
5 15-22 1.16-1.20 N/A 21 14 69
6 20-30 1.16-1.20 N/A 21 14 69
7 > 30 1.16-1.20 N/A 21 14 69
0 Other . ... ... ... ...
3 Non-Rigid 1 <2 1.10-1.20 N/AF 7 7 <89
2 2-8 1.10-1.20 N/A 7 7 <89 *
3 612 1.10-1.20 N/A 7 7 <89
4 10-16 1.10-1.20 N/A 7 7 <69
5 15-22 1.10-1.20 N/A 7 7 <89 <
] 20-30 1.10-1.20 N/A 7 7 <89
7 > 30 1.10-1.20 N/A 7 7 <89
0 Other .. ... .. ...
0 Other 0 Other . .. .
% No descriptions are isted uniees needed to descrive & special grade under the class. Al Other grades are isted by requrements. =

8 Conditions—Method A, 6.7 kg, 2.0955 mm

€ Specimens 3.2 mm tested at 1.82 MPa.
© Type 1 bar, speed 5.1 mmymin.

inside diameter orifice:

Group-Class Test Temperatures, °C

011, 012, 021, 022 3433
023, 024, 0, 032, 033, 034 an
041, 042, 043 300

£ Method |, Procedure A, speed = 2.5 mm/min, span-to-depth ratio 16/1, (tangent modulus).

= ‘.:V

"N/A'kmmmmnwduigmmismwmwplm'tomaprodt.lctbeingeonsidefw.

v

7. Detail Requirements

7.1 The various materials shall conform to the require-
ments prescribed in the Tables and suffix requirements as
they apply.

7.2 For the purpose of determining conformance, all
specified limits for a specification (line callout) based on this
classification system are absolute limits, as defined in Prac-
tice E 29.

7.2.1 With the absolute method, an observed value or a
calculated value is not rounded, but is to be compared
directly with the specified limiting value. Conformance or
nonconformance is based on this comparison.

8. Sampling
8.1 Sampling shall be statistically adequate to satisfy

Qustt%ntact FDA/CDRH/OCE/DID at CDRR80ISTATUS @fda.hhs.gov or 301-796-8118
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requirements of 13.2. A “lot” of material shall be considered
as a unit of manufacture as prepared for shipment, and may~

consist of a blend of two or more “production runs” or¥
batches. %

9. Number of Tests &

9.1 The number of tests shall be consistent with the.
requirements of Section 8 and 13.2.

E-

XS

10. Specimen Preparation N,

10.1 Unless otherwise specified. test specimens shall be-:
prepared by injection molding in accordance with Practice
D 1897 employing the following conditions:

——— e
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) TABLE A Detail Requirements Filled or Reintorced PE|, or Both
—_— Note—Resin sampies should be dried 4 h at 160°C in an air-circulating oven before moiding specimens to be used in these tests and before determining meit-fiow rate.
<t Designation Property/ASTM Test i
o onger | . Method Units 0 1 2 3 4 5 8 7 8 9
m 4 ~
790, . 1 Tensie swength, min D 638.4 Type |  MPa® c 25 55 80 10 135 165 190 220 e
>3 min bar, 0.2 infmin.
2 Fiexural modulus, min, D 790€ MPa® c 690 1720 3450 5170 6900 8620 10340 13790 o
2760 3 Flow Rate, min. D 12387 g/10 min c 1 4 7 10 13 16 20 24 o
2760 4 Fiexural strength, min D 790¢ MPa8 ¢ 30 65 100 135 170 205 240 275 o
2760 5 Deflection Temperature min, D 6486 °*C c 180 190 200 210 220 230 240 250 o
“e © AType | bar. speed = 5.1 mm/min.
2070 8 MPa x 145 = psi.
2070 < Unspecified.
2070 © Specific value (must be shown).
2070 £ Method 1, Procedure A; speed = 2.55 mm/min.
223',’,% F Conditions—Method A, 6.7 kg, 2.0955 mm inside diameter orifice:
2070 Group-Class Test Temperatures, °C
o 011,012, 021, 022 3433
690 023, 024, 031, 032, 033, 034 a7t
690 041, 042, 043 300
690 ) .
690 G 3.2 mm thick specimen tested at 1.82 MPa.
690
ggg TABLE B Detsil Requirements Unreinforced/Unfilled PEI
o Note—Resin sampies should be dried 4 h at 160°C in an awr-circulating oven before molding specamens to be used in these tests and before determining mett-flow rate.
9
29 D";"-’m"::”" Propeny/ASTM Test Units 0 1 2 3 4 5 6 7 8 9
- 1 Tensie strength, min D 638 MPas ¢ 14 25 40 55 65 80 9 10 ©
€9 2 Flexural modulus, min, D 790€ MPa& c 7 30 65 340 690 1380 2070 2760 e
69 3 Flow Rate, min, D 1238* g/10min ¢ 2 6 10 14 18 22 26 30 o
69 4 Flexural strength, min D 790£ MPa#é c 7 30 65 90 10 130 150 170 o
. 5 Defiecting Temperature, min, D 6489 °c ¢ 170 180 190 200 210 220 230 240 o
~69 4 Type | bar, speed = 5.1 mm/min.
3 & MPa x 145 = psi.
3 ¢ Unspecified.
<89 © Specific value (must be shown).
<69 : £ Method 1, Procedure A; speed = 2.55 mm/min,
23 F Conditions—Method A, 6.7 kg, 2.0955 mm inside diameter orifice:
Group-Class Test Temperatures, °C
—— 011, 012, 021, 022 3433
’ 023, 024, 031, 032, 033, 034 37
041, 042, 043 300
G 3.2 mm thick specimen tested at 1.82 MPa.
'
. TABLE 1 Detail Requirements
: Note—Resin samples should be dried 4 h at 160°C in an air-circulating oven before moiding specimens to be used in these tests
¥ Property Condition4 Units A B8 o] ] E
Dielectric constant,® max 48/50 + D24/23
s 1 KHz, 50 % AH, 23°C ' 32 3.7 37 38 AN
i 1 MHz 3s
» considered - ] Dissipation factor.® max 48/50 + D24/23
at, and may i 1 KHz, 50 % RH, 23°C ’ c.n 0.0015 0.0018 0.0017 0.0017
” or- 2450 MH, 50 % RH, 23°C 0.003
n runst OF 3 4 My 50 % RH, 23°C 0.007
Volume resistivity, © min 24/23/50 ohm-cm 101 10'e 108 10%e .
. Dielectric strength,® min (1.6 mm thickness, in 48/50 + 96/23/50 KV/mm 23.6 23.0 22.0 21.0 17.0
. oll, /M (V/mil)
+ § Specific Gravity€ . 127 1.34 1.42 1.51
. “ In accordance with Method D 618.
.nt with the ® See Test Method D 150.
¢ See Test Method D 257.
O See Test Method D 149.
€ See Test Method D 792 (tolerance = 0.02).
.
with Practict:
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Minimum Minimum acceptance or rejection of the lot is made and shall consist of *~

Mold Stock the test listed, as it applies. as follows: flow rate. A

Tem"%““’e- T““p?éa‘“‘e' 13.3 Periodic check inspection shall consist of the teq; *:
Uuilled and "nf . 120 160 specified for all requirements of the material under thig

n and unremniorce:

B e or both 150 390 classification system. Inspection frequency shall be adequate-

11. Conditioning

11.1 Condition test specimens at least 40 h at 23 = 2°C
and 50 = 5 % relative humidity.

12. Test Methods

12.1 Determine the properties enumerated in this classifi-
cation system using the referenced test methods.

13. Inspection and Certification

13.1 Inspection and certification of the material supplied
with reference to a specification based on this classification
system shall be for conformance to the requirements speci-
fied herein.

13.2 Lot acceptance inspection shall be the basis on which

APPENDIX -9
(Nonmandatory Information)

X1. CROSS REFERENCES

to assure the material is certifiable in accordance with 13.4,

13.4 Certification shall be that the materiai was manufac. -
tured. sampled. tested. and inspected in accordance with this
classification system and that the average values meet thg.
requirements at the 95 % confidence level.

13.5 A report of the test results shall be furnished whgn
requested. The report shall consist of results of the:ilotg:
acceptance inspection for the shipment and the results of thc,.,
most recent periodic check inspection.

14. Packing, Packaging, and Package Marking :“5.1

14.1 Provisions of Practice D 3892 apply for pachng,
packaging, and marking of containers for plastic materials. .,

15. Keywords e
15.1 classification; line-call-out; polyetherimide resins

&
£y
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X1.1 The following cross references between government specifications and Classification System D 5205 are prowded ﬁ;ﬁ

information purposes only.

.92

-"7.\:;'. 3'._‘,
TABLE X1.1 Cross References Designations for Classification System D 5205 and ST
Government Specifications : 51.
Government Specification Classification System D 5205 =
MIL-P-46184 s
Type | (unfitled) PEI0113 EO1FO5F06 e
Type il Class 1 (glass reinforced) PEI0110 G10 A49203 E02 ZU 4340MPa @
Class 2 (glass reinforced) PEI0110 G20 A99103 EO03 ZU 5800MPa a f
Class 3 (glass reinforced) PEI0110 G30 A99103 E04 ZK 159MPa ZU 7600MPa ’ 3
MIL-M-245198 ! 5
Type: GLT-10F (giass reinforced) PEI0110 G10 A00290 E05 ZN 180MPa -
GLT-20F (giass reinforced) PEI0110 G20 A00190 EO5 ZN 195MPa =
GLT-30F (glass reinforced) PEIO110 G30 AC0190 EOS ZN 215MPa MF
cowil

. Ak
The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection :'. 5‘?
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such e
patent rights, and the risk of infringement of such rights, are entirely their own responsibility. e
:gs -
This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and ~
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards —~o¥
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible vl
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your S
views known to the ASTM Committee on Stanoards. 1916 Race St., Philadelphia, PA 19103. "_«303_;

~d

a
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Questions? C\ir\t FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118 ,-
A
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qﬂ“’ Designation: D 4066 - 92a

An American National Standard

Standard Specification for
Nylon Injection and Extrusion Materials (PA)'

This standard is issued under the fixed designation D 4066: the number immediately following the designation indicates the year of
original adoption or. in the case of revision, the vear of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

This specification has been approved for use by agencies of the Department of Defense. Consult the DoD Index of Specifications and
Standards for the specific year of issue which has been adopted by the Department of Defense.

INTRODUCTION

This specification is intended to be a means of calling out plastic materials used in the
fabrication of end items or parts. It is not intended for the selection of materials. Material selection
should be made by those having expertise in the plastics field after careful consideration of the
design and the performance required of the part, the environment to which it will be exposed, the
fabrication process to be emploved. the inherent properties of the material other than those

covered by this specification, and the economics.

1. Scope

1.1 This specification covers nylon materiais suitable for
injection molding and extrusion. Some of these composi-
tions are aiso suitable for compression molding and applica-
tion from solution.

1.2 The properties included in this specification are those
required to identify the compositions covered. There may be
other requirements necessary to identify particular character-
istics important to specialized applications. These shall be
agreed upon between the user and the supplier. by using the
suffixes as given in Section 5.

1.3 The values stated in SI units are to be regarded as the
standard.

1.4 The following precautionary caveat pertains only to
the test method portion, Section 11, of this specification.
This standard does not purport 1o address all of the safety
problems, if any, associated with its use. It isythe responsi-
bility of the user of this standard to establish appropriate
safety and health practices and determine the applicability of
regulatory limitations prior to use. A specific hazards state-
ment is given in 11.2.

2. Referenced Documents

2.1 ASTM Standards:

D 149 Test Method for Dielectric Breakdown Voltage and
Dielectric Strength of Solid Electrical Insulating Mate-
rials at Commercial Power Frequencies”

D150 Test Methods for A-C Loss Charactenistics and
Permittivity (Dielectric Constant) of Solid Electricai
Insulating Materials?

D 256 Test Methods for Impact Resistance of Plastics and
Electrical Insulating Materials®

! This specification is under the jurisdiction of ASTM Committee D-20 on
Plastics and is the direct responsibility of Subcommittee D20.15 on Thermoplastic
Matenials (Section D20.15.09).

Current edition approved Dec. 15. 1992. Published February 1993. Onginally
published as D 4066 - 82. Last previous edition D 4066 - 92.

2 ~1nnua1 Book of ASTM Standards. Yol 10.01.

nnua .Book

ues IOI’]X

620

D 257 Test Methods for D-C Resistance or Conductance
of Insulating Materials?

D618 Practice for Conditioning Plastics and Electrical
Insulating Materials for Testing?

D 638 Test Method for Tensile Properties of Plastics®

D 648 Test Method for Deflection Temperature of Plastics
Under Flexural Load?

D 789 Test Methods for Determination of Relative Viscos-
ity, I\;Ielting Point. and Moisture Content of Polyamide
(PA)

D790 Test Methods for Flexural Properties of Unrein-
forced and Reinforced Plastics and Electrical Insulating
Materials®

D 792 Test Methods for Specific Gravity (Relative Density)
and Density of Plastics by Displacement?

D 883 Terminology Relating to Plastics?

D 1600 Terminology for Abbreviated Terms Relating to
Plastics?

D 1897 Practice for Injection Molding Test Specimens of
Thermoplastic Molding and Extrusion Materials®

D 1898 Practice for Sampling of Plastics®

D 2584 Test Method for Ignition Loss of Cured Reinforced
Resins*

D 3418 Test Method for Transition Temperatures of
Polymers by Thermal Analysis?

D 3892 Practice for Packaging/Packing of Plastics®

D 4000 Classification System for Specifying Plastic
Materials*

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications®

2.2 Military and Federal Specifications and Standards.®

MIL-STD-105 Sampling Procedure and Tables for Inspec-
tion by Attributes

* Annual Book of ASTM Standards. Vol 08.02.
* Annual Book of ASTM Standards. Vol 14.02.
© Available from Standardization Documents Order Desk. Bldg. 4 Section D.
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{h D 2066
L-P-410 Plastic, Polyamide (Nylon) Rigid: Rods, Tubes, NOTE 3—Ash content of filled or reinforced materials may be
Flats, Molded and Cast Parts determined using Test Method D 2584 where applicable.

VV-1-530 Insulating Oil, Electrical (for Transformers,
Switches, and Circuit Breakers)

2.3 Underwriters Laboratories:’

UL 94 Standards for Tests for Flammability for Parts in
Devices and Appliances

2.4 ISO Standard?®

ISO 307 Determination of Viscosity Number of
Polyamides in Dilute Solutions

4.2.2 Table A, Detail Requirements—Reinforced Nylons—
An identifying number is made up of the letter A and five
digits comprising the cell numbers for the new requirements
in the designated order as they appear in Table A.

4.2.2.1 Although the values listed are necessary to include

the range of properties available in existing materials, users
should not infer that every possible combination of the
properties exists or can be obtained.
. 4.2.3 When the grade of the basic material is not known
3. Terminology or is not important, the use of “0” grade classification will be
used for reinforced materials in this system. (See Note 6.)

NOTE 4—An example of a reinforced nylon of this classification

3.1 For definitions of technical terms pertaining to plas-
tics used in this specification, see Terminology D 883.

4. Classification system is as fo}lows: The designation PA0315G30A22450 would indi-
. ) ) . cate the following material requirements from Table A:

4.1 Unreinforced nylon materials are classified 1nto PAO3LS = 11

A . R . . = nylon, from Table PA,
groups according to their chemical composition. These G30 = glass reinforced at 30 % nominal
groups are subdivided into classes and grades as shown in the (Tse:, 42.1),
i A = Table A property requirements.
Basic Property Table (Table PA). A o Mpa fengfc p, :gth. men
NoTeE 1—An example of this classification system is as follows: The 2 = 4500 MPa flexural modulus, min,

designation PA0123 would indicate: 4 = 100 J/m lzod impact. min.
PA = polyamide (nylon) as found in Terminology D 1600, 5 = 160°C deflection temperature at 1.82 MPa. min. and
01 (group)= 66 nylon. 0 = unspecified. o

2 (class) = heat stabilized, and If no properties are specified, the designation would be PA0315G30A00000.

3 (grade) = with a minimum relative viscosity of 100 and the require- 4.3 To facilitate the specification of special matenals

ments given in Table 1. where the basic property table does not reflect the properties

4.1.1 To facilitate the incorporation of future or special required, Table B has been incorporated into this specifica-
materials not covered by the Basic Property Table, the  tion. This table will be used in a manner similar to Table A.

“other/unspecified” category (O) for group, class, and grade NoTE 5—Pigmented or colored nylons can differ significantly from
is shown on the table with the basic properties to be obtained the natural polymers in mechanical properties depending on the choice
from Tables A or B as they apply (see 4.3). of colorants and conxnt@tiqns. The.main property aﬁ'ected is ductility.

42 Reinforced and lubricated versions of the nylon mate- as illustrated by a reduction in Izod impact and elongation values. In 2

. . N . . typical white pigmented nylon, elongation losses of up to 50 % and Izod
rials are classified in acgordance with Tables PA and A or B; impact losses of up o 30 % are common. If s pecific properties of
where Table PA specifies the unreinforced material and

S C 1 pigmented nylons are required. a testing program should be arranged by
Tables A or B the properties after the addition of reinforce- the material supplier or the end user, or both. Once these agreements are

ments or lubricants at the nominal level indicated (see 4.2.1). reached. a cell callout using Table B should be employed to insure
4.1 Reinforcements and additive materials. A symbol proper property compliance.

: : : : NOTE 6—An example of a special material using this classification
(single-letter) will be used for the major reu}forcemem or -

P . . system is as follows: i i 2 indi
combination. or both. along with two numbers which y i as follows: The designation PA0220B54220 wo_uld indicate the
. .. X following, with the material requirements from Table B:
indicate the percentage of addition by mass with the toler- PAG220 = 6 nylon, heat stabilized. from Table PA
ances as tabulated below. B = Table B property requirements.

3 = 70 MPa tensile strength, min
Tolerance gth, min.
Symbol Matenal (Based on the Totai Mass) f = 2400 MPa ﬂ;xuml modulus. min.

c Carbo J hite fiber 2 2 = 40 J/m lzod impact. min.

arbon and grapht = K 2 = 55°C deflection temperature at 1.82 MPa. min, and
G Glass £2% 0 = unspecified.
L Lubricants (for exampie. by agreement between the

PTFE. graphite. silicone. supplier and the user 5. Suffixes

and molybdenum disulfide) . . .

M Mineral *2% 5.1 When using the callout for the materials covered b

R Combinations of reinforce- + 3 % for the total rein- this speciﬁcation. the following suffixes may be used fo

ments or fillers, or both forcement

specific requirements for the material for the applicatio

intended. In general, the suffix letter gives the gener:
additives. or both. in the control of the modified basic material. The requirement needed and the first number (digit) gives the te
types and percentages of reinforcements and additives should be shown condition. with the second number ( digit) giving the specif
on the supplier’s technical data sheet unless they are proprietary in N

NoTE 2—This part of the system uses percent of reinforcements or

nature. If necessary. additional control of these reinforcements and requirement.
additives can be established by the use of the suffix part of the system. S u{ﬁxes;
Section 5. E = Electrical requirements as designated by the followir
digits:
7 Available from Underwriters Laboratories. Inc. Publication Stock. 333 First Digit

Pfingsten Road. Northbrook. IL 60062. 0 = To be specified by user.
8 Avallable from American National Standards Institute, 11 West 42nd St.. | = Specimens tested dry-as-molded.
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TABLE 1 Electrical Properties of Unreinforced Nylons TABLE 2 Electrical Properties of Reinforced Nylons
ASTM Test Requirement ASTM Test )
Method Mett Requirement
Insuiation resistance, min, MQ D 257 (NoTE 8) 5 x 108 Dielectric strength step-Dy-step test, min, D 149 (NoTE 9) 14.8 (Note 12)
Dielectric strength step-by-step test, min, D 149 (NoTE 9) 14.8 (NoTE 12) KkV/mm
KV/mm Dielectric constant at 1 MHz, max D 150 (Note 10) 42
Dielectric constant at 1 MHz, max D 150 (NoTe 10) 40 Dissipation factor at 1 MHz, max D 150 (Note 10) 0.025
Dissipation factor at 1 MHz, max D 150 (Note 10) 0.11
to Federal Specification VV-I-530 at a frequency not ex
Second Digit ceeding 100 Hz. Step-by-step testing shall be carried ou
0 = To be specified by user. - using five test specimens.
1 = Insulation resistance. c}ie{ectric strength. dielectric constant. and dissipauion NoTE 10—As modified by the following: The test specimen is dis
factor meet property limits as shown in Table 1. These m.:;lm"“’ limis  50.8 mm or 101.6 mm in diameter by 3.18 mm thick. The dissipatio
applied to unreinforced nylons when control of their electnical properues is factor is the cotangent of the dielectric phase angle or the tangent of th

required. . . . .
1 = Dielectric strength. dielectric constant. and dissipation factor meet property dlelet_:tpc !oss angfle- Five specimens shall. be tested. After the humld“
Timits as shown in Table 2. These are electrical limits applied to D toreed  conditioning specified by first digit following the E suffix, test specimer
nylons when control of their electrical properties is required. are immersed in distilled water at 50°C for 48 h followed by immersio

in distilled water at 23°C for Y2 h. Start the test within 2 min afte

F= Harpmat?il_xty requirements as designated by the fol-  removing the specimen and wiping with a dry cioth.
lowing digits: NOTE 11—kV/mm x 25.4 = V/mil
First Digit .
g ) ¢ 6. General Requirements
£ 0 = To be specified by user. R .. .
@ | = Product is recognized UL94 at 3.05 mm thickness. 6.1 The material composition shall be uniform and sha
= 2 = Product is recognized UL94 at 1.47 mm thickness. conform to the requirements specified herein.
k=) 3 = Product is recognized UL94 a1 0.7} mm lh!ckncss.
é’ 4 = Product is recognized UL94 at 0.38 mm thickness. 7. Detail Requirements
3 Second Digit . .
< » cond Lhe! 71 The material shall conform to the requirements pr
§% ?:L‘;_g: ﬂ’;“ﬁed by user. scribed in Tables PA. A, and B. and suffix requirements :
=3 2 = UL94 V-2 they apply. o ‘
3 = ULS4 V-1 7.2 For the purpose of determining conformance with th

- ; - ‘C{Z‘l ;/\4/) specification, all specified limits in this standard are absolu.

N = e~ - .

o Caution—See 11.2 for ASTM's position with respect to flammability standards. limits, as defined in Practice E 29.

7 = Oth al . ement characteristics. that is color 7.2.1 With the absolute method. an observed value or
= tter s‘;l)ecxg gequlr_ t' N lout &a abilities ay be calculated value is not rounded. but is to be compared direct
not covered by exisung ¢ D Y with the specified limiting value. Conformance or nonco:

assigned by the user. These will be spelled out in detail : ; S h e
“nd identified in sequence. that s, 01, 02. 03. etc. formance with the specification 1s based on this compariso:

NoTE T—A further list of suffixes can be found in Classiﬁcation 8. Sampling
D 4000 and may be used for additional requirements as appropriate. 8.1 Sampling shall be statistically adequate to satisfy ti

57 Additional suffixes will be added to this specification requirements of Section 13.4. A lot of material shall !
as test methods and requirements are developed. considered as a unit of manufacture as prepared for shi
. ) ment and may consist of a blend of two or more productic
NoTe 8—As modified py the following; Electrodes sball be American runs or batches of material.
Standard No. 3 tapered pins 3 in. (76.2 mm) long having a diameter at
the large end of 5.56 mm and tapering 6.35 mm per 305 mm. The 9. Specimen Preparation

specimen shall be of sufficient size so that two 4.75 mm diameter holes ) ) o
centrally located. 25.4 mm apart. center-to-center. and perpendicular to 9.1 The test specimens shall be molded by either an iy

the faces of the specimen, may be drilied. The holes shall be drilled as  tion or compression molding process as specified in the
above and then reamed. using a standard-tapered pin reamer. to a  nual Book of ASTM Standards for the specific products test

ed on specimens with a 12.7 mm depth, 3.17 mm wig

04 materials are based on unannealed test specimens

ns are presently used commercially only as renforced materals.

2
o
@
;é'; g sufficient depth to allow the pins t0 extend approximately 31.75 mm or they shall be molded as specified by the resin supplier.
E 3 bevond the small end of the hole. The electrodes shall be inserted after ‘ -
| the specimens have been conditioned. These specimens shall be tested. 10. Conditioning
22 NOTE 9—As modified by the following: The test specimen shall be a e _ |
33 disk 101.6 mm in diameter and 3.18 mm thick. Step-by-step testing shall 10.1 C ondltlomng—Test data shall be obt'ame.d us
S g be done after a short-time test where voltage is increased uniformiy at dry-as-molded specimens. defined as those which imme
£ % the rate of 500 V/s. Voltage increments for the step-by-step test shail be ately upon removal from mold are sealed in containers t
0 : i . : s M
H 5 determined from short-time test results as follows: are 1mpermeable o water vapor. Maximum moisture ¢
§2 ‘ Increment for step-by-step test. tent of specimens shall be 0.30 %. No moisture shall
53 Breakdown by short-time test. k¥ kv intentionally added to reach this level. Condition specim
12.5 or less 0.5 a minimum of 24 h in sealed containers at 23 = 2°C.
, Over 12.5 to 25. incl 1.0 ) ) ) )
2w Over 25 to 50. incl 2.5 NOTE 12—Physical properties of most nvlon resins are highly de
::; = ___3 Over 50 to 100. incl 30 dent upon the moisture content of the molded item. The user is refe
3 § & Over 100 100 to the manufacturer’s literature for details.
T 2z 0 . . .. .
ub#t p i formin 10.2 Test Conditions—Conduct tests 1 the standard
Qubstionsictrpmhresirsshal BFCRbIRYST SB AT

FOISTATUS@fda.hhs.gov or 301-796-8118
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TABLE A Detail Requirements# Reinforced Nyions
Designa-
tion Or- Property 0 1 2 3 4 5 6 7 8 9
der No.
1 Tensile strength, ASTM unspecified 35 70 105 140 175 210 245 280 | Specify? valve
D 638, min, MPa%-¢
2 Flexural modulus, ASTM unspecified | 1 500 | 4 500 | 7 500 | 10 500 | 13 500 | 16 500 | 19 500 | 22 500 | Specity® valve
D 790, min, MPa®-&
3 1zod impact, ASTM D 256, unspecified 25 50 75 100 125 150 225 300 | Specify® value
min, J/m¥
4 Deflection temperature, unspecified 50 85 110 135 160 185 200 235 | Specify® value
ASTM D 648, 1820 kPa,
°C, min
5 To be determined unspecified

A It is recognized that detailed test values, particularly 1zod impact, may not predict nor even correlate with performance of parts moided of these materials.

8 MPA x 145 = psi.

C Tensile strength and elongation shail be determined on Test Method D 638 test specimens 3.2 + 0.4 mm thick. The speed of testing shall be § mm/min (+£25 %) unless

otherwise agreed.
O if specific value is required, it must appear on drawing or contract, or both.

£ Flexural modulus shalt be determined on Test Method D 790 test specimens 6.4 by 13 by 130 mm with a crosshead speed of 2.8 mm/min (+50 %), Procedure A.

FJ/m % 18.73 x 1073 = ft-Ibf/fin.

NoTe—Moisture content of the resin shall not exceed 0.30 % “as received” based on Specification D 789, unless otherwise agreed.

TABLE B Detail Requirements# Unreinforced Nylons

Designa-
tion Or- Property 0 1 2 3 4 5 6 7 8 9
der No.
1 Tensile strength, ASTM unspecified 10 25 40 55 70 85 100 115 | Specity® value
D 638, min, MPa#.¢
2 Flexural modulus, unspecified 300 1 000 1 700 2 400 3 100 3 800 4 500 5 200 Specify © value
ASTM D 790, min,
MpaB.E
3 Izod impact, ASTM unspecified 20 40 60 100 140 180 240 300 | Specify® value
D 256, min, J/mSF
4 Defiection temperature, unspecified 40 55 70 85 100 115 130 145 | Specify® vaiue
ASTM D 648, 1820
kPa, °C, min
5 To be determined unspecified

4 It is recognized that detailed test values, particularly izod impact, may not predict nor even correlate with performance of parts moided of these materials.

8 MPA x 145 = psi.

< Tensile strength and elongation shall be determined on Test Method D 638 test specimens 3.2 + 0.4 mm thick. The speed of testing shall be 50 mm/min (+10 %)

uniess otherwise agreed.
0\t specific value is required, it must appear on drawing or contract, or both.

£ Flaxural modulus shallt be determined on Test Method D 790 test specimens 6.4 by 13 by 130 mm with a crosshead speed of 2.8 mm/min (+50 %), Procedure A.

FJim x 18.73 x 1073 = ft-bf/in.

NoTE—Moisture content of the resin shall not exceed 0.30 4 “as received” based on Spectfication D 789, unless otherwise agreed.

oratory atmosphere of 23 + 2°C and 50 = 5 % relative
humidity. Individual specimens shall not be removed from
sealed containers until immediately before testing.

v

11. Test Methods

I1.1 Determine the properties enumerated in this specifi-
cation by means of the test methods referenced.

11.2 This standard should be used to measure and de-
scribe the properties of materials, products, or assemblies in
response to heat and flame under controlled laboratory
conditions and should not be used to describe or appraise the
fire hazard or fire risk of materials, products, or assemblies
under actual fire conditions. However, results of this test may
be used as elements of a fire risk assessment which takes into
account all of the factors which are pertinent to an assessment
of the fire hazard of a particular end use.

12. Number of Tests

12.1 The number of tests conducted shall be consistent

wit&the requirements of Sections 8 and 13.4
uestions”? Contact

13. Inspection and Certification

13.1 Inspection and certification of the material supplied
under this specification shall be for conformance to the
requirements specified herein.

13.2 Lot-acceptance inspection shall be the basis on which
acceptance or rejection of the lot is made. The lot-acceptance
inspection shall consist of the tests listed as they apply:

Relative viscosity,
Moisture content.
Reinforcement content,

Carbon black content {weather-stabilized materials), and
Heat stabilizer content (heat-stabilized materials. supplier’s test showing positive

presence).

13.3 Peniodic-check inspection shall consist of the tests
specified for all requirements of the material under this spec-
ification. Inspection frequency shall be adequate to ensure
the material is certifiable in accordance with Section 13.4.

13.4 Certification that the material was manufactured.
sampled. tested, and inspected in accordance with this
specification and that the average values meet the require-
ments at a confidence level of 95 %.

DRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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I D 4066

13.5 A report of the test results shall be furnished when
requested. The report shall consist of results of the lot-
acceptance inspection for the shipment and the resuits of the
most recent periodic-check inspection.

14. Packing, Packaging, and Marking

14.1 For packing, packaging, and marking, the provisions
of Practice D 3892 apply.
15. Keywords

15.1 line callout; nylon; nylon materials; plastics; plastics
materials

APPENDIX

(Nonmandatory Information)

X1. VISCOSITY CONVERSION: ASTM TEST METHODS D 789 AND ISO 307

X1.1 The relation between relative viscosity in 90 %
HCOOH (Test Methods D 789) and viscosity number in
96 % H2S0, (ISO 307) was developed in an interiaboratory
round-robin study by ISO TC-61 Subcommittee 9/Work
Group 8 (Plastic Materials/Polyamides). Seven laboratories,
including 3 USA labs (Allied. DuPont, and Monsanto),
participated in the work. A 95 = 9 % between lab confidence

X 1.1) are provided, using the established relationship:
VN=A+ B x In(RV)

where:

VN= viscosity number (ISO 307),

RV= relative viscosity (Test Methods D 789),
A = —206.52124, and

interval was predicted for the measurements. B =90.23355.
X 1.2 For convenience a conversion table and graph (Fig.
300 T Y
_ [ M ‘] .l
§ — AQprosimauon /
§ 2%0 /f /
g AT
£eoo A
Ué 150 "/
- 74 J
‘oolo 60 ac 100 14Q 160 180 200 720

RELATIVE VISCOSITY,

Rv (TEST METHODS D 789)

FIG. X1.1 Nylon 6 and Nylon 68 Viscosity Correlation Relative
Viscosity in 90 % HCOOH (Test Methods D 789) versus Viscosity

Number in 96 % H2SO, (IS0 307)

’ Questions? Contact FDA({CDRH/OCE
ii iﬁj\ /DID at CDRH-F(%IZ%TATUS@fda.hhs.gov or 301-796-8118
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The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved of withdrawn. Your comments are invited either for revision of this standard or for additional standards
and shouid be addressed to ASTM Headquarters. Your comments will receive careful consideration at & meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you shoutd make your
views known to the ASTM Committee on Standards, 1916 Race St., Philadeiphia, PA 19103.

Questions? Contact
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qﬁ“’ Designation: A 808 - 91

Standard Specification for

Stainless Steel Needle Tubing’

Th'smndﬁdisimwdund«theﬁxcdddsnnionAm;thenmhuimmedmdyfon
oridnﬂadopﬁonm,inmeaseofnviﬁomtheyurofhnmviﬁm.Annmberinputmhus
Mcpdlon(e)indiammedimﬁﬂcmpdncemehnmﬁmormvﬂ.

1. Scope

1.1 This specification covers austenitic, stainless steel,
needle tubing in hard-drawn tempers for industrial applica-
tions.

1.2 In general, needle tubing describes small-diameter
tubing with outside diameters (ODs) in the range of 0.008 to
0.203 in. (0.2 to 5.2 mm) with nominal wall thicknesses in
the range of 0.002 to 0.015 in. (0.05 to 0.4 mm). Needle
tubing gages are normally 6 through 33.

1.3 The values stated in inch-pound units are to be
regarded as the standard. The values given in parentheses are
for information only.

2. Referenced Documents

2.1 ASTM Standards:

A 450/A 450M Specification for General Requirements
for Carbon, Ferritic Alloy, and Austenitic Alloy Steel
Tubes?

3. Ordering Information

3.1 Orders for material in accordance with this specifica-
tion shouid include the following, as required, to describe the
material adequately:

3.1.1 Quantity (feet, metres, or number of lengths),

3.1.2 Gage or size (outside diameter and minimum wall
thickness),

3.1.3 Length (specific or random), and

3.1.4 Test report required (see the section on certification
in Specification A 450/A 450M).

4. General Requirements '

4.1 Material furnished in accordance with this specifica-
tion shall conform to the applicable requirements of the

current edition of Specification A 450/A 450M, uniess oth-
erwise provided herein.

5. Process

5.1 An electric furnace or other similar primary meiting
process with or without degassing or refining may be used.

1 This specification is under the jurisdiction of ASTM Committee A-1 on Steel,
Stainless Steel, and Related Alloys and is the direct responsibility of Subcommittee
A01.10 on Steel Tubing.

Current edition approved Dec. 15, 1991. Published February 1992.

2 Annual Book of ASTM Standards, Yol 01.01.

Questions? Contact F

owing the designation indicates the year of
indicates the year of last reapproval. A

TABLE 1 Chemical Requirements

0.08 max
2.00 max
0.040 max
0.030 max
0.75 max
18.0-20.0
8.0-11.0

Carbon
Manganese
Phosphorous

Sulfur
Siicon
Chromium
Nickel

TABLE 2 Tensile Requirements
Tensile strength, ksi (MPa) 150-200 (1030-1370)

6. Manufacture

6.1 Needle tubing shall be made by the seamless or welded
and drawn process and shall be furnished in the hard-drawn
temper condition.

7. Heat Treatment .

7.1 Unless otherwise specified by the purchaser, no heat
treatment is required.

8. Chemical Composition

8.1 Stainless steel, Type 304, UNS $30400, in accordance
with Table 1 shall be used.

8.2 Heat Analysis—An analysis of each heat of steel shall
be made by the manufacturer from samples made during the
pour. The chemical composition thus determined shall meet
the requirements of Table 1.

8.3 Product Analysis—An analysis may be made by the
purchaser from finished tubing. The chemical composition
thus determined shall meet the requirements of Table 1.

9. Mechanical Properties

9.1 Tensile Requirements—The tubing shall meet the
tensile properties specified in Table 2. Yield strength, elon-
gation, and hardness tests are not required for needle tubing.

9.2 Number of Tests—Two tension tests for each 5000 ft
of product per heat shall be performed.

10. Dimensions

10.1 Sizes and Tolerances—Needle tubing sizes and di-
mensions shall be in accordance with Table 3.

11. Keywords
11.1 needle tubing; stainless steel

H/OCE/DID at CDRH-FOIS’ZIGATUS@fda.hhs.gov or 301-796-8118
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qm}) Designation: A 666 - 92

Standard Specification for

Austenitic Stainless Steel Sheet, Strip, Plate,

and Flat Bar'

Thismﬁndisisudundenheﬁxedduigmﬁon Am;menmbaimdhtdyfonowingnuddgmﬁonindiutatheywd
otiu'nal.dqxionor.intbecaseofnﬁdm&eywdl&mﬁom{\.nmbuinmnmhmmdeﬂwywofm:uMA
wwuhqﬁh(e)iwmmmmmmmmmmmm

nunwdmm”pmvedformbyagadaoflhebepmmofbefmm Consult the DoD Index of Specifications and
Sxandardtﬁwrhespec(ﬁcyearofissuewhichhasbmadoptedbylheDepanmmofDefme.

1. Scope

1.1 This specification covers austenitic stainless steels in
the annealed and normally required cold-worked conditions
for various structural, architectural, pressure vessel, mag-
getic, cryogenic, and heat-resisting applications. (This revi-
son of Specification A 666 replaces prior Specifications
A 412 and A 177))

1.2 The application of this specification, or the use of
material covered by this specification does not automatically
allow usage in pressure vessel applications. Only annealed
conditions of grades specifically approved by the ASME code
are permitted for pressure vessel use.

1.3 The values stated in inch-pound units are to be
regarded as the standard. The values given in parentheses are
for information only.

2. Referenced Documents

2.1 ASTM Standards:

A 370 Test Methods and Definitions for Mechanical
Testing of Steel Products®?

A 480/A 480M Specification for General Requirements’

for Flat-Rolled Stainiess and Heat-Resisting Steel Plate,
Sheet, and Strip?

A 484/A 484M Specification for General Requirements
for Stainless and Heat-Resisting Bars, Billets, and
Forgings®

3. General Requirements

'

3.1 The following requirements for orders for material
furnished under this specification shall conform to the
applicable requirements of the current edition of Specifica-
tion A 480/A 480M or A 484/A 484M:

3.1.1 Definitions,

1.2 General requirements for delivery,

1.3 Ordering information,

1.4 Process,

1.5 Special tests,

6 Heat treatment,

7 Dimensions and permissible variations,
.8 Workmanship, finish and appearance,
9 Number of tests/test methods,

3,
3.
3.
3.
3.
3.
3.
3.

1
1
1
1

t This specification is under the jurisdiction of ASTM Committee A-1 on Steel,
Stainiess Steel. and Related Alloys and is the direct responsibility of Subcommittee
AD1.17 on Flat Stainless Steel Products.

Current edition approved July 15, 1992. Published September 1992. Originaily
publisheduA666—72.LzsweviouseditionA666-9l.

2 Annuai Book of ASTM Standards, Vol 01.03.

3 Annual Book of ASTM Standards. Vol 01.05.

Questions? Contact FDA/CDRH/OCE/[}\IXQDRH-FOIéﬁTUS@fda.hhs.gov or 301-796-8118

3.1.10 Specimen preparation,

3.1.11 Retreatment,

3.1.12 Inspection,

3.1.13 Rejection and rehearing,

311

3.1.15 Certification, and

3.1.16 Packaging, marking, and loading.
4. Chemical Composition

4.1 The steel shall conform to the requirements as 10
chemical composition specified in Table 1, and shall con-
form to applicable requirements specified in the current
edition of Specification A 480/A 480M.

§. Mechanical Properties

5.1 The material shall conform to the mechanifal proper-
ties specified in Tables 2 and 3, or Table 4.

6. Sampling

6.1 Tension and bend-test specimens of sheet, strip, and
platcproductsshallbeselectedfromﬁnishedmaterialand
shall be selected in the transverse direction, except in the case
of strip under 9 in. (229 mm) in width, in which case tension
test specimens shall be selected in the longitudinal direction.

6.2 Flat bar tension and bend-test specimens shall be
selected from the finished material and shall be in the
longitudinal direction.

6.3 Corrosion samples, if required, shall be taken from

material after final annealing and descaling and prior to cold
working.

7. Number of Tests

7.1 For flat bar products at least one tension test and one
bend test shall be made on each size from each heat in a lot

annealed in a single charge or under the same conditions in a
continuous furnace.

8. Test Methods

8.1 Tension Test:

8.1.1 The yield strength shall be determined by the offset
method as described in Test Methods and Definitions A 370.
An alternative method of determining field strength may be
used based on the following total extension under load:

Yield Strength, min. psi Total Extension under Load in 2 in.

Gage Length, incl.
45 000 0.0071
75 000 0.0098
110 000 0.0125
135 000 0.0144

140 000 0.0148
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8.1.2 The requirement of this specification for yield
strength will be considered as having been fulfilled if the
extension under load for the specified yield strength does not
exceed the specified values. The values obtained in this
manner should not, however, be taken as the actual yield
strcngth for 0.2 %. In case of dispute, the offset method of

8.2.1 Bend-tst specimens shall withstand cold bending
without cracking when subjected to either the free-bend
method or the controlled-bend (V-block) method at the

condition specified by Tables 3 or 4, respectively. The choice
of test method for materials in conditions other than
annealed shall be at the option of the seller.

8.2.2 Free-bend test specimens shall be bent cold, either
by pressure or by blows. However, in the case of dispute, tests
shall be made by pressure.

8.2.3 Controiled-bend (V-block) test specimens shall be
bent cold by means of V-blocks or a mating punch and die
having an included angle of 45° and with proper curvature of
surfaceatthebendamsto:mpanthedwmdshapeand
diameter of bend to the specimen.

TABLE 1 Chemical Composition Requirements*

Composition, %
Type M- ation Cardon, Manganese, Prmumn suu' Silicon, Other
max or range max or range max Clwomim Nicke! Elements
201 $20100 0.15 5.50-7.50 0.080 0.030 0.75 16.00-18.00 3.50-5.50 N 0.25 max
202 S20200 0.15 7.50-10.00 0.080 0.030 075 17.00-19.00 4.00-8.00 N 0.25 max
e S20400 0.03 7.00-9.00 0.040 0.030 1.00 15.00-17.00 1.50-3.00 N 0.15—0.30
205 S20500 0.12-0.25 14.00-15.00 0.060 0.030 0.75 16.50-18.00 1.00~-1.75 N 0.32-0.40
301 $30100 0.15 2.00 0.045 0.030 0.75 16.00-18.00 6.00-8.00 N 0.10 max
302 $30200 0.15 2.00 0.045 0.030 0.75 17.00-19.00 8.00-10.00
304 S30400 0.08 2001 0.045 0.030 0.75 18.00-20.00 8.00-10.50 N 0.10 max
304L S30403 0.030 2.00 0.045 0.030 075 18.00-20.00 8.00-12.00 N 0.10 max
304N S30451 0.08 2.00 0.045 0.030 0.75 18.00-20.00 8.00-10.50 N 0.10-0.16
304LN S30453 0.030 2.00 0.045 0.030 0.75 18.00-20.00 8.00-10.50 N 0.10-0.15
318 $31600 0.08 2.00 0.045 0.030 075 16.00-18.00  10.00-14.00 Mo 2.00-3.00
316L S$31603 0.030 2.00 0.045 0.030 0.75 16.00-18.00  10.00-14.00 Mo 2.00-3.00
316N S§31851 0.08 2.00 0.045 0.030 0.75 16.00-18.00  10.00-14.00 Mo 2.00-3.00
N 0.10-0.16
XM-11 S21904 0.04 8.00-10.00 0.060 0.030 0.75 19.00-21.50 5.50-7.50 N 0.15-0.40
XM-14 S21460 0.12 14.00-16.00 0.060 0.030 0.75 17.00-19.00 5.00-8.00 N 0.35-0.50

4 Types XM-10 and XM-18, which appeared in Specification A 412, 0o not appeer as XM-10 is no longer produced and XM-19 is coverad in Specification A 240.

~
i

Questions? Contact FDA/CIZ\*&%S%
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TABLE 2 Tensile Property Requirements 4

Annesied
UNS Tensile Strength, min Yield Strength, min Elongation in Hardness, max
Type 2 in. or 50 mm,
Designation psi MPa psi MPa min, % Brinet Rockwel B
201-18 $20100 95 000 855 38 000 260 40 217 95
Class 1
201-2 $S20100 95 000 655 45 000 310 40 255 100
Ciass 2
202 $20200 90 000 620 38 000 260 40
S§20400 95 000 855 48 000 330 35 255 100
205 S20500 115 000 790 65 000 450 40 255 100
301 $30100 90 000 620 30 000 205 40 217 95
302 $30200 75 000 515 30 000 205 40 201 92
304 $30400 75 000 515 30 000 205 40 201 92
304L S30403 70 000 485 25 000 170 40 183 88
304N S30451 80 000 550 35 000 240 40 217 95
304LN S30453 80 000 550 35 000 240 40 217 95
316 $31800 75 000 515 30 000 205 40 217 95
316L S31603 70 000 485 25 000 170 40 217 95
316N $31651 80 000 5§50 35 000 240 40 217 g5
XM-11 S21904
Shest, 100 000 690 80 000 415 40
Strip
Pate 90 000 620 . 50 000 345 45
XM-14 S21460 105 000 725 55 000 380 40
16 Hord €
NS Tensie Strength, min Yieid Strength, min WhZh.orSOm.nh.x
Type N . 20015
Designation psi MPa psi MPsa <0.015in. <0.030 In. >0.030 in.
201 $20100 PSSP 95 000 855 45 000 3o 40 40 40
FBf 75 000 515 40 000 275 40
205 S20500 115 000 790 65 000 450 40 40 40
301 S30100 90 000 620 45 000 310 40 40 40
302 S$30200 PSS 85 000 585 45 000 310 40 40 40
F8 90 000 620 45 000 310 40
304 S30400 PSS 80 000 550 45 000 310 35 35 3
FB 90 000 620 45 000 310 e . 40
304L S$30403 80 000 550 45 000 310 40 40 40
304N S30451 90 000 620 45 000 310 40 40 40
304LN $30453 90 000 620 45 000 310 40 40 40
316 $31600 PSS 85 000 585 45 000 310 35 35 35
FB 90 000 620 45 000 310 40
316L S31603 85 000 585 45 000 310 35 35 35
316N $31651 90 000 620 45 000 310 35 35 35
4 Harg €
UNS Tensie Strength, min Yield Strength, min Elongation in 2 in. or 50 mm, min. %
Type b . 20.015 to .
Designation psi MPa psi MPa <0.015 in. =0.030 in. >0.030 in.
201 S20100 100 000 690 55 000 380 45 45 45
205 S20500 115 000 790 65 000 450 40 40 40
301 $30100 100 000 €90 55 000 380 40 40 40
302 $30200 100 000 690 55 000 380 35 35 35
304 S30400 100 000 690 55 000 380 35 35 35
304L S30403 100 000 690 55 000 380 30 30 30
304N S30451 100 000 690 55 000 380 37 37 37
304LN S30453 100 000 690 55 000 380 a3 3 33
316 $31600 100 000 690 55 000 380 30 30 30
316L 531603 100 000 690 55 000 380 25 25 25
316N S31651 100 000 690 55 000 380 32 32 32

Questions? Contact FDA/C IQ /OCE -
; /DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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TABLE 2 Continuved
Va Hard
NS Tenslle Strength, min Yield Strength, min Eumnznorsom.ms
T y
ype Designation pei MPa pei MPa <0.015 in. bry e >0.030 in,
201 $20100 125 000 860 75 000 515 25 25 25
202 S$20200 125 000 880 75 000 515 12 12
S20400 140 000 965 100 000 960 20 20 20
205 S$20500 125 000 860 75 000 515 45 45 45
301 S30100 125 000 860 75 000 515 25 25 25
302 §30200 125 000 880 75 000 515 10 10 12
304 $30400 125 000 860 75 000 515 10 10 12
304L $30403 125 000 860 75 000 515 8 8 10
304N S30451 125 000 860 75 000 515 12 12 12
304LN $30453 125 000 8680 75 000 515 10 10 12
316 $316800 125 000 860 75 000 515 10 10 10
316L $31603 125 000 860 75 000 515 8 8 8
316N S31651 125 000 8680 75 000 515 12 12 12
XM-11 S21904 130 000 895 115 000 795 15 15
Y Hard
NS Tensile Strength, min Yield Strength, min annzh.asom.ms
T ;
ype Designation psi MPa psi Mpa <0.015 in, ;?'g;g:’ >0.030 in,
201 S20100 150 000 1035 110 000 760 15 18 18
205 520500 150 000 1035 110 000 760 15 18 18
301 $30100 150 000 1035 110 000 760 15 18 18
302 S$30200 150 000 1035 110 000 760 9 10 10
304 S30400 150 000 103% 110 000 760 [ 7 7
304L S30403 150 000 1035 110 000 760 5 [ 8
304N 530451 150 000 1035 110 000 760 6 8 8
304LN S30453 150 000 1035 110 000 760 [] 7 7
316 S31600 150 000 1035 110 000 760 6 7 7
316l $31603 150 000 1035 110 000 780 5 8 6
316N S$316851 150 000 1035 110 000 760 6 8 8
¥, Hard
NS Tensile Strength, min Yield Strength, min mhzh.uwm.ms
T
ype Designation pei MPa pei MPa <0.015 in, st >0.030 in,
201 $20100 175 000 1205 135 000 930 10 12 12
205 S$20500 175 000 1205 135 000 930 15 15 15
301 $30100 175 000 1205 135 000 930 10 12 12
302 S30200 175 000 1205 135 000 930 5 8 6
K Full Hard
NS Tensie Strength, min Ylddsmm.mh Ek'lthh.or.’:Om.mz
T ;
ype Designation psi MPa psi MPa <0.015 in. 20015 1o >0.030 in.
50.030 in.
201 S20100 185 000 1275 140 000 965 8 9 9
205 S20500 185 000 1275 140 000 965 10 10 10
301 $30100 185 000 1275 140 000 965 8 9 9
302 S30200 185 000 1275 140 000 965 3 4 4
ATMspwﬁawnmnhmnm‘ awmdounmiwyamge.Mmmm mmmmmmm
mammwmummm fmhﬂmmm The

® Type 201 bmmmawmbd-uoforrid\sldeﬁypezo1-1)ubmsidsrrypozo1-2)ummmwdmﬁngon"'
4 . icats

U]
I

= (@ B g = = 8
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TABLE 3 Free Bend Requirements
Anneaied and Yee and Y4 Hard
Thickness <0.050 in. Thickness >0.050 to <0.1874 in.
Type UNS Designation
Included Bend Angle,* Bend Factor Inciuded Bend Angie,® Bend Factor
201 S20100 180 1 180 1
202 $20200 180 1 180 1
S20400 180 1 180 1
205 S20500 180 1 180 1
i 301 S30100 180 1 180 1
| 302 $30200 180 1 180 1
304 S30400 180 1 180 1
304L $30403 180 1 180 2
304N $30451 180 1 180 1
| 304LN S30453 180 1 180 2
318 S316800 180 1 180 2
‘ 316L $31603 180 1 180 2
i 316N S31851 180 1 180 1
XM-11 $21904 180 1 180 1
XM-14 S21480 180 1 180 2
s Hard
|
Thickness <0.050 in Thickness >0.050 to <0.1874 in.
Type UNS Designation
included Bend Angle,* Bend Factor inciuded Bend Angle, Bend Factor
201 S20100 180 1 90 2
202 $20200 180 2 90 2
.. S20400 180 1 90 2
205 S20500 180 1 90 2
301 $30100 180 1 90 2
302 S30200 180 1 90 2
304 S30400 180 1 90 2
304L S30403 180 2 90 3
304N S30451 180 1 90 2
304LN S30453 180 2 90 3
318 - S31600 180 2 90 2
316L $31603 180 2 90 3
316N S$31651 180 1 90 2
XM-11 S21904 90 2 90 2
4 Hard
Thickness <0.050 in. Thickness >0.050 to <0.1874 in,
Type UNS Designation
included Bend Angle,® Bend Factor inciuded Bend Angle.® Bend Factor
201 $20100 180 2 20 2
205 S20500 180 2 90 2
301 $S30100 180 2 90 2
302 S$30200 180 2 90 2
304 S30400 180 2 90 2
3041 S30403 180 3 90 3
304N S30451 1 2 90 2
304LN $30453 1 3 90 3
316 $31600 180 3 90 3
316L S31603 180 3 90 3
- 316N S31651 180 2 90 2
Ys Hard
Thickness =<0.050 in. >0.050 to <0.1874 in.
Type NS . Thickness
7 Included Bbnd Angle, Bend Factor Included Bend Angle.* Bend Factor
201 $20100 180 3 90 3
205 180 3 90 3
301 $30100 180 3 90 3
302 S30200 180 4 90 5
Full Hard
Thickness <0.050 in. Thickness >0.050 to <0.1874 in.
Type UNS Designation
Included Bend Angle,® Bend Factor Inciuded Bend Angle,® Bend Factor
201 S20100 180 4 90 5
205 S20500 180 4 20 5
301 S30100 180 4 : 90 5
302 S30200 180 6 90 8
Questions? Contact kD DRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
J‘: . Ay
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TABLE 4. V-Block Bend Requirements

Annealed and e Hard
T s ) ) Thickness <0.050 in. Thickness >0.050 to <0.1874 in.
ype WN : Inciuded Bend Angle,® Bend Factor Included Bend Angie,® Bend Factor
201 S20100 135 2 135 3
202 $20200 135 4 135 4
205 135 2 135 3
301 S30100 135 2 135 3
302 $30200 135 2 135 3
304 S30400 135 2 135 3
304L S$30403 135 5 135 (]
304N S30451 135 3 135 4
304LN S30453 135 4 135 5
318 $31600 135 5 135 6
316L S31603 135 6 135 7
316N S31651 135 5 135 6
/s Hard
T NS . Thickness <0.050 in. Thickness >0.050 to <0.1874 in.
ype Designation - 0 E 0 F
201 $20100 135 2 135 3
205 S20500 135 2 135 3
301 $30100 135 2 135 3
302 S30200 135 2 135 3
304 S30400 135 2 135 3
304L S30403 135 5 135 6
304N S30451 135 3 135 4
304LN S30453 135 4 135 5
316 S31600 135 5 135 6
316L $31603 13§ 6 135 7
316N $31651 135 5 135 6
2 Hard
T UNS Designat Thickness <0.050 in. Thickness >0.050 to <0.1874 in.
ype g Included Bend Angle,’ Bend Factor Included Bend Angle,* Bend Factor
201 S20100 135 4 135 4
205 $20500 135 4 135 4
301 $30100 135 4 135 4
302 $30200 135 4 135 4
304 $30400 135 4 135 4
304L S30403 135 7 135 8
304N S30451 135 5 135 8
304LN S30453 135 8 135 7
316 $31600 135 7 135 8
316L $31603 135 8 135 9
316N S31851 135 7 135 8
Ys Hard
T UNS Designat Thickness <0.050 in. Thickness >0.050 to <0.1874 in.
ype Inciuded Bend Angle,® Bend Factor Included Bend Angle,® Bend Factor
201 S20100 $35 6 135 7
205 S$20500 135 -] 135 7
301 S30100 '. 135 ] 135 7
302 $30200 135 8 135 9
Full Hard
T NS . Thickness <0.050 in. Thickness >0.050 to <0.1874 in.
ype ? inciuded Bend Angle,” Bend Factor Inciuried Bend Angle, Bend Factor
201 §20100 135 (] 135 8
205 $20500- 135 8 135 8
301 $30100 135 6 135 8
302 $30200 135 8 135 10

TheAmen‘emSOduyforTesﬂngmdMatm‘alsraknmposMrummevMyofmypaemﬂQMsmmedincmmm
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the vaiidity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

ThisstmdﬂdissubhatomislonulnytimsbyrmwmtmmmmmmmemMmd
if not revised, sither reapproved or withdrawn. erowmmimmmumdmb:mmmummmm
and shouid be addressed to ASTM Heedquarters. Your comments will receive careful consideration at a meeting of the responsibie
technical commitiee, which you may attend. I!ywiedmuyarcommhmnareooivodumrhumgywshwldmakoyw
views known to the ASTM Committes on Standaras, 1916 Race St., Philadeiphia, PA 19103.
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qﬂm Designation: A 269 - 92

Standard Specification for

General Service'

oniginal adoption or. in the

This standard has been approved

1. Scope

1.1 This specification covers grades of nominal-
wall-thickness. stainless steel tubing for general corrosion-

resisting and low- or high-temperature service. as designated
in Table 1.

{.2 The tubing sizes and thicknesses usually furnished to
this specification are Ya in. (6.4 mm} in inside diameter and

larger and 0.020 in. (0.51 mm) in nominal wall-thickness
and heavier.

1.3 Mechanical property requirements do not apply to
tubing smaller than Vs in. (3.2 mm) in inside diameter or
0.015 in. (0.38 mm) in thickness.

NOTE |—When the impact test crterion for a low-temperature
service would be 5 fi-Ibf (20 J) energy absorption or 15 mils laterai
expansion. some of the austenitic stainless steel grades covered by this
specification are accepted by certain pressure vessel or piping codes
without the necessity of making the actual test. For example. Grades
104. 304L. and 347 are accepted by the ASME Pressure Vessel Code.
Section VIII Division 1. and by ANSI B31.3. for service at temperatures
as low as —425°F (—254°C) without qualification by impact tests. Other
AISI stainless steel grades are usually accepted for service temperatures
as low as —335°F (—198°C) without impact testing. Impact testing may.
under certain circumstances. be required. For exampie. materials with
chromium or nickel content outside the AISI ranges. and tor matenal
with carbon content exceeding 0.10 . are required 1o be impact tested
under the rules of ASME Section VIII Division # when services
temperatures are lower than —30°F ( —36°C).

1.4 Optional supplementary requirements are provided
and. when one or more of these are desired. each shall be so
stated in the order.

1.5 The values stated in inch-pound uhits are to be
regarded as the standard.

2. Referenced Documents

2.1 ASTM Standards:

A 262 Practices for Detecting Susceptibility to Intergran-
ular Attack in Austenitic Stainless Steels

A 370 Test Methods and Detinitions for Mechanical
Testing of Steel Products=

* This specification 1s under the junisdiction of ASTM Committee A-1 un Steel.
Stainless Steel. and Related Alioyvs and is the direct responsibility of Subcommuttee
AUT.10 on Tubing.

Current edition approved July 1. 1992, Published September {992, Onanaiiv
pubiished as A 269 - 43 T. Last previous ediion A 269 - Yo,
2 gnnuar Boox of ASTM Standards. Vol 01.03.

‘dnnuut Boox ;}I S'T.\( Swyn,
uestions”? Con
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Seamless and Welded Austenitic Stainless Steel Tubing for

This standard is issued under the fixed designation A 269: the number immediately following the designation indicates the year of

case of revision. the vear of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

for use by agencies of the Department of Defense. Consult the DoD Index of Spectfications and
Standards for the specific year of issue which has been adopted by the Department of Defense.

A 450/A 450M Specification for General Requirements
for Carbon. Ferritic Alloy, and Austenitic Alloy Steel
Tubes?

A 480/A 480M Specification for General Requirements
for Flat-Rolled Stainless and Heat-Resisting Steel Plate.
Sheet. and Strip®

A 632 Specification for Seamless and Welded Austenitic

Stainless Steel Tubing (Smali-Diameter) for General
Service?

2.2 ANSI Standard:

B31.3 Chemical Plant and Petroleum Refinery Piping*
2.3 ASME Pressure Vessel Code:

Section VIII Division 1. Pressure Vessels®

3. General Requirements

3.1 Material furnished under this specification shall con-
form to the applicable requirements of the current edition of

Specification A 450/A 450M. unless otherwise provided
herein.

4. Ordering Information

4.1 Orders for material under this specification should
include the tollowing, as required. to describe the destred
material adequately:

4.1.1 Quantity (teet. metres. or number of lengths).

2 Name of material (seamliess or weided tubes).
Grade (Table 1).

Size (outside diameter and nominal wall thickness).
Length (specific or random).

Optional requirements (10.6 and Section 12).

Test report required (see Section on Inspection of
Specification A 450/A 450M),

4.1.8 Specification designation. and

4.1.9 Special requirements and any supplementary re-
quirements selected.

4.1.2
4.1.3
4.1.4
4.1.5
4.1.6
4.1.7

5. Manufacture

3.1 The tubes shall be made by the seamless or welded
process.

5.2 At the manufacturer's option. tubing may be fur-
nished either hot finished or cold finished.

+ Available from Amencan National Standards Insutute. |1 West 42nd St
13th Floor. New York. NY 10036.

< avalable Irom Amencan Societv of Mechanical Engineers. 345 E. 47th St
New York, NY 10017,

. Vol O] .
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6. Heat Treatment

6.1 All material shall be furnished in the heat-treated
condition. Except as provided in 6.2, the heat-treatment
procedure shall, except for 31254 (see 6.3 and S24565 (See
6.4)), consist of heating the material to a minimum temper-
ature of 1900°F (1040°C) and quenching in water or rapidly
cooling by other means.

6.2 Controlled structural or special service characteristics
shall be specified as a guide for the most suitable heat
treatment. If the final heat treatment is at a temperature
under 1900°F and is so specified on the order, each tube shall
be stenciled with the final heat treatment temperature in
degrees Fahrenheit after the suffix “HT.”

6.3 S31254 shall be heat-treated to a minimum tempera-
ture of 2100°F (1150°C) followed by quenching in water or
rapidly cooling by other means.

6.4 S24565 shall be heat-treated in the range 2050°F
(1120°C) to 2140°F (1170°C) followed by quenching in water
or rapidly cooling by other means.

6.5 A solution annealing temperature above [950°F
(1065°C) mav impair the resistance to intergranular corro-
sion after subsequent exposure to sensitizing conditions in
TP321. TP347. and TP348. When specified by the pur-
chaser. a lower temperature stabilization or re-solution
anneal shall be used subsequent to the initial high tempera-
ture solution anneal (see Supplementary Requirement S3).

7. Chemical Composition

7.1 The steel shall conform to the requirements as to
chemical composition as prescribed in Table 1.

8. Product Analysis

8.1 An analvsis of either one billet or one length of
flat-roiled stock or one tube shall be made from each heat.
The chemical composition thus determined shall conform to
the requirements specified.

8.2 A product analvsis tolerance of Table Al.l in Specifi-
cation A 480/A 480M shall apply. The prbduct analvsis
tolerance is not applicable to the carbon content for material
with a specified maximum carbon of .04 % or less.

8.3 If the originai test for product analysis fails. retests of
two additional billets. lengths of flat-rolled stock. or tubes
shall be made. Both retests for the elements jn question shail
meet the requirements of the specification: otherwise all
remaining material in the heat or lot shall be rejected or. at
the option of the producer. each billet. length of flat-rolled
stock. or tube mav be individually tested for acceptance.
Billets. lengths of flat-rolled stock. or tubes which do not
meet the requirements of the specification shall be rejected.

9. Mechanical Tests Required

9.1 Flaring Test (Seamless Tubes)—One test shall be
made on specimens from one end ot one tube from each lot
{Note 2) of finished tubes.

NoTE 1—The term lot applies to all tubes prior to cutung to length of
the same nominal size and wall thickness which are produced trom the
same heat of steel. When final heat treatment is in a batch-tvpe turnace.
a heat-treatment iot shall include only those tubes of the same size and
from the same heat which are heat treated in the same {urnace charge.
When the fingj heat treatment is in a conunuous furnace. the number of

v
(o
HAY
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TABLE 2 Number of Tubes in a Lot Heat Treated by the
Continuous Process

Size of Tube

2 in. and over in outside diameter and 0.200 in.
(5.08 mm) and over in wall thickness

Size of Lot

not more than 50

tubes
Less than 2 in. but over 1 in. in outside diameter not more than 75
or over 1 in. in outside diameter and under tubes

0.200 in. (5.08 mm) in wall thickness

1 in. or less in outside diameter not more than 125

tubes

tubes of the same size and from the same heat in a heat-treatment lot
shall be determined from the size of the tubes as prescribed in Table 2.

9.2 Flange Test (Welded Tubes)—One test shall be made
on specimens from one end of one tube from each lot (Note
2) of finished tubes.

9.3 Hardness Test—Brinell or Rockwell hardness deter-
mination shall be made on specimens from two tubes from
each lot. The term /ot applies to all tubes prior to cutting, ot
the same nominal diameter and wall thickness that are
produced from the same heat of steel. When final heat
treatment is in a batch-tvpe furnace. a lot shall include onh
those tubes of the same size and the same heat which are heat
treated in the same furnace charge. When the final heat
treatment is in a continuous furnace. a iot shall inciude all
tubes of the same size and heat. heat treated in the same
furnace at the same temperature, time at heat. and furnace
speed.

9.4 When more than one heat is involved, the flaring.
flanging, and hardness test requirements shall apply to each
heat.

9.5 Reverse Flattening Test—For welded tubes. one re-
verse flattening test shall be made on a specimen from each
{500 ft (460 m) of finished tubing. Coiled tubing greater thar
1500 ft (450 m) in length shall be sampled at both ends. A
coil must be continuous without any circumferential but:
welds.

9.6 Hvydrostatic or Nondestructive Electric Test—Eact
tube. seamless or welded. shall be subjected to the
Nondestructive Electric Test or the Hvdrostatic Test. Unless
specified by the purchaser. either test mav be used at the
option of the producer.

10. Hardness Requirements

10.1 Grade TPXM-29 and S245635 tubes shall have ¢
hardness number not exceeding 236 HB/270 HV or 10(
HRB. Grades TPXM-10. TPXM-11. and TPXM-19 tubes
shail have a hardness number not exceeding 269 HB/285 HV
or 25 HRC. S31254 shall have a hardness number not
exceeding 220 HB/230 HV or 96 HRB. Tubes made from al.
other grades shall have a hardness number not exceeding 192
HB/200 HV or 90 HRB.

10.2 For tubing less than 0.063 in. (1.65 mm) in wal
thickness. it is permissible to use the Rockwell superticia:
hardness test or the Vickers hardness test. When the Vickers
test is used. the values of 11.1 will applv. The supertficiai
hardness number for Grade TPXM-29 tubes shall not exceea
80 on the 30 T scale or 92 on the 15 T scale. The hardness
number for Grades TPXM-10. TPXM-11. and TPXM-19
tubes shall not exceed 46 on the 30 Nscale or 73 on the 15 N\
scale. The hardness number for S31234 shail not exceed 79
on the 30 T scale or 91 on the 13 T scale. Tubes made trom

Questions? Contact FDA/CDRH/OCE%D/[ qti‘CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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o TABLE 3 Permissible Variations in Dimensions

- Permissible Variations n Cut

u oo Permissible Variations in cm‘".“ m".ss‘“"s 0 Length,

’“é-oup Size. Outside Diameter. in. Outside Diameter, wat in. (mm)8 Thin Walled Tubes®

- (mm) Thickness.* % Qver Under

1 Up to 2 +0.005 (0.13) *15 2 (3.2) 0 ..
2 2 to 1'/2, excl +0.005 (0.13) +10 (3.2) 0 less than 0.065 in. (1.65 mm) nominal
3 1'% to 32, exd +0.010 (0.25) +10 Y16 (4.8) 0 less than 0.095 in. (2.41 mm) nominal
4 32 to 5'%, excl +0.015 (0.38) *=10 Y16 (4.8) 0 less than 0.150 in. (3.81 mm) nommal
5 512 to 8, excl +0.030 (0.76) +£10 ¢ (4.8) 0 less than 0.150 in. (3.81 mm) nominal

—"Whentubesasorderedtequewaﬂmidmesses%h.us.Omm)orovef.amhsidediametefsoxubssdmwtsidediametef,awmuvmﬁonnwaﬂmm
is required. On such sizes a variation in wall thickness of 12.5 % over or under will be permitted.

For tubes less than vz in. (12.7 mm)minsidedameterwhid\eannotbesmoessiuﬂydrawnoveramandel. the wail thickness may vary +15 % from that specified.

# These tolerances apply to cut lengths up to and including 24 ft (7.3 m). For lengths over 24 ft an additional over tolerance of Va in. (3.2 mm) for each 10#(3.0me
fraction thereof shall be permissible, up to a maximum tolerance of Y2 in. (12.7 mm).

€ Ovality provisions of 11.2 apply.

all other grades shall not exceed 74 on the 30 T scale or 88
on the 15 T scale.

" 10.3 The hardness test shall not be required on tubes
smaller than s in. (6.4 mm) in inside diameter or tubes
having a wall thickness thinner than 0.020 in. (0.51 mm) (see
$8.4 of Methods and Definitions A 370). Smailer or thinner
tubes should be tension tested only. in accordance with
Specification A 632.

the permissible variation in outside diameter given in Tabk
3 however. the mean diameter at that cross section must stil
be within the given permissible variation.

12. Surface Condition

12.1 The tubes shall be pickled free of scale. When bngh
annealing is used. pickling is not necessary.

13. Product Marking

13.1 In addition to the marking prescribed in Specificz
tion A 450/A 450M. the marking shall include whether th
tubing is seamless or welded and the final heat-treatmer
temperature in degrees Fahrenheit after the suffix “HT™
the final heat treatment temperature is under 1900°
(1040°C).

13.2 When the Nondestructive Electric Test is performec
cach length of tubing shall be marked with the lettes
“NDE.” and the certification. when required. shall als
indicate this test.

11. Permissible Variations in Dimensions

“11.1 Varations in outside diameter. wall thickness. and
length, from those specified. shail not exceed the amounts
prescribed in Table 3.

11.2 The permissible variations in outside diameter given
in Table 3 are not sufficient to provide for ovality in
thin-walled tubes. as defined in the Table. In such tubes. the
maximum and minimum diameters at any cross section shall
deviate from the nominal diameter by no more than twice

SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall apply only when specified by the purchaser in the inquiry.
contract. or order. '

S1. Stress-Relieved Anneaied Tubes
S1.1 For use in certain corrosives. particularly chlorides

pneumatic couplings shall be corrected prior to testin
Inspection shall be made of the entire external surface of tt

where stress corrosion may occur. tubes in Grades TP304L.
TP316L. TP321. TP347. and TP348 may be specified in the
stress-relieved-annealed condition.

S1.2 When stress-relieved tubes are specified. tubes shail
be given a heat treatment at 1550 to 1650°F (845 to 900°C)
after roll straightening. Cooling from this temperature range
may be either in air or by slow cooling. No mechanical
straightening is permitted after the stress-relief treatment.

S1.3 Straightness of the tubes and additional details of this
supplementary requirement shall be agreed upon between
the manufacturer and purchaser.

S2. Air Underwater Pressure Test

§2.1 Each tube. with internal surface clean and dry. shall
be internally pressurized to 150 psi (1034 kPa) minimum
with clean and dry compressed air while being submerged in
clear water. The tube shall be weil lighted. preferably by

underwater illumination. Anv evidence of air leakage ot the
Questions? Contact FDA/CDRH/OCE

tube atter holding the pressure for not less than 3 s after
surface of the water has become caim. If any tube sho
leakage during the air underwater test. it shall be rejecte
Any leaking areas mayv be cut out and the tube retested.

S3. Stabilizing Heat Treatment

S3.1 Subsequent to the solution anneal required in Se
tion 6. Grades TP321. TP347. and TP348 shail be given
stabilization heat treatment at a temperature lower than th
used for the initial solution annealing heat treatment. T
temperature of stabilization heat treatment shall be at
temperature as agreed upon between the purchaser a:
vendor.

S4. Intergranular Corrosion Test

S4.1 When specified. material shall pass intergranui
corrosion tests conducted by the manufacturer in accordan
with Practices A 262. Practice E.

t CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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NoTE 3—Practice E requires testing on the sensitized condition for
low carbon or stabilized grades. and on the as-shipped condition for
other grades.

S4.2 A stabilization heat treatment in accordance with
Supplementary Requirement S3 may be necessary and is
permitted in order to meet this requirement for the grades
containing titanium or columbium.

The American Society for Testing and Materiais takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or witharawn. Your comments are invited either for revision of this standard or for additional standards
and shouid be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committes, which you may attend. f you feel that your comments have not received a fair hearing you shouid make your
views known to the ASTM Committee on Standards, 1916 Race St.. Philadeiphia, PA 19103.

|
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