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1. SCOPE:
1.1 Purpose:

This document is intended to facilitate calculation of O-Ring tension testing values.
1.2 Application:

The calculation of the values for tensile strength, ultimate elongation, and modulus at 100%
elongation from raw data obtained on O-Rings is outlined in its essentials in ASTM-D-1414. This
document provides tables which simplify these calculations. Notations and symbols used herein are
not identical to those used in ASTM D 1414.

2. APPLICABLE DOCUMENTS:

The following publications form a part of this document to the extent specified herein. The latest issue
of SAE publications shall apply. The applicable issue of other publicatioans shall be the issue in effect
on the date of the purchase order. In the event of conflict between the text of this document and
references cited herein, the text of this document takes precedence. Nothing in this document,
however, supersedes applicable laws and regulations unless a specific exemption has been obtained.

2.1 SAE Publications:
Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.
AS568  Aerospace Size Standard for O-Rings

2.2 ASTM Publications:
Available from ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959.
ASTM D 1414  Rubber O-Rings
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3. CALCULATIONS:
3.1 Elongation:

ASTM D 1414 provides the following equation for calculation of ultimate elongation.

_ (2d+G-C) x 100

%E
C

(Eq. 1)
Where

G = circumference of one spool,

C = original inside circumference of O-Ring,

d = spool center-to-center distance at time of rupture, and
E = elongation.

The raw data consists of the inside diameter of the O-Ring (denoted as D in the following), the spool
diameter (S), and the spool center-to-center distance (d) at break. It should be noted that one spool
must be driven and the other freely rotating in order that the stress be uniformly distributed around
the entire ring. Use of nonrotating pins leaves the contact length(s) of the O-Ring substantially
unstressed because of friction between O-Ring and pin(s), unless the O-Ring is suitably lubricated
(silicone oil or castor oil is suggested) immediately prior to testing. Laboratories attempting to
correlate data should agree upon spool or pin diameters and the particular lubricant to be used.

Equation (5) below is derived from equation (1) and, with Table 1, is directly and simply applicable to
the calculation of percent elongation.

G = 1S (Eq. 3)
E = 2d+nS-=nD (Eq. 4)
nD
_ 2 , Db-8
E = D d 5 (Eq. 5)

The terms ni and are constants for any given O-Ring size and spool diameter. Tables 1 and

D D
1A give values for these terms for AS568 dash numbers when tested on either the standard 0.500
inch diameter spools for ring sizes which will be accepted by them, or 0.250 inch diameter spools for
smaller sizes. Similar tables for other spool diameters can be constructed by using equation (5)
above. In using the table, multiply the spool center-to-center distance, (d), by the number in the
column headed “multiply (d) by”, and subtract from the result the number in the column headed “and
subtract”. This result must then be multiplied by 100 in order to obtain percent elongation. The
calculated terms given are based on the mean value of the O-Ring inside diameter.
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3.2 Modulus at 100%:

The value for modulus at 100% elongation is the tensile stress at this elongation. In order to note the
tensile stress, the spool center-to-center distance must be predetermined for 100% elongation. In
order to do so, equation (5) is used, setting E = 1 in this case.

2 _
E=1=-24q.D-8 (Eq. 6)
(1 + D[_)S)nD
digo = 5 (Ea.7)
digo = 5 (2D-S) (Eq. 8)

The values for the spool center-to-center distance for 100% elongation, dqq, are calculated from
equation (8) and given in Tables 2 and 2A. The machine readings for modulus at 100% must be
converted to psi in accordance with the following discussion on tensile strength.

3.3 Tensile Strength:

Defined as follows:

(Eq. 9)

>

Where

(T) is the tensile strength in psi,
(F) the force in pounds (i.e. machine reading) and
(A) is the area under stress.

In the case of O-Rings tested on spools the area (A), is equal to twice the cross section area of the
ring. The total area (A), determined from the actual cross section diameter, (W), is:

2
A = 2n (‘%) (Eq. 10)
W2
A=W (Eqg. 11)
2
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3.3 (Continued):

Equation (9) may be restated as:

T = F(%) - F(nivz) (Eq. 12)

The values for 1/A for each 0.001 inch interval within the AS568 tolerances are given in Table 3. To
obtain tensile strength simply multiply the machine reading, (F), by the values given for 1/A in this
table. This table is also used for calculation of modulus as mentioned in 3.2.

4. EXAMPLE:

Size AS568-218
Measured W = 0.141 inch

From Table 2 determine that stress for 100% modulus is to be noted when spool center-to-center
distance (d4qq) is 3.09 inches.

If:
machine reading at d4gg = 21 pounds
machine reading at break = 43 pounds
spool center-to-center distance (d) at break = 5.6 inches
Then:
%E =1[(0.516) (5.6) — 0.595] x 100
=[2.890 — 0.595] x 100
%E =230%
The numbers 0.516 and 0.595 are taken from Table 1 opposite size AS568-218.

Migo =(21) (32)

M1OO =672 pSI
T =(43) (32)
T =1376 psi

The number 32.0 is taken from Table 3 opposite W = 0.141.
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5. COMMENTS:

Tables 1 and 2 on the following pages are based on the use of standard 0.500 inch diameter spools
and show values for O-Rings from 1 to 6 inches nominal ID. Tables 1A and 2A are based on the use of
0.250 inch diameter spools and show values for O-Rings from 0.250 inch up to 1 inch nominal ID. In
order to run the smallest of these sizes it is necessary to use nonrotating semicircular cross-section
pins of 0.250 inch diameter. In this manner it is possible to reduce the pin “center-to-center distance” to
virtually zero for the start of the test and install the rings on the pins without excessive prestressing.
The use of spools or pins smaller than 0.250 inch diameter is not recommended, because the sharp
bending stress where the ring passes over smaller pins can yield low and erratic values.

PREPARED UNDER THE JURISDICTION OF
AMS COMMITTEE “CE”
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