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by H., L, Clark

*
Tn the not too distant past in our country spring specifications

were not given the corcful attention of the spring manufacturer that
they receive todyy, Perhaps this may have been due to the then current
tendency to regard the spring manufacturer as an artisan and to assign
to him more functiomal responsibility than he receives today. With the
foregoing in mind, it is undcrstandable that it was more or less the
custon to treat manufacturing tolerances lightly with the expectation
that the products would be found satisfactory so long as they performed
adequately in a functional sense, It can be appreciated also that in
certain quartcrs menufacturcrs were optimistic as to their abilities to
fabricate to closc tolerances, whilec in others the reverse was truc,

In other words, the approach to manufacturing specifications and tolcrances
was far more subjcctive than it is today.

Today the spring manufacturer must treat manufacturing
specifications with far more respect and consideration than in the past,
fhere are a numoer ol reasons for tiis incrcased cmphasis on specifications,
but in the ultimato they all Loil down to a matter of economics., In the
first placc, a memufacturer can no longer af'ford to be optimistic as to
his ability to i .c springs to specifications. The effect of todey's
current high wace rotcs on secondary or repeir operations precludes
anything but a rcalistic appraisal as to the inherent capabilities of
equipment to hold tolcrances., In the second place, the concecot of quality
control, which has gaincd such a foothold in most of the scgments of
industry served by spring menufacturers, nakes it absolutely essmntial that
manufacturing tolerances be realistic and be maintained. Most of us who
have approached the cuality control program have learned its essential
virtues, which can be reduced succinctly to the thought that in the long
run it is cheaner to build quality into the product than it is to eliminate
culls through inspection., Since the matter of specification preview is
so intimately comnccted with quality control, it might be profitable herc
to enumerate the procedure involved as a genecral rule in quality control
certification and the rrogram in its gencral broad outlines, even though
most spring makers arc fully conversant with the proccdure,

QUALITY CONIROL PROCEDURES

In ocotaining quality control certification, the usual first step
in the procedure is to have a survey made of equipment and processing by
the quality control rcpresentatives of the customer. The purpose of this

survey is for the ocustomer to judge whether or not the equipment is

* U.S.A.
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capable of meiding springs in conformance with their blueprint
Specifications and to their quality requirements, Along with the
inspection of equipment, as well as the tooling thereof, careful
attention diring the survey is paid to processing techniques to make
sure that these are adequate to assure the ability to meet the require-
ments of the process standards of the customer, This part of the survey
includes a study of heat treatment processes, furnaces and their control,
together with hardness and load testing equipment, as well as such items
as painting procedures, shotpeening, corrosion prevention coatings and

their application,

After the equipment and processing survey is made and a favourable
report is issued, pre-production samples are submitted and are inspected
100% by the custouer, and specimens from these are fatigue tested if this
is a requirement, At the time of submission of these samples , certifi-
cation is made by e manufacturer that all parts shipped subsequently

will conform wi il the quality level of the samples,

Assuming that the 100% inspection of the above samples disloses
that the quality is adequate, the formality of receiving inspection of
subseguent shipments will be waived, However, representatives of the
quality control department of the customer will meke spot checks from
time to time of sufficient size to permit judgment of the quality level
on a statistical basis, and reports are issued to all persons concerned,
including, of' course, the vendor. These reports include comparative
records on an accunulative basis. They show the verdor the relative
efficiency of his quality control, net only with respect to time but
also with respect to the efforts of his competitors, in the instances

where this is deemed advisable,

If there are difficulties disclosed as the result of these
occasional quality control checks, but the difficulties are not of a
nature which would meke the parts umsable, the ganufacturer is directed
to correct the condition before making additional shipments, Depending
won the type of defccts encountered and their significance, quality
control representatives of the customers may call at the plant to assist
in locating the trouble. On the other hand, if the statistical
sampling indicates that the parts are not usable, the shipment is returned
and the manufacturcr is prevented from making future shipments until he
assuies the custoncr by submission of corrected samples that the

difficulties hiave been overcome,

Obviously a spring manufacturer who takeé part in quality progranms
of the genecral nature described above must review carefully the
Specifications applicable to the respective spring items involved. He
should review the operations proposed to be followed to make sure that
his equipment. and tcoling are adequate to produce parts within the



tolerances specificd and that his processing is otherwise adequate to
meet the qualitr requircments of the customer, either as specified on

blueprints or implicit therein,

A carcful previewing of specifications may bring to light many
things before pre-production samples are prepared. If it is found
that the toleronces arc too close to be met without expensive secondary
operations being verformed, the manufacturer is rendering both the
customer and himself a disservice if he does not call attention to the
situation, Trequently the close tolerances may have resulted from
a misunderstanding or over-gealousness on the part of the designer,
and wider tolerances, which the manufacturer would propose as a normal
procedure requiring no secondary eperations, would be uuite acceptable.
AS a result of a preview of‘ this nature, the manufacturer may find himself
in a position %o .wwnish the the item to the customer at a lower price
then he woull hive cuoted on the original specifications, which contributes

toward the building of customer good will.

Specilication previewé should not be confined to tolerances alone
but should include a careful review of the material and processing phases
of the specifications. Often the customer may specify materials and
processes which cre more expensive than the application requires. On
the other hand, the customer frequently under-specifies where material
and processing are concerned, with the result that he may be jeopardizing
tiie quality of the end product unless he is placed in a position to
benefit from the soecification preview and subsequent advice of the

spring manufacturer,

Perhaps it is significant to draw one observation from the
foregoing remarks and that is -~ it is not enough for the spring
manufacturer tc be wisc arnd understanding as to the optimum capabilities
of his own cquipment and procedure. In addition, to obtain the maximum
frem a given buyer-seller arrangement, he should know as much as he
possibly can as to the application of and the duty placed on his springs,
Arned with all o this informatien, he then is in a position to preview
specifications correctly and to make adequate recommendations as required.

RIS AND 10D TOIZR IS
A few roacaiss as to the effect on load and rate tolerances of

helical coil s»rings as dependent variables of the tolerances on the
diamcter of tiac material, on coil diamcter, on number of coils, and on
free height will illustrate one approach to specification preview. The
effect of thesc dcpendent variables can be obtained through consideration
for the rate of deflection of a helicel ooil spring of relatively low
angle of helix fron the following classic formula:

Gdl"

" oy

R
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bar or wire diameter

where

Il

a
D mean coil diameter
T nunber of coils

-=
H

+

In the case wherc the spring is coiled from a bar of a given length L
equal to x DN, the rate formula can also be expresscd as:

L
R = WGd
a

L,

In the consideration of the effects of variations, it is convenient to

nake use of the sporoxdmation (1 £ x)® = 1 % nx, where x is very small
compered to wiity, If X3 is the ratio of the bar diameter tolerance to
the bar diamcter, “.:J ard XL the similar raties affecting mean coil diameter

and bar lengtih respcectively, the expected f variation in the rate of
deflection will be the following ratio:

R o= Ky v 2 r X
Variation in free height will produce a variation in the nominal
load at a given compressed height, in addition to the variations caused
by the rate changes described above. Iif J{f is the ratic of the variation
in free height to the nominal deflection unmder load, the possible
variation in loading will then be

N = +24 + X + X

-

In consider.‘ing the rate variation X.R it is to be appreciated that
once springs have been put into production it is extremely difficult and
costly to attempt corrcciion, Thoerefore, the tolerance to be specified
where rate is conccrned should be constant with the expected variation
XR above, or conversely, the factors }Ed, XD and X.L should be adjusted so
that xR will substantielly cqual the tolerance specified.

Since X, ic always greater than XR, one might conclude that the
permissible toleraice on loading should be greater then that on rate of
deflection, llowcver, in certain instances, e.g., in the practical case
of chassis suspension springs, tolerances on loading cannot in gencral
be as great as calculated values of xp indicate as being required.
Indeed, in these particular syripgs the specificd tolsrance ratios xp are
usnally lower than thc computed rate tolerance ratios Xp.

Springs can be corrected for free height much more readily than
for rate of deflection, and it is feasible therefore to meintain tolerances
on loading within much closcr relative value than those on rate, In the
finel anelysis, thc maintenance of close tolerance on loading becomes an
economic problem subjoct to the law of diminishing returns, The problem
is two-fold in that tie excessivc amount of re-working caused by very
close load tolerances not only increases the direct cost of unit output
but also engages finishing aquipment which might otherwise be epcrating
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more productively, Of the two cconouic effects, the latter can be
the more scrious, as it is usual practice to provide sufficient
finishing equipment to balance the output of the rest of the facilities,
Under such conditions, excessively closc load tolerances can bring about
an unbalanced condition which effectively reduces plant output,
LSTIMATION C YTIZID

It is possiblc to estimate the yicld of acccptable springs
to be expected when the variables affecting bar diameter, coil diameter,
number of coils or bar length and freec hcight are unknown, In arriving
ot such en cstimate, the simplest assumption is that the yield will
follow the normal probability curve in which the frequency of occurrences
Y , as ordinate valuc, in a series of n occurrences is related to the
deviation x frou the abscissa mean value, eege, load tolerance ratio valugs,
as follows:

In this equation the value h is a precision index controlling the shape
of the curve, Out of the total mumber of occurrences, the proportiomate
number whose volue lics between ordimmte values of +x and -x can be
obtained from an cvaluation of the probability integral:

hx - h2 x2

P = 2. fo e d (hx)
i

Tables arc availablec for the determination of values of hx corresponding
to assigned probability valuesphx. If we assume a high value to Phy?
a value approaciin; unity, for the case where the limits are those
indicated as nccessary by the computations for XR and XP, the standard
deviation 7 can be determined from the following formula:

~— = X /hxv2
: P/

In this formula thc value of hx to be used is that found from the assumed
tabulated valuc of p, . Having obtaincd the standard deviation in this
manner, the hx valuc corresponding to the permitted variation in rate
}{‘R or loading K'P can be obtained from the similar equation:

hx = X§ / oW?2

Then from the tabulated valucs of the probebility integral, the value
Phx for the new valuc of hx as dctermined above can be obtained. This
probability valuc represents the yleld as a percentage of the inspcction
of an infinitely great number of springs within the assigned limits on

rate ar loading,



SAMPLE YTELD G/ICUL/TION
The toleranccs on the rates of deflection and on load are

scldom specified broadly enough to take into account the full effeots

of the variations to bc cxpected in bar diameter, coil diameter, bar

length, and frec length of the spring. Frequently the customer will

agree to incrcasing the specified rate and load tolerances if the

matter is properly prcsented, On the other hand, in certain instances,

notably for chassis suspension springs as mentioned above, the customer

usually cannot specify load tolerances as broad as they should be, even

though he realizcs that a cost premium results, and is resigned to paying

it for the closcr tolerances,

The following is an cxamplc of the yicld to be expected in the
production of a morc-or—-lcss typical suspension coil spring, of which
the significant design items are:

1. 4.50 = ,031 in, (coil insidec diameter)
d& = .545 = ,004 in. (bar diameter)

il

D = L.50 % 545 = 5.045 (mean coil diameter)
R = 125 % 4 1b/in. (rate of deflection)

L = 123% ,312in, (active length of bar)
¥ = 810 % 25 1b., (nominal load)

Fron tlic chove data the tolerance ratios mey be calculated

3 follows:

Xy = .004/.545 = .00735
X, = .031/5,045 = 00615
xL = ,312/123 = 00254

Assuming that all springs will be within the above tolerances for bar
diameter, coil diamcter and bar length, the expected I rete of deflection

veriation ratio vill be:
Xo = kb x 00735 + 2 x 00615 + ,00254 = 0442k

It is to be noted that the rate of deflection for this spring is required
to be maintaincd within z 4 1b, or within a rate variation ratio of ,032,
whereas the expected variation ratio as calculated above will be 04424,
If we assume that thc required rate tolerance will be maintained within
three standard deviations the applicable hx value can be computed from
the standard deviation formula as follows:

hx = X3 /o2
Substituting 3g for J{R, the hx value will be 2,1213, Thse probability valuc
P, for this value of hx will be found from tabular values to be 0,9972, closc
enough to unity to cnable one to expcct that substantially all values will

fell within ihc limits of the expected ratio variation rate of ,OL42L4.
In this instance the standard devistion will be

o = :{R/‘nx N2 = 04424/2,125 N2 = 01,475
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Considering the sbove standard deviation and thc permitted rate
variation of ,032, the corresponding hx value will be

hx = xg/mfz = ,032/.0l475 ¥2 = 1.535

From tabulated velues of the probability integral for a value
of hx equals 1,535 we find a Phx velue of ,9700, Ths indicates, that,
although the permitted rate variation is less than it should be,
nevertheless 97 percent of the springs should be within the prescribed
limits, |

However, with respect to load, conditions inherently are
different than those effecting rate of deflection. In this illustrated
case whcre the nominzl load is 810 1b, and the rate is 125 1b/in.,the
nominal dcflection is 810/125, or 6,48 in.

Assuming that the springs can be manufactured within a tolerance
in freec height of a2 in. , the deflection variation ratio will be
Xp = .12/6,4,8 = ,0185
The load variation ratio will then be
4 = L, o+ Xo = Obh2 + 0185 = 06274
If we ossunc that 99,72 percent of the springs will come within
the load variation ratio above, the corresponding hx value is 2,1213,
and the standard deviation for the load is
G = }'P/hx N2 = ,06274/2,125 N2 = ,02091

The permitted load variation in this instance is

1
X = 25/810 = ,03085
The hx valuc corresponding to the stendard losd deviation just

above and the permitted load variation ratio will be
1
= X, /o V2 =.0%085/,02091 ¥2 = 1,041

Fronm tabulanted values again we find that for an hx value of 1,041
the correspondingpm value is ,8580, and that it is reasomable to expect
that 14 percent of the springs would have loads outside of the prescribed
limits,

Time docs not permit that calculations of this nature be made
on cvery item or which cost estimates are prepared. However, the
illustration should be of interest because it dcpicts the order and the
nature of the variables which can be expccted, In addition, studies
along the lines of this sample calculation can be used to form the
background of nore generalized aids in the previow of specifications,
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Effect of Load Tolerance on Yield

In the above sample yield calculation it was determincd under
certain assumptions that 85.8) percent of the springs manufactured would
be found within an arbitrarily assiincd load tolerance of *+ 3.085 percent.

In this illustration the standard deviation was determined to be .02091.

By using this standard deviation of .02091, calculating the
corresponding hx values, and finding the respective Phx values of the
probability integral, one can )lot the curve in Figure 1 from the values
obtained. This curve shows the yield in terms of thc springs vhich will
be within an arbitrarily assigned + tolerance on the load without resorting

to rework operations.

The yield curve of Figure 1 is significant in that it lemonstrates
what can be expected in reworking operations as tolerances on lozd vary.
In the sample calculation, and from the curve, with the required load
tolerance of + 3.085 percent one would expect to encounter 14,20 percent
of the springs outside of load tolerance, requiring rework operations.
The curve indicates that if the + 3,085 percent load tolerance is halved,
the resulting rework operations would apply to more than threce times the
previous amount. Since there is an inverse linear relationship between
the yield and the cost of reworking springs which are out of load tolerance,
it is helpful in the cost estimating phase of specification review to have
yield information available in a form which can be used readily. Our
company uses Jjust such data in the form of a curve in preparing cost
estimates,

Standards and Specifications

In our country there arec many standards and recomuended practices
relating to spring materials, to tie springs themselves, and to the
various manufacturing processes involved vhere both the materizls and the
springs are concerned. Most of tle larger users and manufacturers of
springs have their own publis.ed standards. In the more imoortant
items there is little discrepancy uctveen the various proposeu tolerances,
but there would be less confusion if there werc a -ore general acceptance
of the specifications of the various technical societies who have given
much time and effort to the development of standards which should be
equitable to makers and users alike.

A partial list of the more important standards and reccommended

practices includes those of the following technical societies.

1+ American Iron & Steel Institute.

2. Association of American Railroads.

3« American Society for Metals.

L., American Society for Testing Materials.
5. Fine Wire Manufacturers' Association.
6. Society of Automotive Engincers.

7+ Spring Manufaoturers Institute.



-9 =

The recommended procedures of the above .roups are we¢ll accepted.
Some, as the names imply, are concerned with the application of springs
to particular ficlds. Fregyuently tic tolerances on functional rcyuire-
ments are not consistent with the tolerances required on the design
variables. However, in most instances wherc there are inconsistcncies,
a compromise has been made in light of minimal functional needs on the

one hand and manufacturing costs on the other.

As an example of the tyoc of work which has been done by technical
societies in our country to promote the acceptance of tolerances and
prgctices within a large industrial field, the following recommcnded

practices of the Society of Automotive Engincers are attached.

Appendix Title
A Helical Conpression Springs, Hot Coiled for

General Automotive Use.
B lielical Couspression Springs, Cold Coiled for
Gencral Automotive Use.

C Helical S»rings for kotor Veliicle Suspcnsion

Generally speaking, thc dota published on springs oy the above
groups are subject to review at intervals to make sure that revisions
are made frequently enough to maintain the recommendcd procelures in
line with developments and improvemcnts in manuf'acturing procedivres.

An adequate system for the review of the specifications of customcrs
should contain provision for refercnce to updated versions of the
standards and practices recommended by such institutions as those
listed above.

liarch 19, 1962 H.H. Clark,
Eaton }if z« Company,
9771, French Road,
Detroit 13, Michigan.
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APPENDIX A

HELICAE- COMPRESSION SPRINGS HOT COILED
FOR GENERAL, AUTOMOTIVEL USE-SAE J507 SAE Recommended Practice

Report of Spring Committee approved September 1949 and last revised June 1958

(The following recommended practice deals with hot coiled springs
nade from round stcel bars of § in. or larger diameter. The recommended
practice furnishes a system of dimensional tolerances which serves to
inform the uscr of practical manufacturing limits, Closer tolerances
are obtainable there the acouracy is required and the increased cost is
justified. Helical springs for suspension are covered in SAE Recommended
Practice, Heliczl Springs for Motor Vehicle Suspension-SAE J509)

Dianmeter of Ber Stock - Tolerances for diameters of bar stock are given
in Table 1.

Table 1 - Tolerances for Diameter of Bar Stock, In

[ % i TOLEZRANCE .
5. BAR DIAMETZR PLUS OR MINUS _ i
iOver 3/8  to 7/16 incl. 0,006 |
jOver 7/16  to 5/8 incl, 0,007
Over 5/8  to 7/8 dncl., 0,008 :
Over 7/3  to 1 incl, 0,009
iOver 1 to 1-1/8 incl, 0,010 |
Over 1-1/8 to 1-1/k4 incl, 0,011 ;.
‘Over 1-1/4 to 1-3/8 incl, | 0.012 i
jOver 1-3/8 to 1-1/2 incl, | 0,01, [
iOver 1-1/2 to 2 inel, | 0.016 |

Coil Diameter, = Tolerances for coil diameters are given in Table 2,

Teble 2 - Tolerances for Coil Diameters, In,

20R SPACTITED ;I INSIDE OR OUTSInEOEOML;:RN%Sm, :
OR COMPUTED i PLUS OR M

MPUTED FOR FREE SPRING HELGHT
OUTSIDE DLAEIER 1570 15T OVER 10 | OVER 1 OVER 26] OVER %r |
! INCLU- 70 18 T0 26 T0 34 0 42

| o e T

pRp—

o ————

{Up to & inci, | /16 3/32 1/8 5/32 316
Over 6 to ¢ incl. | 332 1/8 3/16 /4 1/
Over 8 to 12 incl, i 1/8 3/16 1/h AW/ /4

Spring ilaights

A1l spring heights are measured after the spring has been deflected
to its solid height to remove temporary recovery of free height.
Solid Height.

S0lid height is the perpendicular distance between the plates of
the testing machine when the spring is compressed with an applied load

sufficient to bring all coils in contact,

For practical purposes, this applied load is taken to equal 1500
of the load beyond widch no appreciable deflection takes place,

Maxinum solid height, as tested, or nominal solid height, as
computed, may be specified on the drawing, Nominel solid height is
computed as total. mmber of enils mimis one-half coil, pultiplied



by bar diameter,

When souinni solid height is specified, tolerances in Table 3

apply.
Teble ? - lesdinun Solid Height Above Nominnl Solid Height, In,
RAXTMUM DEVIATION OF SOLID HELGHT,
MOKTIZL SOLID IEIGHD ABOVE NOMINAL SOLID HETGHT _
UP 7 inC]-. , 1/ 16 '
i Over 7 to 10 incl, : 3/32 =
{ Over 10 to 13 incl, ! 1/8 |
| Over 13 to 16 incl, 1‘ 5/32 |
i Over 16 to 19 incl, | 3/16 =
' Over 19 to 22 inci. ! 7/32
! Over 22 to 25 incl, i 1/
1 H
Free Height.

Ffree heizht is dctermined by placing a straightedge across the
top of the spring and ncasuring the perpendicular distance from the plate
on which the spring stands to the stresightedge at the approximate centre
of the spring.

If load is specified, free height should read "spproximate" only,
and may not be restricted by any tolerance,

If load is not specified:
free height tolerance = = (1/16 in. + 4 of free-to-solid deflcction).

Permanent Sct
Pernancit set is the loss of free heizht after the spring hes been
coapressed solill Uirce tines with the applied load svecified under solid

height deteriinction, neasured at the same point aid in tae same manner,

Pernenent sct shall not exceed 1/32 in. + 1/2% of free-to-solid
deflection,

Loaded Heizht
Loaded height is the perpendicular distance between the plates of
the testing nachine when the specified load has been applied.

Variation in looded height, with load fixed:
Loaded height tolerance = = (1/16 in. + 3% of free-to-solid deflection).

Variation in load, with loaded height fixed:
Load tolerance = =+ (1/16 in, + ¥ of free-to-solid deflection) x rate.

These height tolerances are linmited to springs with free height
not over 35 in,, not over six times free-to-solid deflection, and not
less than 0,8 times outside diameter, Tolerances for springs outside

these limits arc subject to special agreement,

Load

i

Lozd is tiie force in pounds measured on the testing machine required
to deflect the spring to the specified loaded height,



Rate
Rate is thec average load increase per inch of spring deflection,
determined between 20 and 60%: of free-to-solid deflection, unless

otherwise defincd.,

Nominal Solid Losd

Noninal solid load is the product of rate and free-to-sclid
deflection, 4s it is the theoretical nmeximum load, it may be used for
computing the corresponding stress, The solid load obtained by test
should not be used in calculations, as it is usually different from

the noninel fi-ure,

Total Number of Coils,
Total muber of coils shall not vary nore than 55 from the

nunber specifiicd,

Unifornity of Pitch

The pitcir of the colls shall be sufficiently unifora so that
vhen the soring is conpressed, unsupported laterazlly, to a height
reoresenting a deflection of 80 of the nominal free-to-solid deflection,
none of the ccils shall be in contact with one another, excluding the
inactive end coils, .hen the design of the spring calls ior variable
pitch, or wacn il is sach that the spring cannot be compressed to solid

height without l-tcrzl support, the above requirement does not apply.

Squareness of Lnis

The cnés of the bar shall be tepered to give the finished spring
a reasonsbly Iirm bearinz, The tip of the tapered bar shall be in
approxinate contact with the adjacent coil and shall not protrude nore

than 1/8 in, beyond the outside diameter of the spring.

Unless othervwise specified, the ends of any spring having an
outside diuzmeter to bar dicmeter ratio of 4 or more, and a free height
to outside diamcter ratio of 4 or less, shall not deviate more than
3 deg. from thc perpeadicular to the spring axis, as determined by
standing the soring on its end and measuring the angular deviation of
the outer heli:x fron a perpendicular to the plate on which the spring
is standing, ‘Tolerances for springs outside these limits are subject
to specizl agrecment,

When stipulated, the bearing surface of the spring end shall
be ground to produce a fira bearing. The actual ground bearing surface
shall not be shorter than two-thirds o the mean coil circumference,
nor narrower tiian half tne width er the hot tapered surface of the bar,
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APPENDLX B

HELICAL COMPRESSIOI! Ai'D EXTENSION SPRINGS
COLD COIIED JCR GENERAL AUTOMOTIVE USE-SAE J508  SAE Recommended Practice
Report of Spring Conmittee approved September 1949 and last revised June 1958.

(The following recommended practice deals with cold coiled
springs made fron round steel wire of 1/2 in, or smaller diameter, It
furnishes a systeu of dimensional tolerances for springs of average
quality as used for the najority of automotive applications. Springs
can be made to closer tolerances at en increased cost; valve springs
are a typical example, Again, springs can be made cheaper by omitting

some tolerances),

Wire Dianeter

Teble 1 - Wire Dianecter Tolerances, In

| : _, TOLERANCE, |
| __TYPE 04 VIR _ 1 WIRE DLAMETER { _PLUS OR MINUS __
.- ! 1
‘lusic Wire . Up to 0,026 inclusive 0.0003 !
! 0,027 to 0,063 inclusive 0.0005 |
1‘ { 0,064 to 0,250 inclusive 0.001
‘Carbon steel wire ' Up  to 0,075 inclusive 0.001 |
' hard drawm or | 0,076 to 0.375 inclusive 0,002 |
. oil teupered , 0.376 and larger 0.003 i
Valve spring | Up  to 0.148 inclusive 0.001 |
: quality ond 0.149 to 0.177 inclusive 0.0015 i
2lloy steel vire| 0.178 to 0.375 inclusive 0.002
| C.376 and larger 0.003

Coil Dianacter

Coil dizncter toleranccs can be specified on either the inside
diameter or the outside diameter of the coils, depending upon the
importance of the respective dimensions to the user. The tolerances to

apply are functions of the ratio of mcan diameter D of the coils to
wire dianeter d as given in Table 2, The tolerances arc to be
considcred as moanufacturing tolerances and do not take into acocount the
effects of chenges in diamcter due to applied loads,

Table 2 = Coil Diameter Tolerances, In

i““ o I DIAMsTER TOIGRANGE | PLUS OR MINUS
|___MEAN COTL DIAMATER | for D/& ratio 3 to 7,9. : For D/A ratio 8 to 15 :
1/8 or less | 0,003 i 0,004 ‘
Over 1/8 to 1/) inclusive | 0,004 | 0.005 A
Over 1/4 to 1/2 inclusive ' 0.006 . 0.010
Over 1/2 to 1  inclusive | 0.010 l 0,016 :
Over 1 to 2 .nclusive | 0,016 ' 0.025 ;
Over 2 ‘to l. lnclusive ) 0.025 | 0.042 l
Cver 4 to & inclusive | 0,042 = 0.063 !
- !
Free th

When load with tolerancc is not specifiecd, it is adviscblo to specify
the free length with tolerance, In the case of compression springs the
free length is an over~all dimension measured parallel to the axis of the
spring; for extension springs the free length refers to the length inside
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to inside of the hooks (over-all length minus two wire thicknesses).
The tolerances to apply are furctions of the ratio of mean diameter

D of the coils to wire diameter d as given in Table 3.

o Isble 3 - free Lenpth Tolerances, h.
FREE L03GLil TOIERANCE PLUS OR MINUS

ot

i

i SREE LENC'TLI _ FPor D/A ratio 3 to 7.9 |or D/d ratio 8—_5
|1/2 or less 0.025 0.040 !
pver 1/2 to 1 inclusive 0,035 | 0,050 |
Over 1 to 2 inclusive 0.050 0.080 i
Over 2 to L inclusive 0.080 0,12 :
Over 4 %to 8 inclusive 0,12 | 0.19

Over 8 to 16 inclusive 0.22 0.3

Over 16 to 32 inclusive, 0.35 0.45 .

- —

If soiving is to be compressed nearly solid, the solid height

should be specified as a naxinun dinension without tolerance.

Load and Rote

a
Table L - Load and Rate Tolerances 7

| | I0.D TOLERANCE RATE TOLERANCE, J
INUMEER OF ACTIVE COTILS | PLUS OR MINUS PLUS OR MINUS

13 or less | 15 10 !
Over 3 to 9 inclusive 10 8 i
Over 9 to 15 inclusive 8 6 |
Qver 15 7 5 :
i e J

®Mhe rate shall be determined between 20 and 60% of the total deflection
obtained without cxceeding the elastic limit of the spring.

Nunber of Coils,
In order to neet the requirements on load, rate, free length,

solid height, and position of end hooks, it is often necessary to vary
the number of coils by = 10j for extension springs and by I 5% for
coupression sprinzs, Therefore the number of coils should be specified
as on approxinate figure for reference only.

Squareness of snds.

The squ.rencss of the ends of sguared and ground coupression
springs as neasured in the unloaded position is to be nainteined within
a linit of 3 deg. with the axis of the spring.
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APPENDIX C
HELICAL SPRI'GS FOR MOTOR
VEHICLE SUSPENSION - SAE J509 SAE Recommended Practice

Report of Passenger - Car Division approved January 1938 and last revised
by Spring Committee June 1958,

(This recommended practice deels with helical comoression sorings
made from alloy steel bars which are coiled hot and are heat treated
af'ter coiling.

The scope of this recommended wractice is restricted to a concise
presentation of items which will promote ~n sdecuste understsnding
between spring maker snd spring vser of the ma-or prectical requirements
in the finished spring).

Bar Diameter

The bars required for these springs are usuzlly % to % in.in
diameter. It is customery to specify the dismeter as the decimol
dimension which works ovt most advantageously for purposes of design.
The bars sre either centreless ground (dismeter tolerance +0,002 in.)
or precision hot rolled (diameter tolerance +0.004 in.).

The bars are co.monly purchased in the exact length required
to produced one spring. The lengths vary in practice from 10 to 15 ft

and are subject to o tolerance of +3-0 in,

Coil Diamster

For purposes of dimensional control it is customary to
specify the coil diameters of these springs in terms of the inside
diameter. In general, the inside diameters very from 3 to é in.,
and tolersnces to apply are + 1/32 in. for springs up to and
including 4% in. inside dia, and + 3/64 in. for springs above
L% - in. inside dia,

Types of Spring Ends

Three types of ends are used:

1. A flat end formed from a tapered bar end. Grinding
of the outboard bearing surface is not required if the tapering and
coilin 6 are performed adequately.
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2. An untapered end coil forned substantially smaller
than the central coils of the spring and in such fashion to have
an outboard bearing surface perpendiculcr to the axis of the helix
of the spring, the so-called "pig-tail" end.

3., An untadered end coil formed as a helix having a
pitch substantially equal to the bar diameter. To facilitate
coiling, a straight end portion about 1 in,long is permitted to
oroject tangent to the helix of this end construction, the so-
called "tangent-tail" e¢nd. The use of this type of end requires
o spring seat formed at the saie pitch of helix as that of the
spring end.

Springs eon be specified to have any combination of the
three tyoes of ends. The combination of two tan:ent-tail ends
mnay involve o complex arrengement for indexing the smring seats,
unless the desigin of every spring is adjusted to an identical
nuisber of total coils,

Spring seats and ends are vsually so formed as to render

approximately two-thirds to one coil inactive at each end.

Soring Heizhts

Spring heights are measured after oreloading, as the
distance parallel to the spring axis between two reference points

spceified on the spring drawing.

Solid Height

Solid height is the cdistance between the two reference
points when the spring is corpressed “rith an epplied load sufficient
to bring all coils in contact. For practical purposes, this aj>lied
loed is token to ecual 1505 of the load beyond vhich no appreciable

deflection takes place.

Frce Height

Free hiight is the distance between the two reference
soints under no load. It is used as an approximate dimension
only.
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Loaded Hei ht

Loaded hei: ht is the distance between the two refercence
points vhilc the lord is being measured. It is a fixed refcrence

dimension; tolcrance is expressed in ter.is of load.

Preloading

Prelosding is the operation of deflecting the spring to
the solid heizht to reuove temporary recovery before the spring is
checked for load or rate. If the spring is designed to frecludc
deflection to the solid height by renson of excessive stresses,
the drawii_ may sodccify that the prelonding be confined to
defleccting the spring ot least to the ietal-to-inetal contact position

defined under section on Clerrance.

Clerrance

Clu: rance is the spriny; defloction possible in the vehicle
from the specified loaded hei_ht to the spring height attained at the
etal=to-motal co.:tact position, disregarding rubber bumpers.

Load ond Rote

T.oad ond rate arc the ter.us usually e mloyed to describe
the capecity of a s spensio.: coil soring. They are to be .jeasuvred
in terms of the forces exerted by the spring dwring compression of
the spring (compression loads), and not during relecse of' the spring
(relecse loads).

Tond

Load is the force in powds ieasvred on the testing machine
regrired to defleet the spring to the specified loaded height.
Tolerance is expressed in terms of load equivalent to a deflection
between + 1/16 to + 3/1( ot the nominal rate, depending upon the
nature of' the insteallation .

Reote

nte is half the difference between the loads neascred
1 in, above and 1 in, below the s»ecified loaded heirht.
Tolerance is + ¥. vwith centerless _round bars and * L5, vrith precision
rolled bars.



Surfoce Treat:ent

After heat trectuent, but before presetting, the springs
are shot peened in o manner to assure adecuate shot iimiicenent intensity and
coverage for opti.um fati ue life. In order to retard coirosion,

it is customnery to apply sn enamel finish to the springs.

Spring Snecii'ications

In preparing soring droawring s or specifications, the folloving
itens should be re: cirded as mandotory requirements:

Bar dicneter and tolerance

inside diometer and tolerniice

Ticaded heisht os a fixed reference di ension
Toad and tolerance

Rrte and tole—oice

Tyse of ends

laterial

Hordness ronge

Surflace trentment and i'inish

It is helpful to include in the specifications the

folloving items for pwposes of yuidance:

Approxiinte free height

Bor length and tolerance

Total number of coils

feight et metal-to-metal contact position
Solid heizht



There is an incivient wide variation in the ductility of the
\terial itself and eventually it may be desirable to use a steel more
msistent ir this respect.

SalIOW LEDGE 51T

This project is being carried out under a contract awarded by the
inistry of Lviation. The author is indebted to Messrs Kerry's
Jltrasonics) Ltd. for the loan of the ultrasonic equipment used in the
ssearch.



MR, CLARK There is some movement in the U.S.A. toward standard spring
sizes, in fact some Componies produce an assortment of springs which you
can buy in any hardwere store in a similer manner to buying wood screws,

On the engineering side there are a number of standard-size springs which
are used in the engineering business., Additionally, the Ordnance Department
of the U,S. Government are attempting to rationalise the number of spring
designs,

DR. STUMPP A similar position exists in Germany and we are trying to
establish a list of standard size springs in order to avoid the inconvenience
of making five or ten springs for a particular customer. The idea here will
be to persuade the customer to use o spring size selected from our standard
list and thereby reduce the cost to the customer and the inconvenience to

the spring manufacturer,

MR. GODDET The problem of standard size springs was studied in France
years ago. A list of standard size springs was drawm up, but unfortunately,
was not adopted but I am sure we can find copies of our recommendations and

that these can be supplied to delegates for discussion on a future occasion,

HERR HUHNEN About two years ago I had the opportunity to meet spring
manufacturers from Eastern Germany, and I was told that in Eastern Germany
they have lists of standard sized springs mainly for use in the agricultural,
tool making and other industries where the spring dimensions were not of such
prime importance. Approximately 60 per cent of the springs used were of
standardised size. All small quantities ocould therefore be obtained from
the standard sized spring lists,

DR, STUMPP I think it would be most desirable for us to produce a list of
standard sized springs on a Buropean basis, .‘thether or not we should be

successful would remain to be seen,

MR, CLARK Vie have found particularly with ordnance springs that it is
necessary to have a very long list of sizes to meet all contingencies and
the danger here from a design point of view is that some compromise might
have to be made with regard to say machine design in order that a standard
sized spring cen be fitted,

HERR WATERSTRADT I would like to add to what Herr Huhnen hes said.
In Eastern Germany the list of standerd sized springs amounts to about 1400
to 1500 types, and it is obvious that all these sizes cannot be stocked,

Some springs have still to be made to customers requirements. In Western
Germany we vizualise a list of standard sized springs made from wire of 0.5
to 10/12 millimetres in diameter, We imagine that such a list would
constitute between 350 and 400 types and in fact at the present time we are
working on this anc to help us to formulate our ideas we would be very
pleased if the French manufacturers could supply us with their document on
standard sized springs,



MR, GODLET I would like to add further to what I have said previously.
ithen we were rationalising the various spring designs we endeavoured

to keep a definite relationship between flexibility and the dimensions,
This resulted in some 730 different spring designs, but even so it was
found that designers had still to make large compromises in order to use
sclected springs from this list. Incidentally, all these springs were

made from wire sizes between 0,5 and 10 millimetres,

IR, MUHR I am aware of the situation which exists regarding the
autamobile manufacturers and quality control, but I would like to ask Mr,
Clork whether there is any document available on this subject which is

particularly directed towards the smaller consumcrs.

MR. CLARK If I understand the question correctly, it is to the
possibility of extending quality control to the smaller firm, So far, this
system of quality control applies only to the larger concerns,

MR, PETERSEN My Company are at the present time arranging to send
our own personnel to such large concerns as General Motors and Ford to
learn their ovm methods of quality control. This does vary from one

Company to another,

¥R, DUDEK Could ¥r. Clark say what quality standard is used when one

is not specified by the customer,

MR, CLARK In my Company we would work to the S.A.E. specifications but
il the customer is more familiar with the Spring Manufacturers' Institute
we might work to those, It is mmch better if you can guote some accepted

standard rather then give your ovm ideas,

MR. PETERSEN In partial answer to the question, Ford's have recently

introduced a zero quality control level which in effect means that one

part failing in a particular consignment would subject the whole shipment

to rejection,

MR. CLARK As far as suspension springs are concerned we have been
working to this zero quality control level for about a year now and believe

you me life is miserable,

DR, OTZEN I wvmas very pleased to see in your paper graphs which indicated
the percentage yield of suitable springs and how very small tolerance
requircments lead to hizh reject figures, I would be pleased to know

whether you have any further graphs to show how percentage rejects vary

for different classes of matcrial or whether there is any generasl information
vhich is readily available dealing with these points,

MR, CLLRK I know of no published information dealing vwith a yield for
different bar diameters and coil diameters, This sort of information we
obtain during our routine quality inspection, but this is not published

and is therefore not readily available,
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EFFECT OF TOLERANCE ON YIELD OF PRODUCTION RUN
OF TYPICAL SUSPENSION COIL SPRING WITHOUT
REWORK OPERATIONS
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