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Foreword

WARNING—Hydraulic hose assemblies have a finite life and the exposure to surge pressures above
the maximum working pressure will substantially reduce their service life.  This analysis is
intended to show the loss of hose working life due to elevated hydraulic pressures.  Use of
this SAE Information report is intended for those individuals that can produce a recorded
history of pressure peaks and the frequency of the peaks.  Under no circumstances should
cumulative damage analysis be used unless recorded pressure history can be verified
before implementing the design.  Without proper documentation of the system pressure
history, the application of any hose assembly above the rated working pressure is not
recommended by hose manufacturers and will substantially decrease the working life of the
hose.  The user/installing company is accountable for the analysis and application of results.

1. Scope—This SAE Information Report is intended to provide the hydraulic system analyst with a procedure
which will assist in the selection and use of high-pressure wire reinforced hydraulic hose assemblies.  Many
construction, agricultural, industrial, or commercial equipment systems utilize hydraulic hose assemblies that
are subjected to irregular cyclic pressure variations (cannot be approximated by a constant amplitude
pressure cycle).  This document relates damage done by pressure cycles with the pressure-life performance
curve for the hose assembly being evaluated, using a linear damage rule to predict fatigue life similar to that
used for predicting metal fatigue life.  More detailed information on the subject may be found in SAE Paper No.
880713.  The accuracy of cumulative damage calculations is directly related to proper measurement of the
service pressure history and pressure-life performance for the hose assembly being evaluated.  Final selection
of a hose assembly must also consider installation and maintenance as noted in SAE J1273.

1.1 Background—In the current SAE J517 for hydraulic hose, each style and size hose is assigned a maximum
operating pressure rating to assure the user reasonable service life in a wide variety of applications.  (See
Appendix A for further explanation of nomenclature used in this document.)  This rating is based on
assessment of many factors, including repeated pressure cycling under controlled laboratory conditions at a
pressure equal to or greater than the assigned maximum operating pressure.  This standard test procedure,
as detailed in SAE J343 minimizes variables so as to provide a baseline for performance capability.  SAE J517
takes note that actual pressure cycling in a hydraulic system will seldom duplicate those test parameters
precisely.  It provides basic hose construction details; SAE J343 establishes standard test procedures—which
may be utilized to develop data at pressures other than the established test value for any hose assembly.
SAE J1273 provides a guide for selection, installation, and maintenance for hose and hose assemblies.

 
 

_________________________________________________________________________________________________ SAE INTERNATIONAL J1927 Stabilized JUN2014 Page 1 of 11

Full document details: SAE J1927_201406

http://www.avadocuments.com/doc/sae-j1927-201406
http://www.avadocuments.com/doc/sae-j1927-201406


Many hydraulic systems will be subjected to variable amplitude pressure cycles, and in some of these the
highest surge peaks will occur only a few times.  Strict interpretation of SAE J517 indicates the use of hose
assemblies with a maximum operating pressure equal to or greater than the highest peak—even if that peak
should occur only once in the life of the system.  If this were done, the hose would have more reinforcement,
larger outside diameter, less flexibility, and higher cost than might be needed.  It should not be necessary to
use a hose that has over a million cycle capability at a pressure which is likely to occur only a few times in the
application.  What is needed, then, is a design verification procedure that assures adequate fatigue life for
applications with variable amplitude pressure usage where the highest surge peaks are between 100 and
200% of rated pressure.

1.1.1 Cumulative damage of hydraulic hose is in many ways comparable to cumulative damage of metal
components.  The design verification of metal components is done in two ways depending on whether
loading is of constant amplitude or variable amplitude:

a. Size the part cross section so the constant amplitude (maximum) load will not produce a stress at the
highest stressed area in excess of the material “endurance limit stress.”  This is a stress that will not
cause failure in a million cycles of loading.

b. Do a cumulative damage analysis on the variable amplitude load or strain history to predict fatigue life
as is normally done to evaluate prototype machines in the ground vehicle industry.

1.1.2 In a similar manner, hydraulic hose design verification should be done in two ways:

a. Select a hose assembly so the constant amplitude (maximum) pressure during service is less than the
SAE J517 rated pressure.

b. Do a cumulative damage analysis with the variable amplitude pressure history to determine if the
fatigue life will meet the design life of the product.  The block diagram in Figure 1 illustrates how both
the pressure history and the P-N curve information are the essential inputs for this procedure. 

FIGURE 1—BLOCK DIAGRAM FOR HOSE FATIGUE ANALYSIS

For both metal parts and hydraulic hose assemblies, the first method is appropriate when the load (pressure) is
known to be a large number of cyclic applications of nearly constant amplitude.  However, if the load (pressure)
involves infrequent cycling or includes only a few large peaks, then the first method may lead to designs that
are heavy, bulky, inflexible, and more costly than need be.  For variable amplitude loads or pressure
applications, it is logical to do a cumulative damage analysis to judge the adequacy of the design.
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Other factors, such as internal temperature, ambient temperature, and ozone exposure, for all intents and
purposes, have not been considered in this cumulative damage analysis procedure.  Long-term exposure to
extreme limits or high levels of these elements could affect the overall hose assembly life.

2. References

2.1 Applicable Publications—The following publications form a part of this specification to the extent specified
herein.  Unless otherwise indicated, the latest version of SAE publications shall apply.

2.1.1 SAE PUBLICATIONS—Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.

SAE J343—Tests and Procedures for SAE 100R Series Hydraulic Hose and Hose Assemblies
SAE J517—Hydraulic Hose
SAE J1273—Selection, Installation, and Maintenance of Hose and Hose Assemblies
SAE 880713—SAE Test Program on Cumulative Damage for Hydraulic Hose Assemblies

3. Use of P-N Curves in Design—A cumulative damage analysis is needed for a hydraulic system subjected to
variable amplitude pressure cycles if system pressures in excess of rated pressure are to be in the design
consideration.  An approach for this analysis is to use the Reference P-N curve as defined in the previously
mentioned reference paper and shown in Figure 2.  Verification that the actual hose assemblies have a P-N
curve in excess of the Reference P-N curve is essential.  The equation for the Reference P-N curve in Figure 2
is:

(Eq. 1)

where:

Pa = Zero-to-Max amplitude of pressure cycle
N = Cycles to failure at pressure amplitude Pa
Pb = Burst pressure (one cycle life)
s = Slope of curve on log-log plot

FIGURE 2—HYDRAULIC HOSE PRESSURE-LIFE PERFORMANCE CURVE (SECTION 3)

WARNING—This figure is here to show the concept of Equation 1.  This should be used for conceptual
purposes only.  The user is responsible for the actual graph.  The user’s graph needs to be
based on actual history of tested data.

Pa Pb N )s(=
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