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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
ical standardization.

electrotechn
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assessment,
Barriers to T
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This second
revised. It al

4. ISO shall not be held responsible for identifying any or all such patentirights. Det
ights identified during the development of the document will be in the Introduction and/or

rawn to the possibility that some of the elements of this document may be the subj

t of patent declarations received (see www.iso.org/patents).

me used in this document is information given for the conveniéence of users and do
endorsement.

rade (TBT) see the following URL: Foreword - Supplementary information.

catheters.

edition cancels and replaces the firstedition (ISO 9626:1991), which has been techn
50 incorporates the Amendment 1S0.9626:1991/Amd 1:2001.

of specifications for stdinless steel needle tubing for metric sizes 0,18 mm, 0,2

ecting, particularly-for’infants and in paediatric use;
of wall thicknessidesignations beyond regular-walled and thin-walled tubing;
of minimuminner diameters for additional items where possible;

of the means of specifying the steels to be used;

The main ch
a) addition

0,23 mnj

when inj
b) addition
c) addition
d) revision
e) revision

of the table of tubing dimensions and stiffness parameters.

hinges to the previous edition,of ISO 9626 introduced by this revision are the following:

e are
br the
ith the

ect of
hils of

S not

ination on the meaning of ISO specific terms and <expressions related to conformity
as well as information about ISO’s adherence to the WTO principles in the Technical

fee responsible for this document is ISO/TE~84, Devices for administration of medicinal

ically

mm

and 0,25 mm and to_reflect the introduction of thinner tubing to allow greater comfort

Annex A, Annex B, Annex C, Annex D and Annex E form an integral part of this International Standard.
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Introduction

Guidance on transition periods for implementing the requirements of this International Standard is
given in [SO/TR 19244.

© ISO 2016 - All rights reserved v


https://standardsiso.com/api/?name=d2b51f16f4961dbd49885b68bf0b3ef7



https://standardsiso.com/api/?name=d2b51f16f4961dbd49885b68bf0b3ef7

INTERNATIONAL STANDARD IS0 9626:2016(E)

Stainless steel needle tubing for the manufacture of
medical devices — Requirements and test methods

1 Scope

This International Standard provides requirements and test methods for the tubesamanuyfactured for
needles as component used in medical devices. Additional performance testing on thetube aspect may
be required when the component is incorporated in the ready-to-use device.

This [nternational Standard specifies the dimensions and mechanical préperties of stgel tubing of
desighated metric sizes 3,4 mm (10 Gauge) to 0,18 mm (34 Gauge).

It dods not apply to flexible stainless steel tubing because the mechanical properties diffg¢r from those
specified for rigid tubing in this International Standard. Howeyer; manufacturers and purchasers
of flekxible tubing are encouraged to adopt the dimensional specifications given in this |nternational
Standard.

2 Normative references

The fpllowing documents, in whole or in part, are’hormatively referenced in this docurhent and are
indispensable for its application. For dated references, only the edition cited applies. |[For undated
refergnces, the latest edition of the referenced document (including any amendments) applies.

ISO 3696, Water for analytical laboratoryuse — Specification and test methods

ISO 15510, Stainless steels — Chemical composition

3 Terms and definitions

For the purposes of this.\document, the following terms and definitions apply.

31
designated metric size
outer|diametet designation of the tubing as defined in Table 1

Note 1 to.éntry: It is expressed in millimetres.

3.2
gauge
legacy size designation

Note 1 to entry: A particular gauge size corresponds to a designated metric size defining limits for outer
diameters.

3.3
wall thickness
material thickness between the inner and outer diameter of the tube

Note 1 to entry: It is expressed as RW=Regular Wall, TW=Thin Wall, ETW= Extra Thin Wall, and UTW=Ultra Thin
Wall as designated in Table 1.

© IS0 2016 - All rights reserved 1


https://standardsiso.com/api/?name=d2b51f16f4961dbd49885b68bf0b3ef7

IS0 9626:2

016(E)

4 Materials

Tubing shall be made of stainless steels listed in ISO 15510. The chosen materials shall be in accordance
with the requirements indicated in this International Standard. Selection of specific stainless steel
material shall be made in consideration with the intended use, e.g. long-term contact with drugs and
should consider biocompatibility requirements.

NOTE

5 Requir

5.1 Gener

For the seled
applied.

5.2 Surfagq

When exami
free from de

Surface finis
cases, the me

When examined by normal or corrected vision, the needle tube shall appear straight and of rg

roundness.

5.3 C(Clean]

When exami
and processi

Cleanliness g
cases, the me

5.4 Limits

When detery
an extract p

5.5 Sized

Tubing size

designated npetric size), corresponding gauge size (e.g. G31 or 31G), and by wall thickness.

EXAMPLE

Suitable biocompatibility requirements can be found in ISO 10993-1.

ements

al

tion of tubing for a specific application and intended use, a risk based approach sh

re finish and visual appearance

ed by normal or corrected vision, the outside surface of the téibing shall be smoot]
fects.

h specifications may be different based on the final function of the medical device; ix

liness

hed by normal or corrected vision, the surfaces of the tubing shall be free from met
g agents.

pecifications may be different based on the final function of the medical device; in
dical device manufacturershould prepare specific specifications for cleanliness.

for acidity and alkalinity

epared in aceordance with Annex A shall be within one pH unit of that of the control

esignation

shdll, be designated by the nominal outer diameter, expressed in millimetres (i.

dical device manufacturer should prepare specific spécifications for surface finishing.

all be

h and

1 such

gular

h] soil

such

hined with a labenatory pH meter and using a general purpose electrode, the pH vallue of

fluid.

b, the

0,25 mm (31G) ETW.

5.6 Dimensions

The dimensions of tubing shall be as given in Table 1.
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Table 1 — Dimensions of tubing

IS0 9626:2016(E)

Designated metric
gnat ODwmiIN ODmax IDmIN
size Gauge Wall
mm mm mm
mm
RW 0,064
0,18 34 0,178 0,191 T™W 0,091
ETW 0,105
RW 0,089
0,20 33 0,203 0,216 TW 0,105
ETW 012
RW 0,089
T™W 0,106
0,23 32 0,229 0,241
ETW 0,125
UTW 0,146
RW 0,11¢
T™W 0,125
0,25 31 0,254 0,267
ETW 0,146
UTW 0,176
RW 0,133
TW 0,16/
0,30 30 0,298 0,320
ETW 0,190
UTW 0,24{0
RW 0,133
T™W 0,190
0,33 29 0,324 0,351
ETW 0,24{0
UTW 0,265
RW 0,133
0,36 28 0,349 0,370
T™W 0,190
RW 0,184
0,40 27 0,400 0,420
TW 0,241
RW 0,232
045 26 0,440 0,470
T™W 0,292
RW 0,232
0,50 25 0,500 0,530
T™W 0,292
RW 0,280
0,55 24 0,550 0,580
TW 0,343
RW 0,317
0,60 23 0,600 0,673 T™W 0,370
ETW 0,460
NOTE1 RW = Regular Wall; TW = Thin Wall; ETW = Extra Thin Wall; UTW = Ultra Thin Wall.
NOTE 2 Needle sizes below 0,25 mm, consideration can be made to the measurement uncertainty of
existing measurement equipment.
NOTE 3 This International Standard does not specify maximum inner diameter.
NOTE 4 OD = outer diameter; ID = inner diameter.

© ISO 2016 - All rights reserved
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Table 1 (continued)

Designated metric
. ODMIN ODmax IDMIN
size Gauge Wall
mm mm mm
mm
RW 0,390
0,70 22 0,698 0,730 T™W 0,440
ETW 0,522
RW 0,490
AN aval 21 L0000 20230 TW 0’547
U,0U ZT U000 U,00U
ETW 0,610
UTW 0,645
RW 0,560
T™W 0,635
0,90 20 0,860 0,920
ETW 0,687
UTW, 0,713
RW 0,648
TW 0,750
1,10 19 1,030 1,100
ETW 0,850
UTW 0,891
RW 0,790
1,20 18 1,200 1,300 TW 0,910
ETW 1,041
RW 0,950
TW 1,156
1,40 17 1,400 1,510
ETW 1,244
UTW 1,276
RW 1,100
1,60 16 1,600 1,690 TW 1,283
ETW 1,390
RW 1,300
1,80 15 1,750 1,900 TW 1,460
ETW 1,560
RW 1,500
2;10 14 1,950 2,150 T™W 1,600
ETW 1,727
RW 1,700
2,40 13 2,300 2,500
TW 1,956
RW 1,950
2,70 12 2,650 2,850
TW 2,235
NOTE1 RW =Regular Wall; TW = Thin Wall; ETW = Extra Thin Wall; UTW = Ultra Thin Wall.
NOTE 2 Needle sizes below 0,25 mm, consideration can be made to the measurement uncertainty of
existing measurement equipment.
NOTE 3 This International Standard does not specify maximum inner diameter.
NOTE 4 OD = outer diameter; ID = inner diameter.

4 © IS0 2016 - All rights reserved
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Table 1 (continued)
Designated metric
. ODMIN ODMAX IDMIN
size Gauge Wall
mm mm mm
mm
RW 2,200
3,00 11 2,950 3,150
T™W 2,464
RW 2,500
3,40 10 3,300 3,500
T™W 2,819

NOTE 1 RW =Regular Wall; TW = Thin Wall; ETW = Extra Thin Wall; UTW = Ultra Thin Wall.

5.7

NOTE 4 OD = outer diameter; ID = inner diameter.

NOTE 2 Needle sizes below 0,25 mm, consideration can be made to the measurement uncertainty of
existing measurement equipment.

NOTE 3 This International Standard does not specify maximum inner diameter.

Sample size

Where sampling is applicable, the sample sizes shall be determinedon the basis of risk assessment

princ

5.8

Whern
relevi

Stiffness

ples and be included in the tube specification and based on the intended use.

tested in accordance with Annex B, the tubingcshall show a deflection not gredter than the
int value given in Table 2.

For tybes where stiffness test parameters are ndt’defined in this International Standard| the medical

devic
final {

b manufacturer shall prepare specific stiffness requirements based on a risk assesfsment of the
ntended use of the tube.

Consideration should be given to the final product intended use of the tube to determine|if additional

tests

hre required.
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5.9 Resistance to breakage

When tested in accordance with Annex C, the tubing shall not show visible breakage when examined by
normal or corrected vision.

NOTE Consideration can be given to the final product’s intended use to determine if additional tests are
warranted.

5.10 Resistance to corrosion

When tested in accordance with Annex D, the immersed half of the tubing shall show no evidence of
COorro ion racn]fing fromthe tost

NOTE Consideration can be given to the final product’s intended use to determine if additipnal tests are
warranted, e.g. long term drug product contact.

© IS0 2016 - All rights reserved 7
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Annex A
(normative)

Methods for preparation of extracts

A.1 Principle

The stainlesf

A.2 Apparatus and reagents

A.2.1 Freshly distilled or deionized water, of grade 3 in accordance with ISO 3696.

A.2.2 Selec

A.3 Procd

A.3.1 Imm
glass (A.2.2)
contact with

Maintain the
all water fro

A.3.2 Prep

steel tubing is immersed in water in order to extract soluble components.

tion of laboratory borosilicate glassware.

dure

erse 3 g of tubing in 250 ml of water (A.2.1) in a suitable container made from borosjlicate
Ensure that the surface of the stainless tubing, including the inside of the tubing| is in
the water.

water at a temperature of (37 + g) °C fory(60 * 2) min. Remove the tubing and ensurg that
m the inside and outside surfaces of the tubing are returned to the container.

hre the control fluid by following the procedure given in A.3.1 but omitting the tubing.

© ISO 2016 - All rights reserved
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Annex B
(normative)

Test method for stiffness of tubing

B.1 Principle
A spefified force is applied to the centre of the specified length of tubing, which is supp(l)rted at both
ends,jand the amount of deflection measured.
B.2 |Apparatus
B.2.1| Stiffness testing apparatus, capable of applying a force of up to®60' N downwards normal to the
tubing with an accuracy of £0,1 N, by means of a plunger having a lower. end in the form of 4 blunt wedge
formgd by two plane surfaces inclined at 60° to one another and ascylindrical surface of rafdius of 1 mm
and lgngth at least 5 mm.
An example of a suitable apparatus is illustrated in Figure B:l\
B.2.2| Equipment, capable of measuring the deflectiofi-of the tubing to the nearest 0,01 mm.
- 90° —_
5 mm - ~
/ 7 //// ///
/ ///////// /
/)]

////// /

//////// // H

/ /////////

///// //’/ /

:/ // // / /j / 4

—— —~ &\
| \
i 3
1 2
A <—|

Key
1 span
2 section A-A
3  seedetail 4
4 detail

Figure B.1 — Apparatus for stiffness test

© ISO 2016 - All rights reserved
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B.3 Procedure

B.3.1 Place the tubing on the stiffness testing apparatus (B.2.1) and adjust the tubing and the stiffness
testing apparatus so that

a) spanisas given in Table 2 for the designated metric size of the tubing,
b) the bottom surface of the plunger is at the centre of the span, and

c) the tubing is normal to the supporting members and the loading plunger, and the centre of the
tubing is at the centre of the span.

B.3.2 Apply a downward force given in Table 2 for the designated metric size of the tubing at‘@ppeed
between 1 mm/min and 10 mm/min.

B.3.3 Meadure and record (B.2.2) to the nearest 0,01 mm the deflection of the tubing/at the pqint of
application of the force.

B.4 Test eport

The test repgrt shall contain at least the following information:

a) theidentity and designated metric size of the tubing;

b) whether|the tubing was of RW, TW, ETW or UTW type;

c) the meagured deflection, expressed in millimetres to the nearest 0,01 mm;
d) the date|of testing;

e) the type|of stainless steel alloy used, chosen-according to Clause 4.

10 © IS0 2016 - All rights reserved
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Annex C
(normative)

Test method for resistance of tubing to breakage

Principle

One €
point
0OppoS3
C.2

C2.1

C.2.2
up to

C3
C3.1

C.3.2

of fixation, so as to bend the tubing through a specified angle, first in one direction ay
ite direction, for a specified number of cycles.

Apparatus
Support and device for fixing the tubing.

Equipment, capable of applying a force to the tubing sufficient to bend it throug
25°.

Procedure
Rigidly fix one end of the tubing in the support (C.2.1).

Apply (C.2.2), at the distance giveniif Table C.1, a force of sufficient magnitude to cau

to bend in one plane through an angleof(25 * 1)° for regular-walled tubing, (20 + 1)° fo

tubin

C.3.3
in the

C.3.4
for b

C.4
The t

b, or (15 £ 1)° for extra-thin-walled and ultra-thin walled tubing.

Apply the force in the réverse direction so as to cause the tubing to bend through th
reverse direction.

Perform 20 complete cycles of reversal of force at a rate of 0,5 Hz and examine the tu
cakage.

Test report

st report shall contain at least the following information:

nd of the tubing is firmly fixed and a force applied to the tubing at a specified distalnce from the

d then in the

h an angle of

se the tubing
r thin-walled

e same angle

bing visually

a) the identity and designated metric size of the tubing;

b) whether the tubing was of regular-walled, thin-walled, extra-thin walled or ultra-thin walled type;

c) whether the tubing shows visible breakage during the test;

d) the date of testing;

e) the type of stainless steel alloy used, chosen according to Clause 4.

© ISO 2016 - All rights reserved
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Table C.1 — Conditions for resistance to breakage test

Distance between rigid support
and point of application of bending

Designated metric size force
mm
+0,1
0,18 6
0,2 6
0,23 6
0,25 8
0,3 8 ,\Co
0,33 8 ‘],Q
0,36 8 Q-
0,4 8 <o‘l/
N
0,45 10 A
0,5 10 O~
0,55 125 o
0,6 15
07 17,50
N
0.8 (.20
0,9 2 25
1,1 JO 275
*‘
1,2 Q.@ 30
14 o 31,5
116 \L\ 31,5
18 & 31,5
21 L 31,5
24 s 31,5
27 31,5
3 315
3 31,5
O

12
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Annex D
(normative)

Test method for resistance to corrosion

Principle

tpbing is partially immersed in sodium chloride solution for a specified time and ‘afterwards the
immersed portion compared visually with the unimmersed portion for signs of corr@sion.

D.2 [Reagents and apparatus
D.2.1| Solution of sodium chloride, c(NaCl) = 0,5 mol/l (analytical-grade reagent) im distilled or
deionjized water of grade 3 in accordance with ISO 3696.

D.2.2| Selection of laboratory borosilicate glassware.

D.3

Place|a piece of needle tubing in a glass vessel (D.2.2) containing sodium chloride solut

Procedure

on (D.2.1) at

(23 £[2) °C, so that approximately half the lengtly,0f the tubing is immersed. Maintain the liquid and
tubing at (23 * 2) °C, for 7 h £ 5 min. Remove theneedle tubing, wipe it dry and compare the immersed

and

D.4
The
a)
b)
‘)
d)
e)

Test report

test report shall contain atl€ast the following information:

(=

he identity and designated metric size of the tubing;
whether the tubing‘was of regular-walled, thin-walled, extra-thin walled or ultra-thin

whether cortosion occurred on the immersed half during the test;

yn-immersed portions under normal er’corrected vision for signs of corrosion caused by the
immersion.

walled type;

t]:e date'of testing;

thé-type of stainless steel alloy used, chosen according to Clause 4.

© ISO 2016 - All rights reserved
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Annex E
(informative)

Rationale with respect to test method for stiffness of tubing

E.1 General

This Annex provides rationale for the requirements of the stiffness test of Table 2. This sumnpry is
intended for[those who are familiar with the stiffness test indicated in this International Standard but
who have nof participated in its revision. An understanding of the approach and reasoninglsupp¢rting

the prescrib¢d load conditions and maximum deflection limits is considered to be esséntial for p

roper

application gf the standard. Furthermore, as clinical practice and technology change, a documiented

rationale for|the stiffness test will facilitate any revision of this International Standard necessitat
those developments.

ed by

The stiffnes$ test requirements have been selected to strike a balance between objectives; namely
that the test{should be strict enough to ensure tubing of poor quality-d@es not comply yet proyide a

reasonable dxpectation of compliance for tubing of acceptable quality. It was also the Comm
aim to avoid| unnecessary and unintended burden on manufacturers that might occur as a res
fundamentall changes in test methodology or hardware.

ttee’s
ult of

Therefore, the three-point-bending test configuration and*the span prescribed for each designated

metric size femain unchanged. The changes to the contént of Table 2 as compared with the

prior

revision of this International Standard have been limitéd'to applied load at centre of the span and the

respective a¢ceptance criteria (maximum allowable deflection at the centre of the span).
Toward thesg stated objectives, the Committee took the following approach.

a) Analyse [the current loading conditions-to establish reasonable bending moments to be appli
each tube (gage and wall thickness designation). While it should be considered acceptable to
some anfount of permanent deformation (i.e. yielding) during the test, the applied bending m
should rfot be greater than the expected maximum attainable (i.e. plastic moment). The m
applied ghould be selected based on expected ranges of

— yield strength (betwegen 205 MPa and 760 MPa),
— Young’s Modulus{between 150 GPa and 200 GPa apparent value based on experiment), a

— plastic section modulus, Z (for each tube but limited by maximum and assumed least m3
conditiens or “MMC” and LMC”).

ed for
cause
ment
ment

nd

terial

umed
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material behaviour
— linear elastic (resulting in the lowest expected deflection), and

— elastic-fully plastic (resulting in the greatest expected deflection).

c) Specify the maximum allowable deflection for each tube designation considering the following:

— fully annealed, LMC combinations should likely not be considered acceptable (i.e. should fail

the test);
— expectations of stiffness based on the previous revision of this International Standard;

— empirical data and deviations from ideal behaviour.

14 © IS0 2016 - All rights reserved


https://standardsiso.com/api/?name=d2b51f16f4961dbd49885b68bf0b3ef7

IS0 9626:2016(E)

Table E.1 — Definition of termsl4l[3][6]

Consistent units
Line Term Definition of measure for
calculation
1 oy Yield strength of the material Pa
2 To, I'i Outer radius and inner radius, respectively of the m
cross section
3 P Applied load at the centre of the span N
4 L Width of span between supports m
5 - Yorhe s edutasetthetabemateriat Pa
6 Area moment of inertia of the tube’s cross section m#
I = Z(r: - r14)

7 P L P L Bending moment at the centre of the span; Nm

PL y P

M = o M, = a Mp = ~4 |Bending moment at the onset of yield;
Fully plastic bending moment
8 M Plastic section modulus for tubulakcross section m3
p_4(3_ 3
Z=—=—|r’—-r
o 3( 0 i )
y

9 3 3 Deflection at the beam €entre (applicable within m

_ PL _ PL the linear elastic range.of the material, i.e. prior

48EI 4 to onset of yield
12Ex (ro —r ) yield)
10 “Plastic moment” or value of the bending moment Nm
M, =20 =%(r3_r3

p= Gy = 5 ro - rI O'y
11 Oyh Yield'strength of a strain hardened steel Pa
12 Oy,s Yield strength of a fully annealed or soft steel Pa
E.2 |Determination of load
Impli¢it in the applicatiomof a three-point bend test with maximum allowable deflgction is the
expedtation that the tubing sample should not collapse under the test conditions prescribed. Therefore,
we bggin with analysisof three-point bending of tubes of circular cross section to evaluate the material
and geometric properties influencing bending strength and whether the load and span valpes specified
in the previous edition of this International Standard are reasonable.
Subjeft to certain assumptions, the strength of a uniform cylindrical beam in three-point bending is
determinéed by cross-sectional dimensions of the beam and the yield strength of its material. We may
expregsS-the strength of a beam in terms of the maximum bending moment it may resift or “plastic

© ISO 2016 - All rights reserved
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moment”, Mp. For a load applied at the centre of the span and assuming elastic-perfectly plastic material
behaviour, the plastic moment may be calculated as given in Formula (E.1)[5]:

4
Mp IZGy :E(

r3

3
o T )Gy

(E.1)

The value of “Z” or plastic section modulus is therefore a property only of inner and outer radii

expressed as Formula (E.2):

3
"o

2=
3

3
_ri)

(E.2)

The bending
span, L, and

M=—
4

Using these
moments pre
To achieve th
LMC, and ma

While MMC

moment, M, applied to a beam in three-point bending may be expressed as a functien
hpplied load, P, at the centre of the span as given in Formula (E.3):

relationships and an assumed range of yield strength, we may.-cempare the be
scribed for the stiffness test to the plastic moments expected to cause failure for each
is, plastic section modulus Z is first tabulated for each tube atleast material conditi
ximum material condition, or MMC.

s easily defined using the greatest allowable outer diameter and the smallest allo

inner diametler for a specified tube, definition of the LMC requires'an additional assumption. We s

assume that

allowable infer diameter for a tube of the same gauge but nextthinner wall thickness designatior.

NOTE No
bounds for an

the maximum allowable inner diameter for a given tube corresponds with the min

te that this approach is not intended to enforce.@maximum inner diameter, but rather to est
hlysis.

Thus, for example, the LMC condition is not defined-for a TW tube if ISO does not define an ETW t

the same gay
of LMC plast

For cases o
proportionaf
special caseg
calculate the
for the NW t

ge. In such cases, an alternate method is offered to estimate inner diameter for calcu
¢ section modulus.

e moments of inertia. In(this manner, we may determine a maximum inner diameterin
. The example shown in°Formula (E.4) to Formula (E.7) below illustrates the proced
maximum inner didimeter of a thin wall (TW) tube on the basis of the moments of i
ibe of the same.désignated metric size (i.e. gauge). An analogous approach is employ

needed for tybes of adjacentavall thickness designations (e.g. TW and ETW; ETW and UTW; or UT

I
I

LMC

el

MMC

B

of the

(E.3)

nding
tube.
on, or

wable
hould
imum

ablish

ibe of
lation

undefined LMC, the maximum allowable inner diameter is calculated by assyming

these
ire to
hertia
red as
W).

(E4)

(E.5)

I
I

z
64

4 —
0,MIN,TW

D4 LMC
i, MAX,TW

(E.6)

The steel’s yield strength influences both the point at which the relationship between load and
deflection deviates from linear, as well as the maximum load the beam is expected to bear. Therefore,
we should consider a range of yield strength over which to evaluate the relationship between load and

| Tl

I
I

4 —
0,MIN,TW

LMC

D =<D

i, MAX,TW (E.7)

MMC

16 © IS0 2016 - All rights reserved


https://standardsiso.com/api/?name=d2b51f16f4961dbd49885b68bf0b3ef7

IS0 9626:2016(E)

deflection in three-point bending. We estimate the yield strength of a 304 stainless steell4] between
205 MPa (fully annealed) and 760 MPa (half hard).

On the basis of the foregoing, we may estimate bending moment expected to induce failure, Mp, as
a function of tubing dimensions and yield strength. Upper and lower bounds of M, were obtained
by evaluating M, at the upper and lower bounds of material yield strength using Formula (E.8) and

Formula (E.9):

M =Zc 4 = Zx760MPa (E.8)

p,Hard y,Har

M_ o =20, cp = Zx205MPa (E9)

By plotting the tabulated values (as per the previous edition of this International Standard) of bending
momént M and plastic section modulus Z for both LMC and MMC conditions along with the relationships
of Fomula (E.8) and Formula (E.9), we have

M is the bending moment, in N-m;

Z) is the plastic section modulus, in m3;

Mpu s the plastic bending moment for yield strength of 760\MPa;
M

[, is the plastic bending moment for yield strength o205 MPa.
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M  bending moment, in N-m

7 plastic section modulus, in m3

My y plastic bending moment for yield strength of 760 MPa
M1, plastic bending moment for yield strength of 205 MPa

Figure E.1 — ISO and fully plastic moment, Mp, versus plastic section modulus
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We see by inspection of Figure E.1 that many of the prescribed bending moments lie well above the
predicted plastic moments even for material of 760 MPa yield strength in MMC; this International
Standard is likely too stringent in many cases.

A reduction in prescribed bending moment for tubes between 1,4 mm and 0,20 mm designated metric
size has been implemented. By “shifting” (i.e. prescribing a lower value) bending moment to become
equal to the plastic moment corresponding to the lowest defined plastic section modulus of each gauge
to the 760 MPa curve and specifying the same bending moment for each tube within the gauge, we have
determined the proposed bending moments.

NOTE1 Lowest defined section modulus is calculated using the smallest outer diameter for the designated

metric size a

nd the minimum inner diameter of the next thinner wall designation of the same designated

metric size.

NOTE2 PIg
the Internatid
0,23 mm meti

This “shift”

stic section modulus is calculated on the basis of the newly defined dimensions for this.revi
nal Standard; tubes that have changed since the 2001 version are ETW and UTW-for”0,33
ic sizes; ETW for 0,2 mm metric size; and all 0,18 mm metric sizes.

yas only done for tubes where the plastic moment, My, for the lowest defined plastic s

modulus is above the 760 MPa line. Then by substitution into Formula (E.3) and-since span L has

maintained,

Key

M-N-m)

Lhe load P to be applied to each tube for stiffness testing was calculated.
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Z  plastic section modulus, in m3

Mp y plastic bending moment for yield strength of 760 MPa

M1, plastic bending moment for yield strength of 205 MPa

Figure E.2 — New bending moments for use in this International Standard and Mj, versus plastic

18

section modulus
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