Submitted for recognition as an American National Standard

QA EFTheAEggineeringM S%cliety SURFACE ear ., JIEEL\é8
or Advancing Mobilit -,
W -0 Sea Air and Space}; VEHICLE
:O(ﬁontmiwgmxn': V.’\/-arlrergale’v PAAl5Ol;6 0001 R Ecg MI(\:/I ENDED Issued 1975-11
’ ’ ) PRACTICE Revised 1988-07

Superseding J1121 NOV75

(R) HELICAL COMPRESSION AND EXTENSION SPRING TERMINOLOGY

1.

2.1

211

Foreword—This d

Scope—Th
preparation
to a conci

manufacturd
obtainable v

For the bas

Report MANJUAL ON DESIGN AND APPLICATION OF HELICAL AND SPIRAL SPRINGS
which is avgilable from SAE Headquarters in Warrendale, PA.15096. A uniform method for g

information

Two types of helical springs are considered:

a. Hot

b. Colg wound compression and extension springs for general automotive use.

This recommended practice uses S| (metric) units in accordance with the provisions of SAE J
References
Applicable Publications—The-following publications form a part of the specification to the

herein. Unlgss otherwise indicated the lastest revision of SAE publications shall apply.

SAE Pusl

SAE HS
SAE J1

ocument has also been changed to comply with the new SAE Technical Standarg
b following recommended practice has been developed to assist engineers and
of specifications for the major types of helical compression and extension spring
be presentation of items which will promote an adequate understanding

r and spring user of the major practical requirements in the finished’spring. Closd
here greater accuracy is required and the increased cost is justified.

¢ concepts underlying the spring design and for many..of the details, see the

s shown in the TYPICAL DESIGN CHECK LISTS FOR HELICAL SPRINGS, SAH

coiled compression springs for general@dutomotive use as well as for motor vehic

ICATIONS-+Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096

84—Nanual on Shot Peening

J1122.

-0001.

| 3—Hard-Drawn Mechnical Spring Wire and Springs

SAE J132—0it-Tempered-Chromium-vanadiunT Valve Spring Quality Wire and-Springs

SAE J157—O0il-Tempered Chromium—Silicon Alloy Steel Wire and Springs

SAE J172—Hard Drawn Carbon Steel Valve Spring Quality Wire and Springs

SAE J178—Music Steel Spring Wire and Springs

SAE J217—Stainless Steel 17-7 PH Spring Wire and Springs

SAE J230—Stainless Steel, SAE 30302, Spring Wire and Springs

SAE J271—Special Quality High-Tensile, Hard-Drawn Mechnical Spring Wire and Springs

s Board format.
designers in the
. It is restricted

between spring
r tolerances are

SAE Information
SAE HS J795,
pecifying design

e suspensions.

D16 JUNS2.

extent specified

SAE Technical Standards Board Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences. The use of this report is entirely
voluntary, and its applicability and suitability for any particular use, including any patent infringement arising therefrom, is the sole responsibility of the user.”

SAE reviews each technical report at least every five years at which time it may be reaffirmed, revised, or cancelled. SAE invites your written comments and suggestions.

QUESTIONS REGARDING THIS DOCUMENT: (724) 772-8512 FAX: (724) 776-0243
TO PLACE A DOCUMENT ORDER,; (724) 776-4970 FAX: (724) 776-0790
SAE WEB ADDRESS http://lwww.sae.org

Copyright 1988 Society of Automotive Engineers, Inc.
All rights reserved.

Printed in U.S.A.


https://saenorm.com/api/?name=fecb228ff7b0846ffa625d6425a66287

SAE J1121 Revised JUL88

3.1

SAE J316—Oil-Tempered Carbon-Steel Spring Wire and Springs
SAE J351—O0il-Tempered Carbon-Steel Valve Spring Quality Wire and Springs
SAE J461—Wrought and Cast Copper Alloys

SAE HS

J795—SAE Manual on Design and Application of Helical and Spiral Springs

SAE J808—Manual on Shot Peening
SAE J916—Rules for SAE Use of SAE (Metric) Units
SAE J1122—Helical Springs: Specification Check Lists

Hot Coiled Springs

Materials and Heat Treatment—Round sprlng steel bars are avallable in carbon and aIon analyses. The bars

are generally

may be cent

The heat tre
by direct qu
critical, then
produce the

Table 1 listg
torsional pro

erless ground before coiling.

htment necessary to develop the required physical properties of the materialkmay
bnch immediately after coiling, or by allowing the coiled spring to cool to.a tempe
reheating to the required temperature and quenching; the quench.is/followed
specified hardness.

available materials. Their hardenability limitations dictate~maximum bar size.
perties, see MANUAL, SAE HS J795, Chapter 2, Table 2.21.

TABLE 1—MATERIALS FOR HOT COILED*COMPRESSION SPRINGS

Max. Bar®
Materials Specification Dia., mm

Carbon Steels SAE 1085 10
SAE 1095 10

Carbon Borop-Steel SAE 15B62H 25
Alloy Steels SAE 5150 H 10
SAE 5160 H 20

SAE 9260 H 10

SAE 51B60H 30

SAE 4161 H 60

SAE 6150 H 10

1. Based on athrough hardened bar of 444 HB typical
hardness ranges are 444 - 495 HB and
461 - 514 HB.

rolled), but they

pe accomplished
rature below the
by tempering to

For tensile and
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3.2

3.3

3.3.1

Shot Peening—Shot peening is used to increase the fatigue life of springs. It consists of subjecting the spring
to a stream of metallic shot moving at high velocity. The peening action of the shot reduces the effect of
surface defects and sets up beneficial stresses in a thin surface layer. It also results in cold working this layer.
To be effective, the peening must reach the area of highest stress which for helical compression springs is the
inside diameter of the coil.

The fatigue life of hot coiled springs is greatly impaired when the bar surface is afflicted by such flaws as
impurities, cracks, seams, or decarburization, but it can be increased by the peening operation in the order of 4
to 1. Even the much better fatigue life attainable in hot-coiled springs with nearly perfect bar surface will be
improved by peening in the order of more than 2 to 1. For further details see MANUAL, SAE HS J795,
Chapters 1 and 4, also SHOT PEENING MANUAL, SAE HS 84 J808.

Presetting—{-Presetting (also called scragging, cold setting, or bulldozing) is an opergtion during the
manufacturing process in which the spring is compressed beyond the yield point of theCheat freated material.
In preparatign for this, the spring is coiled to a free length in excess of the designatedree length. The yielding
in the surfage layers of the bar which occurs during presetting produces beneficial residual stresses, thus
increasing the elastic limit and thereby reducing the chances of settling in subsequent servige. The yielding
causes the ppring to take a permanent set, thus bringing it down to the designated free lgngth. See also
Preset Length, 3.6.3.
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FIGURE 11—TYPICAL LOAD-DEELECTION DIAGRAM OF HELICAL SPRING DURING PRESETTING

WARM SETTING—In order tareduce the "sag" of "settling" of helical suspension springs whjch occurs when
they are spibjected to vehigle loading over time, it has become common practice to warm sef the spring at an
elevated temperatureusually about 200 °C depending on the particular spring design). Qne theory holds
that the mpjor benefit of this operation results from an increase in the amount of strain hardening that occurs
when the ppring IS stressed past the proportional limit (point "A" in Figure 1). Increasing [the temperature
lowers thel propartional limit to some stress lower than point "A", and therefore if the spring if still stressed to
point "B", {he;amount of strain hardening that occurs is greater. This increase in strain hardgning will reduce
the dynamic or static settling (load loss) that occurs over the useful life of the spring.

A second theory is that a more effective beneficial residual stress pattern is set up over the bar cross section,
when a spring is warm set at elevated temperature.

It should be noted that a final (cold) presetting operation is still necessary.

In general, warm setting will decrease the load loss by more than 50%, depending on the working stress
level.
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3.4 Bar Diameter and Length—Round bars are hot rolled to any desired diameter between 9 and 100 mm. Table
2 shows the cross section tolerances for commercial hot rolled bars. Bars may be precision hot rolled with 50%
of the tolerances in Table 2, or they may be centerless ground with 25% of the tolerances in Table 2.

Bars are commonly purchased in the exact length required to produce one spring. Tolerances for bar lengths
are shown in Table 3.

TABLE 2—CROSS SECTION TOLERANCES FOR HOT ROLLED CARBON
AND ALLOY STEEL ROUND BARS

Specified Specified Tolerance, Out of
Diameter, mm Diameter, mm  Plus and Minus, Round,

Over Thru mm mm

— 10 0.15 0.22

10 15 0.18 0.27

15 20 0.20 0.30

20 25 0.23 0.34

25 30 0.25 0.38

30 35 0.30 0.45

35 40 0.35 0.52

40 60 0.40 0.60

60 80 0.60 0.90

80 100 0.80 1.20

TABLE 3—LENGTH TOLERANCES FOR HOT ROLLED CARBON
AND ALLOY.ROUND STEEL BARS

Length Tolerance, Length Tolerance, Length Tolerance)
Plds Only, mm Plus Only, mm Plus Only, mm
Specified Specified For Lengths, mm For Lengths, mm For Lengths, mm)|
Dlameter, mm  Diameter, mm Over 1500 3000

Over Thru Thru 3000 —
— 25 12 20
25 50 16 25
50 100 25 40

3.5 Coil Diametler—The-coil diameter can be expressed in terms of the mean coil diameter (D)

the rate ang
diameter (I0

stress/formulae. However, coil diameter tolerances should be specified on
)(or'the outside diameter (OD) of the coils, depending upon the importance g

which is used in
pither the inside
f the respective

dimensions

41 Tl 1 - 4l ! R " ! : !
U UIC USTT.  TUICTAIILES Al STTUWITITT TAUIC &, UdSTU UIT LU UIAITITET artu Sprify |\.I’lgth

For motor vehicle suspension springs, it is customary to specify the ID in order to facilitate the coiling of a
family of springs on a single arbor.
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TABLE 4—COIL DIAMETER TOLERANCES

Inside or Outside In
Diameter

Tolerance,

Inside or Outside
Diameter
Tolerance,

Inside or Outside
Diameter
Tolerance,

Inside or Outside
Diameter
Tolerance,
Plus and Minus, mm
For Free Spring
Length, mm
Up to
250

For Free Spring
Length, mm
Over
250 thru
450

For Free Spring
Length, mm
Over
450 thru
650

For Free Spring
Length, mm
Over
650 thru
850

For Specified or
Computer Outside
Diameter, mm

side or Outside
Diameter
Tolerance,

Plus and Minus, mm Plus and Minus, mm Plus and Minus, mm Plus and Minus, mm
For Free Spring

Length, mm
Over
850 thru
1050

75.0 thru 1
Over 110.0 thru 1
Over 150.0 thru 2
Over 200.0 thru 3

0.0
0.0
0.0
0.0

0.8
13
25
3.6

1.3
25
3.6
4.6

2.5
3.6
4.6
5.6

3.6
4.6
5.6
6.6

4.6
5.6
6.6
6.6

3.6 Spring Lengths—Spring lengths are to be measured after preloading (see Ptelead Lengt
distance paI%IIeI to the spring axis between the end surfaces, or else between‘two reference
on the spring drawing.

3.6.1 FRee LENgTH—Free length is the length when no external load.is applied. When load i

length is dised as a reference dimension only. When load isyhot specified, free length f{

+(1.5 mm [+ 4% of free-to-solid deflection).

3.6.2 SoLID LEN

with an ap

equal app

GTH (SEE ALSO NUMBER OF ColLs, 3.7)—Solid tength is the length when the sprin
plied load sufficient to bring all coils in contagt; for practical purposes, this applied
oximately 150% of the load beyond whieh*no appreciable deflection takes place.
3.6.3 PRESET LE
However,
operation

NGTH—In the presetting operation~(see Presetting, 3.3), the spring is usually cq
f the stress at solid length is sohigh that the spring would be excessively distorte
Mmay only be carried to a specified preset length. If more than one preset compre

this must e specified on the drawing. )See Also MANUAL, SAE HS J795, Chapters 1 and 4.

3.6.4 PRELOAD |

remove te

ENGTH—Preloading-is*the operation of deflecting the spring to the preload le
mporary recovery-of-free length before the spring is checked for load and rate.

If the spripg was preset during the manufacturing process to the solid length, the preload
carried to fthe solid lehgth, but it may be restricted to a preload length slightly greater than
provided the maximum deflection during subsequent service will not go below the preload I

If the sprin

n, 3.6.4), as the
points specified

5 specified, free
olerance equals

) is compressed
load is taken to

mpressed solid.
d, the presetting
ssion is desired,

ngth in order to

ng may also be
the solid length,
ngth.

dg-was preset to a specified preset length greater than the solid length, the prelg

ading should be

restricted {0 a preload fength greater than the preset lengtn.

However, the preload length must not exceed the minimum spring length possible in the mechanism for

which the spring is designed. In suspensions, this is called the "length at metal-to-meta

| position." The

metal-to-metal contact will occur in the suspension mechanism when rubber bumpers are disregarded. The
spring deflection from the specified loaded length to the metal-to-metal position is called "clearance."”

3.6.5 LoaDED LENGTH—Loaded length is the length while the load is being measured; it is a fixed

the tolerance applied to the load.

dimension, with
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3.7 Number of Coils—Total number of coils (N;) are counted tip to tip, active number of coils (N) are specified as
the number of working coils at free length. With increasing load, N may progressively decrease due to the
"bottoming out" effect. If no appreciable bottoming out occurs, the relationships between N and N; are as
shown in Table 5 which also gives the formulae for nominal solid length.

Since nominal solid length may be exceeded somewhat by actual solid length due to manufacturing variations,
a frequent practice is to specify nominal solid length together with a maximum solid length, as shown in

Table 6.
TABLE S—FORMULAE FOR TOTAL COILS AND EQOR NOMINAL SOLID LENGTH
Nominal
End Configuration Total Coils (Ny) Solid Length (Lg)

Both ends taper rolled N+2 1.01d (Ng- 1) + 2t
Both ends with tangent tail N +1.33 1.01d (Ny+1)
Both ends with pigtail N + 1.50 1.01 d (N 4.1.25)
Taper rolled plus tangent tail N+ 1.67 1.01dN{+1
Taper rolled plus pigtail N+1.75 1.016h\(Ny- 1) +t
Tangent tail plus pigtail N+ 1.42 101 d N;

where

d = bar fliameter
t = tip thjckness of taper rolled bar

1.01 = factor used to compensate for the cosine €ffect of the coil helix angle

The bracketed term in the solid length formula for*springs with two pigtail ends may vary bety

and (N; — 1.60), depending on the pigtail details:

TABLE.6-SPRING SOLID LENGTH TOLERANCES

Nominal Solid

Nominal Solid

Maximum Deviation of

veen (N; — 0.90)

kength, mm Length, mm Solid Length Above

Over Thru Nominal Solid Length, mm
— 175 1.5

175 250 25

250 325 3.0

325 400 4.0

400 I75 T8

475 550 5.5

550 625 6.5
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3.8 Spring End

A flg
and

mor
Wh¢

s—Four types of ends are used (Figure 2):

© W ©

TWO TAPER ROLLER ENDS

WA I

-{-@\\ B ‘ :
| v
ONE FLAT TANGENT TAIL AND ONE TANGENT TAIL END

© W\ @

TWO PIGTAIL ENDS

FIGURE 2—TYPICAL ENDS FOR HOT COILED.COMPRESSION SPRINGS

t end formed from a tapered bar end. The barend is usually tapered for a length

e than 20% of the bar diameter.
n stipulated, the bearing surface:of.the spring end shall be ground perpendicular

to a tip thickness of approximately 1/3 of the’bar diameter. When the spring is cd
be in approximate contact with the adjacent.coil and shall not protrude beyond the out]

equal to 2/3 coil
iled, the tip shall
Side diameter by

lo the axis of the

spring helix in order to produce a firn bearing. The actual ground bearing surface shall not be shorter

thar

surface of the bar.

are

fash
calle

facil
this
seat

An Untapered end coil formed substantially smaller than the central coils of the sprin

An Uintapered_end-coil formed as a helix having a pitch substantially equal to the b
tate coiling/ a straight end portion about 25 mm long is permitted to project tangs
end construction, the so-called "tangent tail" end. The use of this type of end 1
formed at the same pltch of heI|x as that of the sprmg end.

two-thirds of the mean coil.circumference, nor narrower than half the width of
However, this grinding is usually not required if the tapering and ¢
berformed adequately.

ion as to have ah outboard bearing surface perpendicular to the axis of the spri
d "pigtail" end.

An

the hot tapered
piling operations

g and in such a
ng helix, the so-

ar diameter. To
nt to the helix of
equires a spring

umference of at

Ieast 220 deg the So- called fIat tangent ta|I end. To facilitate comng a stralght end portion about
25 mm long is permitted to project tangent to the outer circumference.

Springs can be specified to have any combination of the four types of ends. The combination of two tangent
tail ends may involve a complex arrangement for indexing the spring seats, unless the design of every spring is

adjusted to an identical number of total coils.

Springs for general automotive use genera

lly have two flat

tapered ends. Spring ends and seats are usually so formed as to render approximately two-thirds to one coll
inactive at each end.
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3.9

3.10

3.11

3.12

3.13

3.14

Squareness of Ends—Unless otherwise specified, the tapered ends of any spring having an outside diameter
to bar diameter ratio of 4 or more, and a free length to outside diameter of 4 or less, shall not deviate more than
3 deg from the perpendicular to the spring axis, as determined by standing the spring on its end and measuring
the angular deviation of the outer helix from a perpendicular to the plate on which the spring is standing. In the
case of a tangent tail end, the spring must stand on a seat with matching helical ramp. Tolerances for springs
outside these limits are subject to special agreement.

Load—Load is the force in newtons (N) measured on the load testing machine required to deflect the spring to
the specified loaded length. It is to be measured during compression of the spring (compression load) and not

during release of the spring (release load), unless otherwise specified.

With loaded

la

ssed in terms of

load equival
the cost of a
the nominal

In the sprin
+(1.50 mm +
length does
0.8 times the

Rate—Rate

In the spring
deflection (N
25 mm aboV
precision rol

In the spring
unless othe
+10%.

Direction of
is preferred

the case of (
directions fdq
installation g

Uniformity

spring is compressed, unsupported laterally, to a length representing a deflection of 80% of {]

to-solid deflg

length-fixed—the—usualteleranceformotorvehicte-SHsSpensien—SprRgSS—expre
bnt to a deflection of £5 mm at the nominal rate. Where the demand for greater a
dditional presetting or other operations, the load tolerance may be specified @s-ow
rate.

ps for general automotive use, the load tolerance (with loaded 'length fixed)
3% of free-to-solid deflection) © nominal rate. This tolerance is\limited to spring
not exceed 900 mm, does not exceed six times the free-to-solid deflection, and
b OD.

is the change of load per unit length of springs deflection (N/mm).
s for motor vehicle suspension, the rate is expréssed in terms of the load incrg
/25 mm). It is therefore determined as ong-half the difference between the
e and 25 mm below the specified loaded length. Tolerance is £3% with centerles
ed bars, and +4% when commercial hot rolled bars are used.

s for general automotive use, the rate is determined between 20 and 60% of th
wise defined. Typical tolerance™is +5%. In non-critical applications, this may

because most spring‘manufacturers are so equipped. When direction of coiling is

r adjacent springs.
onditions.

For tangent tail springs, the direction of coiling must c

pf Pitch—The pitch of coils in a compression spring must be sufficiently uniform

ctien, none of the coils must be in contact with one another, excluding the inactiv

curacy warrants
as £1.50 mm at

typically equals
s where the free
is not less than

base per 25 mm
oads measured
s ground or with

b total deflection
be increased to

Coiling—For most applications, the direction of coiling is unimportant; however, fight hand coiling

important, as in

oncentrically nested.springs, it must be specified or each component spring, maintaining opposite

bnform with the

50 that when the
he nominal free-
p end coils. This

requirement

! - 1 1 ") ! : ray H T el ) ! H
UUTS TIUU apply WIHETT UTe UcsSiyrm U Uic SPIimy Lalis 101 valialic PIitell, Ur WriieTT 1t

spring cannot be compressed to solid length without lateral support.

Shaped and Variable Rate Coils—Many newer

motor vehicle applications

is such that the

require specially shaped

suspension coil springs, or springs with variable output characteristics. The coils which are specially shaped
usually exhibit a partially conical or barrel form in order to satisfy restricted height, tire clearance, or other
suspension requirements. In some cases, the ends of the spring may be offset in order to provide off center
loading for suspension strut applications.
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3.15

4.1

4.2

4.3

With regard to variable output characteristics, some springs are designed to provide a variable rate and
corresponding frequency change, for improved height control, ride and handling. The variable rate
characteristic is achieved by designing and producing the spring with very specific oil spacing such that active
coil segments "bottom out" against a spring seat or against each other as the spring is deflected, thereby
decreasing the effective number of active coils and increasing the rate. This effect is achieved with the greatest
material and space efficiency if the bar is conically tapered over the length of the coils which bottom out. It
should be pointed out, however, that special equipment is required to conically taper the bars. Also, it is
important to not that coil-to-coil or coil-to-seat contact can cause undesirable noise.

Concentricity of Coils—At free length, the center of all coils must be concentric with the spring axis within
1.5 mm. This axis is the straight line connecting the centers of the end coils.

Cold Wound Springs
Material—Round wire sizes and tolerances may be found in the individual wire specifications,|such as:
Music Wire SAE J176
Carbon [teel Spring Wire - Oil Tempered SAE J316
- Hard Drawn SAE J113
- Special Quality High
Tensile Hard Drawn SAE J271
- Valve Spring Quality
Oil Tempered SAE J351
- Valve Spring Quality
Hard Drawn SAE J172
Chromiym Vanadium Wire - Valve Spring Quality SAE J132
Chromiym Silicon Alloy Steel Wire SAE J157
Stainlesp Steel Wire, SAE 30302 SAE J230
Stainlesp Steel Wire, 17-7 PH SAE J217
Phosphor-Bronze Wire, SAE.CA510 SAE J461
Beryllium-Copper Wire, SAE'CAL172 SAE J461
Brass Wire, SAE CA260 SAE J461
Silicon-Bronze Wire, SAE CA655 SAE J461
Shot Peenipg—Shot.peening is used to increase the fatigue life of springs. It consists of subjecting the spring
to a stream|of métallic shot moving at high velocity. The peening action of the shot reduges the effect of
surface defects and sets up beneficial stresses in a thin surface layer. It also results in cold working this layer.
To be effecti i i i i ion and extension

springs is the inside diameter of the coil.

Even when the wire surface is virtually flawless, the fatigue life of the cold-wound spring can be increased by
peening in the order of more than 2 to 1. See MANUAL, SAE HS J795, Chapter 1, also SHOT PEENING
MANUAL, SAE HS 84 J808.

Presetting—The need for presetting depends upon the design stresses, the application and its conditions and
requirements. Then use of presetting is most beneficial when design stresses are at or near the yield point,
and settling prevents the spring from performing as required.



https://saenorm.com/api/?name=fecb228ff7b0846ffa625d6425a66287

SAE J1121 Revised JUL88

4.4

4.5

451

45.2

Presetting is an operation that is performed during the manufacturing of helical compression springs in which
the spring is compressed beyond the yield point of the material. The yielding of the surface layers of the wire
which occurs during the presetting produces beneficial residual stresses, thus increasing the elestic limit of the
spring and thereby reducing the chances of settling in subsequent service. The spring is coiled to a free length
in excess of the designated free length. The yielding causes the spring to take a permanent set, thus bringing
it down to the required free length.

The presetting operation may be performed at ambient temperature, called cold setting, or at some elevated
temperature, called either heat setting or hot pressing. Heat setting consists of compressing the spring on a
fixture, subjecting the compressed spring to a temperature higher than the desired operating temperature for a
time suitable to insure complete penetration of the heat, and then cooling to room temperature before
releasing.

Hot pressing
to insure co
below the in

consists of heating the spring in its free or relaxed position to some temperature for sufficient time
mplete penetration; then, while the spring is at the temperature, it is compressed to some height
stalled or operating position and released.

Coil Diameter—Coil diameter tolerances can be specified on either the inside” diameter (ID)) or the outside

diameter (Q
Tolerances 3
They are to

D) of the coils, depending upon the importance of the respective dimensio
re functions of the "Spring Index", which is the ratio of mean-coil diameter (D) to
be considered as manufacturing tolerances and do not take into account the effe

ns to the user.
ire diameter (d).
ts of changes in

diameter du¢ to applied loads. See Figure 3 and Figure 4.
Spring Lengths—Spring lengths of compression springs are.overall dimensions measured parallel to the axis
of the spring.

Spring lengths of extension springs are measured inside to inside of the hooks (overall length minus two wire
diameters).

FREE LENG
reference
purposes

TH—Free length is the length_under no load. When load is specified, free length is used as a
dimension only. When load_is*not specified, free length is specified for contrgdl and inspection
Dy using Figure 5 for compression springs and Figure 6 for extension springs.

The tolerahces in Figure 3 arehased on the number of active coils (N), the free length (L), and the spring
index (D/d). With these parameters known, the N/L, value is established on the abscissa, gnd the tolerance
is found by multiplying the corresponding ordinate value by L,. Round off the index to the nearest whole
number and interpolate, When this is an odd number. The tolerances shown in Figure 5 arg for springs with
ends closed and gratnd. For springs with the ends closed but not ground, multiply by 1.7.

SoLID LENGTH.(SEE ALSO NUMBER OF COILS, 4.6)—In compression springs, this is the leng
coils closgd_to be specified as a maximum dimension allowing the manufacturer any tolerance required by
the variati T WireSize; its; i ; 7 f i
wire diameter and must be considered.

For springs with ground ends, the maximum solid length is the total number of coils times the wire diameter;
for springs with ends not ground, the solid length is the total number of coils plus one, times the wire
diameter.

-10-
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FIGURE|3—COIL DIAMETER TOLERANCE - COMPRESSION AND EXTENSION SPRINGS FOR
WIRE SPRINGS FOR WIRE DIAMETERS 0.30 TO 9.50 mm. ROUND OFF INDEX TO NEAREST
WHOLH NUMBER” INTERPOLATE WHEN THE ROUNDED-OFF VALUE IS AN ODD NUMBER.
USE TOLERANCE FOR 0.30 mm WIRE DIAMETER WHEN WIRE DIAMETER IS LESS THAN 0.30 mm.
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FIGURE 4—-COIL DIAMETER TOLERANEE- COMPRESSION AND EXTENSION SPRINGS FOR WIRE
DIAMETERS 9.5 TO 16.0 mm- \ROUND OFF INDEX TO NEAREST WHOLE NUMBER.
INTERPOLATE WHEN ROUNDED-OFF VALUE IS ODD NUMBER.
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FIGURE 5—FREE LENGTH TOLERANCE - COMPRESSION SPRINGS. ROUND OFF|INDEX
TO NEARBST WHOLE NUMBER. INTERPOLATE WHEN ROUNBED-OFF VALUE IS ODO NUMBER.
THESE ARE TOLERANCES FOR SPRINGS WITH ENBS CLOSED AND GROUNP.
FOR SPRINGS WITH ENDS CLOSED BUT NOT-GROUND, MULTIPLY BY 1.7.
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FIGURE 6—FREE LENGTH TOLERANCE - EXTENSION SPRINGS
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454

455

4.6

PRESET LENGTH—ATfter the compression spring has been coiled to a free length in excess of the designated
free length, it is compressed solid or to a specified preset length; this produces yielding, which results in
bringing the spring to the designated free length. If more than one preset compression is desired, it must be
specified on the drawing. See also MANUAL, SAE HS J795, Chapters 1 and 4.

LoADED LENGTH—This is the length while the load is being measured. It is a fixed reference dimension, with
the tolerance applied to the load.

MAXxIMUM EXTENDED LENGTH—EXxtension springs normally do not have a definite stop to their deflection,
therefore the drawing specifications should include a statement of the maximum extended length which must

be attaine

Number of

the requirenients on load, rate, free length, and solid length. Therefore, the number of cgils-sh

d without encountering permanent set.

Coils—In compression springs, it is often necessary to vary the number of cails

in order to meet
puld be specified

as an apprgximate figure. For reference only, the tolerance for the number of cgils is given in Table 7
compression springs and in Table 8 for extension springs. It is expressed in degrées as a function of the

number of a

In extension
specified, bu
there is alwg

Ctive coils.

TABLE 7—NUMBER OF COILS TOLERANCE OF COMPRESSION SPRINGS

Active Coils Tolerance, + deg
3-10 45
For each additional 10 coils, add 30

TABLE 8—NUMBER OF COILS TOLERANCE OF EXTENSION SPRINGS

Tolerance, + deg  Tolerance, + deg

Active Coils Close Wound Open Wound
3 30 90
4-10 45 90
For each additional 10 coils, add 15 30

t only as an-approximate figure. In computing the length over coils, it should beg
ys one mer&.wire diameter in the length than the number of coils in a close-woun

springs, either, the’number of coils in the body of the spring or the length over the coils may be

recognized that
 spring.
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4.7 Spring Ends—In compression springs, there are four typical end configurations (Figure 7):

FREE LENGTH 10 TOTAL COILS SHOWN
| GROUND SECTION

ga. 3 /:ﬂ-:w
ot \leE ©

! R ¥ ol [T}
23 3=
o< <32
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L] -

WiR OILS

Y\

A4

C—PLAIN ENDSIGROUND D—PLAIN ENDS

FIGURE 7—+TYPICAL ENDS OF HELICAL COMPRESSION SPRINGS

Plain end (with the*end coil having the same pitch as all other coils);

Plain end ground (the end surface being ground perpendicular to the spring axis);
Cloged end“(with the tip of the wire contacting the adjacent coil);

4. Cloged and’ground end (the closed end being ground perpendicular to the spring axis).

wn e

The ungrou tends may betsed-forreasonsofecot oMYy, btit thcy yivc eccentrie :uading with-Some increase in
maximum spring wire stress and space required. The plain ends similarly produce eccentric loading and
additionally present a handling problem due to springs tangling together.

In extension springs, many types of hooks, loops, eyes, etc. are used (see MANUAL, SAE HS J795, Figure
3.3). Details such as hook opening restraint of the loop within the body diameter should be specified on the
drawing. The position of hooks relative to each other can be in line, at right angles, or at any other angular
position as required. If this relative position is important, the spring drawing should emphasize the importance
by a statement as well as by pictorial representation. Sharp bends in forming the end hooks should be avoided
because they produce stress concentrations.
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4.8

4.9

4.10

411

412

Squareness of Ends—In compression springs with closed and ground ends, the squareness of the ends, as
measured in the unloaded position, is to be maintained within a limit of 3 deg with the axis of the spring.

Load—Load is the force in newtons (N) measured on the load testing machine required to deflect the spring to
the specified loaded length.

For compression springs, the load is to be measured during compression of the spring (compression load)
unless otherwise specified. Tolerances are shown in Figure 8 as functions of the nominal free length tolerance
(Figure 5) and the deflection from free length to loaded length. Round off the percent load tolerance values to
the next larger whole number. Interpolate when this is an odd number and when it is between 8 and 20%.

For extensi

PN TP Al anciira apdia—ItIalaranecac

the product
Figure 9B.

Cold coiled
separate thg

Rate—Rate
between 20
Figure 10.

Direction of
is preferred

Uniformity

H tha laa o ta ba oo ddiurina oviancion of tha o
moPTY S, e ot TS to Dt TC oSO C U OO g~ CATC T STOTT O thiC—SpPTg T ToriCTarict S

of the appropriate tolerance factor from Figure 9A and the appropriate multip
pxtension springs may be wound with tension between the coils so that'aload m
m, the so-called initial tension in the spring.

is the change of load per unit length of spring deflection (N/imm). The rate is t
and 60% of the total deflection. Tolerances depending on the number of active

because most spring manufacturers are so equipped.

pf Pitch—The pitch of coils in a compressiah ‘spring must be sufficiently uniform

spring is compressed, unsupported laterally, to a length representing a deflection of 80% of {]

to-solid deflg
requirement

ction, none of the coils must be in contact with one another, excluding the inactiv
does not apply when the design of the spring calls for variable pitch, or when it

spring cann@t be compressed to solid length without lateral support.

are computed as
ying factor from

st be applied to

Db be determined
oils are given in

Coiling—For most applications, the direction of ceilifg is unimportant; however, fight hand coiling

50 that when the
he nominal free-
b end coils. This
is such that the
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