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MILITARY STANDARD

1. SCOPE

1.1 SCOPE. This standard illustrates the ap-
proved method of drawing, dimensioning, and
specifying spring data on detail drawings
of each type of mechanical spring described
herein, Adherence to this standard is man-

datory in the preparation of drawings pre-
pared by or for the Department of Defense.
Appendix A contains material, design and
manufacturing data representative of mod-

&n spring suginoering. It 5 imcluded herein

for guidance and comvenience omly and com-
taing no mandatory provisions,

1.1.1 Types of Springs. The types of springs
described in this standard are:

1.1.1.i Compression.
() Helical, Cylindrical; (b) Helical,
Stranded Wire; (c) Volute; (d) Coned Disc

1.1.1.2 Extension.

(s) Helical

1.1.1.3 Torsion.
(a) Helical; (b) Torsion bar; (c) Spiral

1.L1.5 Constant forpe.
(a) Flat Strip

1.1.1.6 Garter.
(a) Helieal

1.2 PURPOSE. The purpose of this stand-
&rd is to establish uniform methods of speci-
fying end produc: data for mechanics!

IREMENTS FOR MECHANICAL SPRINGS

springs on drawings prepared by or for the
Department of Defense.

Z. REFERENCED DOCUMENTS
2.1 NOT APPLICABLE

3. DEFINITIONS

3.1 MECHANICAL SPRING. An elastic body
whose mechanical function is to store energy
when deflected under load and return the
equivalent amount of energy upon being re-
Jeased.

3.2 LOAD. The force exerted upon or by a
spring in order to reproduce or modify mo-
tion or to maintain a force system in equili-
brium. A static load isslowly applied and does
not subject a spring to fatigue. A dynamic
load is either a suddenly applied load or one

that causes impact due to kinetic energy. It

also may be frequently repeated, thus

PO A L il 1€l

shortemng fatigue life.

33 TOTAL DEFLECTION. The movement
of a spring from free positian to its maxi-

muam ol‘)ernung ]‘;louuo'x‘x In & compression
spring, it iz the deflection from the Free

[ glis 4 -2

Length to the Solid Length.

3.4 DEFLECTION PER COIL. The total de-
fiection of the spring divided by the number
of active coila.

3.5 SET. The permanent distortion from the
manufactured dimensions which occurs when
the spring is stressed beyond the elastic limit
of the material.
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coils plus the coils forming the ends, (Com-
pression Springs),

3.8 SOLID LENGTH. The overall length of
a compression spring when all coils are fully

comnresead

W aas gra e wne

3.9 FREE LENGTH. The overall length of
a spring in the unloaded position.

3.10 PITCH. The distance between centers
of adjacent active coils of a spring in the
unioaded poaition.

3.11 INITIAL TENSION. A load wound into
certain helical extension springs during the
coiling operation which keeps the coils
tightly closed and which must be exceeded
by an applied load before the coils begin to
open.

3.12 SPRING INDEX. The ratio of the mean
spring diametar to the diameter of the wire.

Spring index=D/dm 0D d—" = _1ID ;'d

3.13 SPRING RATE. The load required to
deflect a compression or extension spring one
inch or the load required to deflect a torsion
spring one degres or one revolution. Also
referred to as “Scale,” “Gradient” and “Load
Factor.”

3.14 TORQUE. A turning force about an
axis multiplied by the distance from the
load to the axis, usually expressed in pound-
inches (LB IN.) or in ounce-inches (OZ IN.)
and always used in conjuncion with the num-
ber of degrees of rotation, number of revolu-
tions or deflected position.

3.15 SPRING TOLERANCE. The permissible
variations from a given dimension.

3.16 FACTOR OF SAFETY. The ratio of the

— e el e ac e l--‘ ™y ﬁ‘f-‘-- o S’dmia w{ﬂiov‘t

permanent set to the maximum applied load.

3.17 DIRECTION OF HELIX. When a spring

is viewed from one end, the direction of helix
is right hand when the coil recedes in a
clockwise direction, and left hand when it
recedes in a counterclockwise direction. A
right hand helix follows the same direction
as the threads on a standard screw. A left
hand helix is most popular for compression
and extension springs.

3.18 REFERENCE DIMENSION. A refer-
ence dimension is a dimension without
ance which is entered on a drawing for in-
formational purposes and which does not
directly govern manufacturing or inspection
operations. Reference dimensions are indi-
cated on drawings by writing the abbrevia-
tion REF directiy following or under the
dimension.

+alaw_
WaGa =

8.19 STRESS RELIEVE. To subject springs
to a low temperature heat trestment after
coiling or bending to remove residual stresses
caused by the forming operation. Also called
“gtrain relieve”, “stress equalizing”, “tem-
pering”, “blueing” and “baking”.

3.20 RANGE OF STRESS. The difference be-
tween the stress at maximum and minimum
loads.

8.21 HARDEN. To cause a materiai to be-
come harder by heat treatment. Spring steels
are heated above the critical temperature
and quenched in oil. Precipitation hardening
alloys such as Beryllium-Copper, K-Monel
and Inconel X are heated at elevated tem-
peratures for extended periods of time.

322 ENDURANCE LIMIT. The maximum
stress or range of stress at which a material
will operate indefinitely without failure. This

limit for springs is usually determined at
10,000,000 cycles of deflection.

3.23 ELASTIC LIMIT, The maximumx airess
he aukbi=2osad

wY ey, s e

without causing a permanent set. Also th2
stress beyond which a material must be suz-
jected to form a coil, radius or berd.

to which a material may
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.24 MODULUS OF RIGIDIT L. The measure
of elastic ability. A mathematical constant
expressing the stiffnesr. rigidity, elasticity

and flexibility of a material. Also called “mo-
dulus of elasticity” and ‘‘Young modulus”.

4. GENERAL REQUIREMENTS

4.1 Not Applicable

5. DETAIL REQUIREMENTS

5.1 GENERAL. Figures 2(a) through 2(d),
4 (a) through 4(d), 7, 10, 12, 18, 14, 16, 17
and 18 are Drawing Requirement Charts
iliustrating approved methods of drawing
and dimensioning the various types of

anwines listad inm mowaswanh 11 1 and inalnnda
GELIGED LDSLCU Ml PRALORIGANI Aeded BRIU IMLIVUT

compilations of spring data to be used as
applicable when prescribing manufacturing
- information on detail drawings of mechani-
cal springs. The inclusion herein of these
charts shouid nor. be interpreted as resirict-
iﬁf the SCope of apxsu; b‘x‘mn\‘fm“ssucs to be
specified on engineering drawings delineating
springs. The specxﬂcahon of correct and
complete manufacturing data is the respon-
sibility of the cognizant Design Activity.
Figures 19 thru 30 m exampies of typical
detail druwuxga ot apxmxn u}unuuuuf the

application of the information included on
the charts.

5.1.1 Deiineation. The simpiified drafting
methods shown on the Drawing Reguircment
Charts and the typical detail drawings, e.g.,
Figures 2(a) and 19, are generally satisfac-
tory for depicting helical springs.

5.2 SPECIFICATIONS APPLICABLE TO
ALL SPRINGS:

5.2.1 Material specifications, Material Speci-
fications are designated in the space pro-
vided fn the title block on the drawing. When
such space is’ inadequate enter therein “SEE

NOTE” and describe the material require-

-— b Sem

-l
WSTLS 10 & ‘cuc&al uuu:.

5.2.2 Diameter cof wire. Wira diameter, or

3

MIL-STD-29A

width an thickness of material, shall be
designated in decimals, or common fractions
of an inch aa nnnhmhla and unleas other-

=555 = I -y - S e eewa

wise specified, all dimensions apply before
plating or applying finishes. Such dimensions
are used to avoid confusion resulting from
various gage numbering systems in current

use. However, they should conform with the

anneranriata mrabarmawile 1oad i L\n LLn
SPPICPriate gage CUSUWCmaruy used

material specified, whenever possible. For
ojil tempered and corrosion resisting steels
such diameters should conform wich the
U. S. Steel Wire Gage, which is the same as
the Washburn & Moen Gage. For non-fer-

et L -—n&a-‘nl- 4 n
AVUD AAOLVCLAALD

the American Wire Gai;‘:,
which is the same as the Brown & Sharpe
Gage, is used. Music Wire is drawn to the
American Steel Wire and Music Wire Gage
but other gages and intermediate sizes are
avaiiabie. Do not specify the name of the
Gage used. Tolerances on diameter and
thickneas shall not he specified when they

Ao rese Tar wasueee '~V e wessww

are covered in the appropriate matenal
specifications or by general tolerance notes.
Specify a tolerance on the width, as applic-
able. See Table I, Preferred Sizes of Spring

h V SO P S,

Materials, in Appendix A, Section I.

BB Yoremawdioa. Nadaa P T SN
Velsodd AMDIPTCLLIVII LVULEI ULBWIIIEDS Vi

springs that are critical, including those
springs subjected to critical conditions of
temperature, stress or corrosive environ-
ments, shall include appropriate instruction
notes applicable to controlling the manufac-
ture within the desired environments. It is
appropriate w0 specify those spring iactors
tvquinux inapﬁ-l.iuu, the tesis rcquixcd, and

m‘\n&‘unﬁ -‘l -n-’n_ “-\I‘IINQA *f'-nrn f‘\n nar.
SPLAES iV P

ticular drawing shall be inspected. Consistent
with Quality Control Procedure the size of

inspection samples shall not be specified.

B o VR P4 |
AJCUiall

5.3 FORMAT FOR SPECIAL DATA NOTES.
When notes prescribing special data are re-
quired on detail drawings of springs, it is
recommended that the following format be
used: ’
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(a) Stress at X +
.................. OF fOr ..ccvevererccerennne
minutes, after coiling (or form-
ing).

(b) Hardness range Rc ..........
to

(c) Squareness of ends in free pcsitica
WIthID ceceeeccicriensonnene °,

(d) Cold set to solid.
(e) Shot peen (give specification) to

ivabame et
esescenasccsssenssescane MAVELIBIWY o

(f) Protective coating (give specifica-
tion).

(g) Non destructive inspection (give
specification).

(h) The body shall not camber more
than .......cceemeeeee .. IN. in its entire

.___ _aw

(i) Test over arbor dia .................... IN.

(j) To withstand temperatures of
.............. A I { S —

(k) To withstand ................ deflections

from initial to final posn:um with

lose ~Af laad mab ba avsand a
dUDB UL IVBU UV W BALETUerecncces 79

5.4 HELICAL COMPRESSION SPRINGS

5.4.1 Definition. A compression spring is an
open-coil helical spring that offers resistance
to a compressive force applied axially. Com-
pression springs are generally made cylindri-
eal in form, although other forms are used.
such as conical, tapered, coneave or convex,
consistent with design requirements. Because
of ready supply, wire of circular cross sec-

tion is used whenever possible; however,

=—lac. 3 adaamicz dbe Jdonieme  emiwma ~f

wWaere &aavanitageous O aéSign, Wire O1

anuare ar ractancunlar crosas nphn'n may 'hp
WENL & Vi ASWVRiL) waamse Wi

e 1 illustrates several forms
of hdxcal compreuion springs.

5.4.2 Drawing Requirements for Helical Com-

»

pression Springs. Guide lines for specifying
pertinent dimensional and load dsta on engi-
neering drawings of helical ecmpression
springs, which satisfy specific design re-
quirements and, simultaneously, allow maxi-
muer jatitude in manufacturing, are pro-
vidad hAﬂu\.’ nnfmv-iq.d aa fallowe

Ve VA AMUNE SO I0L0WS .

{1) No Load bpcm)ud. The design activ-

ammsammns mamsmameilld Boe b4l lacd an

28ee
II-J SdIUILTY n:awumuun.y AU we 1vsu ca-

pacity of the spring. The manufacturer is
required to furnish a spring meeting the
dimensional data specified. The free length,
the coil diameter, and the total number of
coils are specified, each with a tolerance.
The tolerance on the wire diameter conforms
$n ¢tha eonvernine matewial enarificatinn
Lo A .V'Ol uou; AAITS WA S50 & PretwisivEnuaVase

Figure 2(a) shows suggested data applic-
able to springs in the “no load” category.

(2) One Load Specified. This category has
application when the spring is required to
develop a load, within a specified tolerance,
preferably at the initial assembled length.
The spring, normally, is not subjected to
further deflection in operation. The manu-
facturer is required to meet the load re-
guirement. but the free length and the total
number of coils are not restricted, being
designated REF. The tolerance on the wire
diameter conforms to the governing mate-
rial specification and the manner of coil

Aigmeatam anllasd ia danandant nnan sAwine
WISl CALUVUL I USpyTUuuT ULy upul opriup

function. Figure 2(b) shows suggested data
applicable to springs in the “one load” cate-
gory.

(8) Two Loads Specified. This category
has application when the spring is required
to develop a load, within a specified toler-
ance, at each of two definite compressed
lengths, normaiiy at the initial and the finai

A amedlon o svmaddd e tho assswhle MTha
Operaung puauuuna ii Wit &B558NLY. AuC

manufacturer is required to meet the load
requirements, other spring characteristics
being designated as described in paragraph
5.4.2(2). Figure 2(c) shows suggested data
applicable to springs in the “two loads”
category.

(4) Spring Rate Specified. This category
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heae annlicatian in n-mh‘tu in whish the
aas SPPRiCRlioh asssmd.l wWalls ae

apring rate is the most significant character-
istic, for example, in calibrated scales. The
manufacturer is required to meet a pre-
scribed spring rate, within a specified toler-
ance, bui the free lengih and the total num-
ber of coils are permitted to vary, being
designated REF. The taoleranee on the wire
diameter conforms to the governing material
specification and the manner of coil diameter
callout is dependent upon the spring func-
tion. Additionally, when closer control of

f‘ng !A.A ¢ Inq Aavalanad at tha ‘n‘fial aa-

U THMUpTU @Y WS

sembled length iz desired. one load. with a
tolerance, to be developed at the assembled
length should be specified. Figure 2(d) shows
suggested data applicable to springs in the

—e kPP

“spring rate’ category.
5.4.2.1 Coil Diameter. Depending upon the
application of the spring, specify one ot the
following:
(a) TOWORK OVER......
IN. (MAX) DIA ROD
(b) TO WORK IN
IN. (MIN) DIA BORE

{c} 10, with tolerance

— - AIRIAL Gl @ We WwWeow em

5.4.2.2 Direction of Helix. When governed by
design requirements, specify the direction of
helix as “LEFT HAND” (or LH), or
“RIGHT HAND” (or RH), as applicable;
otherwise specify as OPTIONAL. In most

casos the hand is not imnortant axcent wheon

a plug screws into an end; or when one
spring fits inside another, in which case one
spring should be designated left hand and
the other right hand.

___ 3

D-G.M lm of Ends. The types of ends Di_lv
h.l\ml

annlisratian *n
All‘ S ALV w

springs are illustrated in Figure 3. Specify
the type of ends on the drawing ; when neces-
sary, the ends should be dimensioned.

5.42.4 Solid Lengih. The maximum solid
length shall be specified for any spring cate-

gory when this parameter is essential to de-

sign requirements. However, solid length
callout should be omitted whenever prac-
ticable. Except when necessary to satisfy
function, springs should not be designed to

e 2al2d le mwmacmeddos
¥U svuLU 14 UpPTI WV,
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HELICAL COMPRESSION SPRING FORMS
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RIGHT HAND HELIX

ND HELIX

CONCAVE
RIGHT HAND HELIX

RIGHT HAND HELIX
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MIL-STD-29A

DRAWING REQUIREMENTS FOR HELICAL COMPRESSION SPRINGS
' WHEN NO LOAD IS SPECIFIED

i.._ééé.-:ﬁii LG (Note n—-il’ i__%..;{_mo,. 2)
| I I ) '
" TN V=N
P N IAVALS L0
!L [N X \\//

Para
MATERIAL SPECIFICATION 521
WIRE DIA N XXX IN. 522
DIRECTION OF HELIX 5422
TOTAL COILS XX + XX Note 3
SPECIAL DATA 83

Note 1: Specify free length, with tolerance (or by limits).(Refer to Appendix A, Section III, T

:
H

Nata 2: Whan anvine snerates swvar onide snasddfeineida diamabas af anil wdith tnlavanca faw b
NS o1 WD SPTING CPSTRsS OTST gRiGs, specllyinsics diamstsr of &oil, Wil oisrancts (or O

other applications, specify outside diameter with tolerance (or by limits). (Refer to A pendix A
Section III, Table XVL)

Nots 3: Specify total number of ecoils, with tolerance. (Refer to Appendix A, Section III, Table XVIL)

Fuzs 2(a)
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WHEN ONE LOAD IS SPECIFIED

XX REF- FREE L.G——-i E-—-.XXXO%-—tPoro 5.4.2.1)
| I |
{ I A

7N\

-- - s UV W \ S
\—£P3'9 5. ‘-:ga;)
Spring data
Pera

MATERIAL SPECIFICATION 521
WIRE DIA XXX IN. 522
DIRECTION OF HELIX : 422
TOTAL COILS . XX REF Note 1
LOAD AT COMPRESSED LCGOF XXX IN. « XX IB %= XX LB cwccccocceccccrcae. Nots 2
SPECIAL DATA 83
Note 1: Speecify total number of ecils; designate REP.
Nots 2: Specify the sme laad with tnlerance to he developed at a definite length, preferahly the initial

assembied leagth.

(£
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MIL-STD-29A

DRAWING REQUIREMENTS FOR HELICAL COMPRESSION SPRINGS

N——(Para 5.4 .2.3)

Spring data

Para
MATERIAL SPECIFICATION 1
WIRE DIA XXX IN. 522
DIRECTION OF HELIX 422
TOTAL COILS XX REF Note 1
LOAD AT COMPRESSED LG OF XXX IN = XX LB = XX LB Note 2
LOAD AT COMPRESSED LG OF XXX IN = XX LB = XX LB Note 2
SPECIAL DATA 53

Note 1: Specify total number of coils; designate REF.

Note 2: Sped!y load to be developed at each of two definite compressed lengths, preferably at the ini-

tial and the &nal operating positions in the assembly,

Ficure 2(c)

@
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MIL-STD-29A

ORAWING REQUIREMENTS FOR HELICAL COMPRESSION SPRINGS

WHEN SPRING RATE

IS SPECIFIED

X.XX REF— FREE LG

B .
‘
1

XX

&

X (Para 5.4.2.1)

)
-/

(Parc 5.4.2.3)

Spring dets
Pora

MATERIAL SPECIFICATION 5.21
WIRE DIA XXX IN. 522
DIRECTION OF HELIX 5422
TOTAL COILS XX BEF Note 1
LOAD AT COMPRESSED LG OF XXX IN. - XX LB = XX LB §.4.2(4)
SPRING RATE XX LB/IN. £ XX LB/IN. BETWEEN COMPRESSED

LG OF XX IN. AND XX IN. Note 2
SOLID LG WITHOUT PERMANENT SET XX IN. 5.424
SPECIAL DATA 83

Nots 1: Specify total number of coils; designats REF.
Nots 2: Specify spring rate, with tolerancs.

Fours 2(d)

10
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CLOSED ENDS GROUND OPEN ENDS GROUND
LEFT HAND HELIX . LEFT HAND HELIX
Fouxs 8
5.5 STRANDED WIRE COMPRESSION {a) Number of Wires in Strand.
SPRINGS (b) Diameter of each Wire.
. (¢) Length of Lay (Distance parallel
5.5.1 Definition. Stranded wire compression A tn ateand avia (:.. which a single
W WA Al aND AN
xmorms :m h::cal tl;:omm-essu::vn springs wire makes one turn.)
rom wim
4ol —L-oi _-_3'_LL ree or n‘mre . (d) Direction of Strand Helix

twisted about each o

B
g
o s}
3
g
=

traverse the spring under shock loading.
Such springs should be specified with cau-
tion since stranded wire is specially made
aad is not readily available.

552 Drawing Requirements for Stranded
Wire Compression Springs. Figure 20 is a
typical detail drawing of a stranded wire
helical eomprmion spring. The methods of
drawing and dimensioning, and the spring

data applicable to stranded wire springs

Figures 2(c) for compression springs, ex-
cept that the additional spring information
noted herein is required on detail drawings:

NOTE: The strand helix shall be
opposite in direction to the coil
helix.
(e) Direction of Coil Helix (Left Hand
or Right Hand).
(f) TYDe of Ends. Specify eit'her CI
DU DL‘UD L‘Ul
nPF‘N FNT\Q nn'r ORNOY

OT u..vJND, as
applicable. Specify that ends are
to be soldered, brazed or welded
to prevent unraveling, and sharp
burrs shall be removed.

§.6.1 Definition. A helical extension spring
is a close-wound spring with or without

initial tension, or an open-wound spring
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that offers resistance to an axial force t-ra-.
ing to extend its length. Extension springs

= e w o ___san _

e

PR W

are formed or fitted with ends nicr are
nead famw attanhine ¢ha anwine $a tha assom_
WAL AVE SVWLILLILYE WU DL W WS SDO%AT

bly. They are generally made of wire of

Fad v memmyg S22 <

circular croas-section, but when advantage-
ous to design, may be made of wire of square
or rectangular cross-section., Extension
lprinp‘ may be wound with adjacent coils

tom:nmg 80 nxnuy that deilection Degins wne

fnatant a lnad {a asvwnliad Hawawar +thae ama
ASVRALL B IURU D AJPULGU. AAUWETEA) WGy i T

usually designed to retain about 10% of

R =2} 4 L0 )

their maximum applied load as initial ten-
sion. This holds the coils together thus mak-
ing it easier to cofl the springs and meet test
requirements. They may aiso be wound so

AL 2dlee Ahcd - Yo omecdLloe ff A cmall.d
ugnuy, Wit & ikige porudn 01 was appusa

load (up to about 33% of the maximum

load) must be expended before actual deflec-
tion occurs. Figure 5 illustrates various

B

iorms of helical extension springs.
Ere T . D.___2
9.0.4 UTAW nequirem

tonainn Snrines Cunidelinaa €ar onasifvine

TEITEITSS ASPA Mm@ WS WAUGMLLIUD AVA SpVLas y Al

dimensional and load data on engineering
drawings showing helical extension springs
are similar to those established for helical
compression springs. Figures 4(a) through
4(d) show suggested guidelines for use, se-
lmmy, iﬁ d-l PRy S PR YR K Y Sy .

ine ting uuuc;i &xtension

hooks, Specify the total number of coils and

the lentthovereoﬂseachuREF except as
noted in Figure 4(a).

e N S
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MIL-STD-29A

DRAWING REQUIREMENTS FOR HELICAL EXTENSION SPRINGS
WHEN NO LOAD IS SPECIFIED

......

po— S22 —FREE LG INSIDE ENDS — (Note 1)—f=%ZX o

oS TN

XX

&
7a

=

S

_—
N\

e ——— X REF A na
(Po)&: 5.65.2.”_.‘ (TPy:r.oo'f.S.QG.é.zb)
Spring data
Para
MATERIAL SPECIFICATION 521
WIRE DIA XXX IN. 522
DIRECTION OF HELIX ' 5422
TOTAL COILS XX + XX Note 2
RELATIVE POSITION OF ENDS 5624
EXTENDED LG INSIDE ENDS WITHOUT PERMANENT SET X.XX IN. (MAX.) 5.822
INITIAL TENSION XX LB = XX LB Note 3
SPECIAL DATA 53

[

: Specif{y outside diameter of coii, with toierance (or by limits).
(Refer to Appendix A, Section III. Tahle XVI)
: Spacify total number of eoils with toleranes.

(Refer to Appendix A, Section III, Table XVII)

Nots 3: When essential to design requirements, specify initial tension with tolerance; otherwise specify
“INITIAL TENSION OPTIONAL.”

Z

ota

Fiuxs 4(a)

13

vy MIIYE MLIT RS V bhje APVESwE] Gww vv — gy —



Downloaded from http://www.everyspec.com

MR-STD-29A
’bRAWlNG REQUIREMENTS FOR HELICAL EXTENSION SPRINGS
WHEN ONE LOAD IS SPECIFIED

/—.XX R (Omit when

pa—— XXX REF — FREE LG INuU,E TNDS ——amy not important)

/
% XXX REF —{ XX MAX
(Para 5.6.2.1) Type of ends
(Para 5.6.2.3)
Spring dato

Pavre
MATERIAL SPECIFICATION 21
WIRE DIA XXX IN. 522
DIRECTION OF HELIX 5422
TOTAL COILS XX REF Nots 1
RELATIVE POSITION OF ENDS 5.6.24
EXTENDED LG INSIDE ENDS WITHOUT PERMANENT SET X.XX IN. (MAX.) 85.622
INITIAL TENSION XYY LR + XX LB _ . _ e Note 2
LOAD XX LB = XX LB AT XXX IN. EXTENDED LG INSIDE ENDS ........... Nots 3
SPECIAL DATA 53

Nots 1: Specify total number of coils; designats REP.

Nots 2: When essential to design requirements, specify initial tension with tolsrance; otherwise specify
INITIAL TENSION OPTIONAL.”

Note 8: Specify the ene losd, with tolerance, to be developed at & definits extended length, preferably the
{nitial assembled length.

Fmuxs 4(b)

14

—] i
I 1 O ONer— 4o - 1 O oo €ty Cn O _ MY ) ty th o | €ty ™ N
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MIL-STD-29A

DRAWING REQUIREMENTS FOR HELICAL EXTENSION SPRINGS
WHEN TWO LOADS ARE SPECIFIED

jm——X.XX REF= FREE LG INSIDE ENDS——e XX (MAX)

N N1

N1 lf 7\ M0

JFSNY
}h

(
@

D D I A
- X.XX REF _—-Jl \__X_)S_ —Type of ends
(Para 5.6.2.1) XX Para 5.6.5.3)
Spring data
Para
MATERIAL SPECIFICATION 521
WIRE DIA ‘ IXX IN. 622
DIRECTION OF HELIX 5422
TOTAL COILS i XX REF Nota 1
RELATIVE POSITION OF ENDS 5.6.2.4
EXTENDED LG INSIDE ENDS WITHOUT PERMANENT SET XXX IN, (MAY) 5622
INITIAL TENSION X LB =+ X LB Nots 2
ICACXI LB = XX 1B AT XX IN. EXTENDED LG INSIDE ENDS Nots S
LOAD XX LB = XX LB AT XX IN. OPERATING LG INSIDE ENDS .................. Nots 3

SPECIAL DATA 5.3

Note 1: Specify total number of coils; designate REF.

Nots 2: When essential to design requirements, specify initial tension with tolerance; otherwise specify
“INITIAL TENSION OPTIONAL.”

Nots 8: Snecify the load to he develonad at each of ¢two definite extendad lengths, prefershly at the
initial and the final operating lengths in the assembly.

PFroze 4(c)
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MIL-STD-29A

DRAWING REQUIREMENTS FOR HELICAL EXTENSION SPRINGS
WHEN SPRING RATE 1S SPECIFIED

Type of ends
po—————— XXX REF = FREE LG INSIDE ENDS ~—————=1 | (Parg 5.6.2.3)

) - %ﬁ/ /
X.XX REF-——-L—X.XX (MIN) ~—= XX (MAX)

XX

XX
pet XXX (MIN)
(Para 5.6.2.1)
Spring data
Pere

MATERIAL SPECIFICATION 521
WIRE DIA XXX IN. 522
DIRECTION OF HELIX 5422
TOTAL COILS XX REF Note 1
RELATIVE POSITION OF ENDS - 5.8.2.4
EXTENDED LG INSIDE ENDS WITHOUT PERMANENT SET XX IN. (MAX.) 5.622
INITIAL TENSION XX LB + XX LB Note 2
SPRING RATE XX LB/IN. £ XX LB/IN. BETWEEN EXTENDED

LG OF XXX IN. AND X.XX IN. INSIDE ENDS Nots 3
LOAD XX LB = XX LB AT XX IN. OPERATING LG INSIDE ENDS 5.42(4)
SPECIAL DATA 53

Note 1: Speecify total number of coils; designate REYP.

Note 2: When essential to design requirements, specify initial tension with tolerance; otherwise specify
“INITIAL TENSION OPTIONAL.”

Nota 3: Specify spring rate with tolerance.

Fcuxs 4(d)

16
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LEFT HAND HELIX

Ficuns 8

MIL-STD-29A
HELICAL EXTENSION SPRING FORMS
\_/ N
b N’
CYLINDRICAL SHAPE
RIGHT HAND HELIX
P 0000000 N
/71T 11} It T\
L H—i N
N\ =/ Wi UJ.&J
| CONVEX- SHAPE _
LEFT HAND HELIX
| » . BN
AR PR AR
Exduiih
\$+ WU &

CONED ENDS WITH SHORT SWIVEL HOOKS
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==\ TN\
an @

MACHINE LOOP AND MACHINE

HOOK SHOWN IN Lmﬁm
W

)

R
U &

HAND LOOP AND 00K
A'r -lru'r Alrl Iﬁ

TYPES OF HELICAL EXTENSION SPRING ENDS

= /AR
) &

MACHINE LOOP AND MACHINE

- amasan &

HOOK SHOWN AT RiGHT l\r‘u'l.sa

sutt 1 0OP ON SIDE AND

SMALL EYE FROM CENTER

——

=S

7~ Al
@RS

SMALL EYE AT SIDE

m A
@ & Y

=y ||l !
[T 1J &
DOUBLE TVISTEC SINGLE FULL LOOP TERED REDUCED LOOP TO CENTER
sl LONP OVER CENTER
ﬁ' 1 2] P N s aasal “ I u
WY Y ( Iy =3llIlY AlllY
J Wil il U
FULL LOOP Gsuu. MACHINE HALF HOOK HAND HALF LOOP PLAIN SQUARE
AT SIDE OFF-SET HOOK AT SIOE OVER CENTER OVER CENTER CUT ENDS
YPES FOR WHICH

ALL THE ABOVE ENDS ARE STANDARD TYPES
NO SPECIAL TOOLS ARE REQUIRED

C Al LL___M\W @W el

LONG ROUND END LONG SQUARE END
OVER CENTER

MOOK OVER CENTER  HOOK OVER CENTER

o7 Wi

CONED END TO HOLD

1111

=l
N~ Wiy

rm
————\\l{
uuj CORED ERD

VITH SWIVEL HOOK

STRAIGHT END ANNEALED

LONG SWIVEL EYR

EXTENDED EYE FROM
RITHER CENTER OR SIDE

rry
& 830

IS GROUP OF SPE

T0O ALLOY FORMING

L ENDS REQUIRE SPECIAL TOOLS
FioURs &
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5.6.2.2 Maximum Exiended Length. Specify
L' "N Am...“ AatMnevenll, awewdoemdad lawasdl
wie WAL WILLL HIUW&U“S exienaea 1 K1) LEL
without permanent sct as a protection

against over extending the spring
assembly only if essential to design require-
ments. Be sure the total stress at this de-
flection is less than the elastic limit in tor-
sion.

EL22 Tvnaa af P'nde Tvﬂiw tvne

WeVadied 2 J PO Uk AsAIUSe. A J P

applicable to helical extension springs

illustrated in Figure 6. The types of ends

required shall be completely delineated and

dimensioned on the drawing. Usually the

outside diameter of a hook or loop is the
Y. A%a

moeman o blea

same as the outside diameter of the sp mg.
A “Hook” } t
end and the bodv of t

a closed hook.

o
(=]
)
p

5.6.2.4 Relative Position of Ends. When con-
trolled by assembly requirements, the rela-

$iera tneiticn Al dha ande ahall ha enasnifiad
#AVT PUIILLIVILI Ul WiIT THIUS Sl U SpoSlvialIvu
with a tolerance; otherwise include in the
spring data this note:
VT AMTIVER PAQITINN AT W Q
AVAdAALD A AV A&d A \JWA L ANIAN NIX AdANAINT
UNIMPORTANT

5.7 HELICAL TORSION SPRINGS

5.7.1 Definition. Helical torsion springs are
springs that offer resistance to or exert a
turning force in a plane at right angles to
the axis of the coil. Torsion springs are gen-
erally made of circular cross section in a va-

mwmeemlacend dew awmeallan

winber ol Locccnnc oY

41CLYy Ul 10I'IUS 404 are CIIployeu il appuca-
tione seldom alike, Ficures 8 and 9 illustrate
u . gures ¥ ang 2 1iustr

various forms of torsion springs and some of
the ends used on such springs.

5.7.2 Drawing Requirements for Helical Tor-
sion spnngs. r.xpmnatxon of the sprmg data

coils in a torsion spring usually are active.
Ol fee dlhn &adol cmcceealao 21 ae AT AL o
DPEeCIly e Lowal numoer

1 | L/ & Aol A A NS i

19

MIL-STD-29A

& u

F, or with tolerances, if essential to the
sign.

5.7.2.2 Direction of Helix. The helix of a tor-
sion spring is important; specify as LEFT
HAND or RIGHT HAND, as applicable
Helical torsion springs should be 3o designed
that the applied ioads tend to wind up the

spring.

5.7.2.8 Pitch of Coils or Initial Tension. When
open coils are used specify the pitch as a
REFERENCE dimension; except that when
initial tension.is required, specify the initial
tension, in pounds with a tolerance, instead
of pitch. Initial tension is seldom desirable

5.7.2.4 Torque Loads. Specify

Vel oLl == WS .-, viie WWigwS

loads at the initial and final positions be-
tween the deflected end and not at deflection
from free position. However, if more than
one revolution is reqm’red specify the num-

L-_ AAAAA

ber of I'EVOHIUO“S from the free posn;xon

Twamnlae AN THh v = A Th in at 9K
Ad RAVILANEIC ¢« RV IV i, T 2 IV lu- OD &.d ITEVUIU=

m free mogition. Tolerances shall be

ons irom iree FeailiQll, LOICIRILEGS JN&ak e

applled to the torque loads but not to the
angle between the ends. Also state under
SPECIAL DATA the diameter of the arbor
or rod over which the spring is tested, which

ele nec1 3 Lo Lt . o 2 P,

Snouia oeé tne same SizZe as the shaft over
"na

the torgne

5.7.2.5 Maximum Deflection without Perman-
ent Set. Specify the maximum allowable de-
flection without permanent set in degrees
of rotation beyond the final position, as a
precaution against overstressxng the sprmg

during assembly on

rmnn-nmnnfc'

equirements
deflection is
bending.

5.7.2.8 Spring Rate. Specify the spring rate
in pound inches per degree of deflection as a

REFERENCE except where particular de-
sign requirements necessitate a tolerance.
Rwvamnlae nf cnnsh annlinatiamae ama im anli
ddNALILJITO UL SULll applitaliuvlly B.lc 15} Cali-

o v e | 1 1 1
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DRAWING REQUIREMENTS FOR HELICAL TORSION SPRINGS

xxx HHHE - HHI , - X H
I 1l Vi AN ]
AN - — U X
3 xx - o

-'-I }-—Pitch )Gﬂ ‘ //

XXX REF- FREE_LG | '
OVER COILS - A//

wara 3. nel pIRecTIoN [ —

OF LOADING |
Spring data

Porae
MATERIAL SPECIFICATION . . s 521
WIRE DIA XXX IN. 822
DIRECTION OF HELIX 5.72.2
TOTAL COILS : XX REF 5721
PITCH ... XX IN. REF 5723
TORQUE XX LB IN. £+ XX LB IN. AT INITIAL POSITION 8.724
TORQUE XX LB IN. * XX LB IN. AT FINAL FOSITION 8.7.24
MAXIMUM DEFLECTION WITHOUT SET BEYOND FINAL POSITION XX DEG B8.725
SPRING RATE XX LB IN./DEG REF 6.72.6
TYPES OF ENDS 8.TZ2.7
SPECIAL DATA 83

Proen 7
TYPES OF HELICAL TORSION SPRING ENDS

™ AR FWZER

A7 D\ S N 111\ S/ A\
[T W\ -"/ll ﬂ“ﬂ IL//\\\\ &U\r‘ (\§' _'//”
i S 111 S S5/ s
:lou' HOOK ENDS —U-m::!- - W\L"V STRAIGHT OFFSET ENDS
Sy
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MIL-STD-29A

ELICAL TORSION SPRING FORMS

- PR L=
|1 7 T\

W

A1 N
1 e

\Ln H

e— h

RIGHT HAND HELIX

L
7 TN

' ————————
P

L =

J

OUBLE

|
[{ + \I
&
7
//

74

RDATALY ANBD yirs
eVisw AWy WOEXRLNG

Ficors 9

brated scales or instruments. When the
spring rate is specified with a tolerance
designate the loads at deflected positions as

n DEEEID YIAP Yy
S N LVELINUL.,

S.7.2.7 Type of Ends. Some of the types of
. 21

L]
]
3,
]
10
]
L5
=
£
0
%,
D
.
Q
3
s,
=
2
ce

illustrated in Figures 8
ends required and the relative
o

equired position of
the ends shall be completely dimancionad and
Fo-vvey maiaaCnioaUACT aliG

clearly delineated on the drawing
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5.8 SPIRAL TORSION SPRINGS

2 AL e 2a

5.8.1 Definition. A spiral torsion spring is
ﬁiﬁiﬂi made u}' 'v'v'ﬂidin" flat -}\nnw material
on itssH in tha form of a spiral; and de-
ngnedtowmduptoe!ertpmmm‘
rotating direction around the spring axis.

This pressure may be delivered as torque,

or it may be converted into & pusn or pull
force.

5.8.2 Drawing Requirements for Spiral Tor-
sion Spring. Explanation of the spring data
listed in Figure 10 is given beiow. Figure =
is a typlcal detail drawing of a spiral tor-

sion Spring.

CRANMING REQUIREMENTS FOR SPIRAL TORSION SPRINGS
—— P 'Y ° — ——
PREE POSITION REF
° o — DIRECTION

INITIAL POSITION

FINAL POSITION *

|

2

< -

.
oo 0 WU LA

L\
////:\\\\\

“ §5 EY‘ /',/// .}(XR\—
L —

I]——-IH-!—H

)

\\\Q"
X1 _~ ///

\l/ 7//\l

.XX

“w,

l

X. XX et

MATERIAL SPECIFICATION

MATERIAL SIZE ...

AT A A Awasn.

OUTSIDE DI.AMETER IN FREE POSITXON

INSIDE DIAMETER . U
DEVELOPED LG OF MATERXAL ............

ACTIVE LG OF MATERIAL

NUMBER OF COILS IN FREE POSITION

adar saN

POSITION ...
TYPE OF ENDS

Spring data

Para

............................ 8.2.1

........................... XXX IN. TEICK eeeneee XX IN. WIDE 6522
+ comeeecess IN. = XXX IN. 5.8.2.1
XXX IN, sz XXX IN. 6821
XXX IN. REP 5822
..................... XXX IN. REF 3822
XX REF 65823
TORQUE XX LB IN. £ XX LB IN. AT INITIAL POSITION 5.72.4
TORQUE XX LB IN. + XX LB IN. AT FINAL POSITION 5.7.2.4

MAXIMUM DEFLECTION WITHOUT SET BEYOND FINAL
XX DEG B5.7256
............ 5.8.24
5.3

SPECIAL DATA

Fouze 10
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TYPES OF SPIRAL TOQRSION SDR ING ENDS
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MIL-STD-20A

5.8.2.1 Outside and Inside Diameter of Coll
in the Free Position. Specify both the outside
and the inside diameters of the coil in the

free position as toleranced dimensions.

5.8.2.2 Developed Length of Material and
Active Length of Material. Specify the De-
veloped and the Active iaengfh of material
as a REFERENCE. To the active length is
added: the inactive material forming the ends
and the portion of a coil or coils that hug
the shaft, the sum of which is the developed
length.

5.8.2.3 Number of Coils in Free Position.
Specify and delineate the number of coila in
the free position as a REFERENCE.

sioned on detail drawinga.

5.9.1 Definitiom. Torsion bar springs are
straight bars or rods of definite cross-section
used to offer a resistance to & twisting mo-
ment about the longitudinal axis. The cross-
section may be round, square, rectangular or
hexagonal as dictated by design and avail-
ability. Circular cruss-sections are generally

used. Both ends are generally upset to di-

DRAWING RECQUIREMENTS FOR TORSION BAR SPRINGS

L d — \ -2
s Y o2 AN
! ——— [
D - T — 0

N A v

. l"(‘)

Spring data

MATERIAL S
DIAMETER

DIAMETER OF ENDS (D)

LG OF OVERALL (Lo) . v e
LG OF ENDS(S) (L, & Lx) .. ...
ANGLE OF TAPER(S) (A1 & A-)

TORQUE ...t e

LBIN. = ...

SPRING RATE
TYPE OF ENDS
DIRECTION OF W!NDU_P MA_R!\ING L e
AANGULAR RELATION BETWEEN ENDS ...
SPECIAL DATA (SAE MANUAL ON DESIGN

MANUFACTURE OF TORSION BARS) .

. DEGREES m:n.zc'nou )
. . XX LB IN.JDEG oo
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and ends to keep stress concentrations to a
minimum. Splines, serrations, or other types
of couplings are cut on the upset ends to
form the means of anchorage.

Y . |
isted
a

5.9.2.1 Diameters of Body and Ends. Specify
in the delineation both the end diameter and

the body diameter as toleranced dimensions.

5.9.2.2 Length Overall and of Ends. Specify
in the front view the overall length, and the
length of ends, with tolerances.

FEOOQ Aol _f Moman Quanife +h nela o
J.7.4.0 ANgié 01 18per, Specily tneé angie of
taper with a tolerance in the front view

5.9.2.4 Torque Loads. The torque loads with
tolerances should be specified in pound inches
or pound feet, as appropriate, at definite
amounts of deflection in degrees of rotation

from the free position. Torque loads should
preferably be specified at the initial and the
final operating positions in the assembly

5.9.2.5 Spring Rate. Specify the spring rate
in 1b in./degree or lb ft/degree, as a REF-
ERENCE.

5.9.2.6 Type of Ends. The type of end (in-

volute spline, serrations, etc.) shall be com-
pletely delineated and dimensioned on detail
drawings.

5.9.2.7 Direction of Windup Marking. For
coldset torsion bar springs, the direction of
windup (load application in service) shall be
indicated with an arrow on the end of the
spring. For torsion bar springs which are
not coldset, direction of windup marking is
not required.

e
W

5.9.2.8 Angular Relation between Ends. For
torsion bar springs which are coldset a
scribe line (approximately 144 x 60°V) shall
be cut on each end of the spring. The end
view shall show the angular relation between
the ends before and af‘ter coidsetting For

ratlon t-eeth
5.10 VOLUTE SPRINGS

5.10.1 T)eﬁnition. Volute Springs are

l¢]
c
3
he)
=
o
wn
t e
Q
=
wn
°
ok
=
U'Q
2
’:3‘

5.10.2 Drawing Requirements for Volute
Springs. Explanation of the spring data
listed in Figure 13 is given below. Figure 26
is a typical detail drawing of a volute spring.

5.10.2.1 Outside and inside Diameter, Specify
in the delineation both the outside and the
inside diameters as toleranced dxmensxons

5.10.2.2 Free Length. Specify the free length
as a REFERENCE dimension in the delinea-

" an 0 N4 M2, Qennlfeo. bl sziemalinn A8
5.10.2.3 Total Coiis. Specily the numbper oI
total eoils, as a REFERENCE, or with a tol-
erance if essential to the design.

5.10.2.4 Radial Pitch. Specify the radial pitch
in inches with a tolerance.

5.10.2.5 Axial Pitch and Helix Angle. The
axial piteh and the helix angle of a volute

toming characleristics. Volute springs with a
constant axial pitch will have the largest
active coil! bottoming first. A spring with a
constantly reducing axial pitch will have a
smaller pitch for the smaller coils and such
springs can be designed so that all active

spring determine its loads, length and bot-
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DRAWING RECUIREMENTS FOR VOLUTE SPRINGS
et FREE  LENGTH REF ——*—
AXIAL PITCH —

i

i
%
2
@
=

-— o = o =

[l e
p— WIOTH OF —=— !
MATERIAL
Spring data
MATERIAL SPECIFICATION
MATERIAL SIZE ... e XXX IN. THICK ..covsomememmerer: XXX IN. WIDE .....ccoeeeee
OUTSIDE DIAMETER OF COIL ...................... XXIXIN. = XX IN.
INSIDE DIAMETEB OF COIL ..cocvivirrnnnerne D & © 4 ¢ . Fr VNIRRT XX IiN.
FREE LG ....cccoceen. e XXX IN, REF
TOTAL COILS ... .. ...
DIRECTION Ol" HELXI
RADIAL PITCH ... XX IN. £ oerrneccens XX IN.
FUSTS AR 2§ 1o : S —— XX IN. £ cocoermrmrrerrsre: XX IN.
HELB ANGLE ... .. . XX DEG £ .oveeecrcconereree XX DEG
LOAD AT COHPRESSED LG OF . XX IN.
R < & 2. TR © © 39 & -

LOAD A'r COI(PRESSED LG OF . XX IN.
SGLiD LG teemvesameaneseseaneaas XX IN. MAX
SPECIAL DATA ......... (HIL-S-IS‘"IS AND SAE MANUAL

ON DESIGN AND KANUFACTURE OF VOLUTE SPRINGS)

wYay -- 18 FUo=RAne

time. Spoclfy either the helix angle of pre-

ferably the axial pitch with a tolerance as

constant. If the helix angle is constant the
pitch will vary; if the pitch is constant, the

elix angle will vary. It is impossible because
nature of the spring to have both the

l’

26

Vo
l//////f?‘\@ L nsouas

AN
\\\\\WV%

e and the pitch as constant. How-

s noasible for both pitch and helix
angle to vary throughout a volute spring.

5.10.2.6 Loads. Specify the loads with toler-
ances to be developed at definite compressed
lengths, preferably at the initial and the
fina] operating positions in the assembly.
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DRAWING REQUIREMENTS FOR CONED DISC (BELLEVILLE) SPRINGS
"\ \e—— THICKNESS
. g\
y N | %
, | 9
/ 4 N N\ | —=s! | Le— FREE HEIGHT REF
7 N\ |
—-”— -—1 ——— 1D (o] 11
|\ /2
\\ \ 1 // // l l
e —AL A h 1
AN 7/ 00—
A ! 4 v WY
Xl = 1 —u
:  §
BEARING SURFACE
Spring data
Para
MATERIAL SPECIFICATION 52.1
THICKNESS OF MATERIAL XXX IN. 522
INSIDE DIAMETER b oG ¢ U S XX IN. 54121
OUTSIDE DIAMETER .......cooooeerrcersrcerensecenane XX IN. = XXX IN. 51121
METHOD OF STACKING 5.11.22
FREE HEIGHT .....ccooevveuee XXX IN. REF 5.11.22
LOAD AT COMPRESSED HEIGHT OF XXX IN
e esanen XX OOV xx LB WHEN STACKED
IN s e . (OR FOR INDIVIDUAL DISCS) ceesenees 5.11.2.8
LOAD AT COMPRESSED HE!GHT OF s b-o o 4+ A p-o-¢
LB = rrevvserirnnenee XX LB WHEN STACKED IN 5.11.23
BEARING SURFACES XXX IN. MAX 5.11.24
BEARING SURFACES MUST BE PARALLEL
WITHIN ... ... XXX IN. AT oo, XXX IN. FROM CENTER ............ 51125
OD AND ID SHALL BE CONCENTRIC WITHIN .eeeeeenecnencereeenene XXX TIR 6.11.23
SPECIAL DATA (MIL-S-1Ziss) 5.3

5.10.2.7 Solid Length. Specify the solid length
as a maximum dimension allowing for the
toierance on the widt‘h of the Biade, protec-

tive coating, etc. The spring should not ordi-

narily be permitted to go solid in' operation,

except when used as a bumper or dictated by
other design requirements.

§.11 CONED DISC (BELLEVILLE)

(34

5.11.1 Definition. A coned disc (Belleville)
spring is a spring washer in the form of a
frustum of a cone, having constant material
thickness, and used as a compression spring.

(Belleville) Springs. E
spring data listed in Figure 14 is gi
below. Figure 27 is a typical detail drawing
of a coned disc (Belleville) spring,
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METHODS OF STACKING CONED DISC (BELLEVILLE) SPRINGS

SBRILD

HADAY Y BY
Fannisiiior

Pioune 15

5.11.2.1 Inside and Outside Diameters. Spe-
ciify both the inside and outside diameters,
as toleranced dimensions, preferably in the
delineation.

£.11.2.2 Fras Haivht

Vo s A cdveids e aswagssw ana

ing. It is usually best to specify the free
height of the individual disc as a REFER-
ENCE dimension, but if essential to the de-
sign ft may be a toleranced dimension. When
springs are used in sets, as in Figure 15,
show on an assembly drawing the method
of stacking and specify the free height of the
stack as a REFERENCE dimension in the
delineation. However, on some applications
where the free height is critical, a tolerance
may be added to the stacked height

and Method of Staek-

5.11.2.3 Loads. When disca are to be installed
°'ﬂ""ul=r‘}', cnly ona ‘mﬁ with a tnlera.nca
applied shall be specified. When discs are to
be installed in sets, specify the loads with a
tolerance at definite compressed lengths, pre-
ferably at the initial and final opersating

positions of the mechanism,

When dises are used in sets, a load for in-
dividual discs shall not be specified. When
discs are used in sets, the following note
shall be included on detail drawings:
STACKS SHALL BE SECURED TO-
GTTHER IN THE SEQUENCE OF TEST-
IriG AND SUCH SEQUENCE SHALL BE

28

RETAINED UPON INSTALLATION.

5.11.2.4 Bearing Surfaces. Bearing surfaces
may be provided when necessary to meet the
design requirements. They aid in meeting
tests for loads, tolerances and burr removal.
They should not exceed .080 inches wide.

5.11.2.5 Bearing Surfaces Parallel, Such sur-
faces muat be parallel in an amount equal to
or less than 18% of the Free Height, when
measured at a distance of twice the Outside
Diameter, located from the center line.

5.112.6 Concentricity between Outside and
Inside Diameters. Specify the concentricity
between the outside and inside diameters
when important. When specified, the outside
diameter of the springs shall be concentric

with the inside diameter within .008 inches

(.006 TIR) for springs 2 inches and less in
outside diameter, and .005 inches (.010 TIR)
for springs over 2 inches in ocutside diameter.

8.1 FLAT SPRINGS

5.12.1 Definition. A flat spring is in a broad
sense any spring made of flat strip or bar
stock, which deflects as a cantilever or as a

mlemmemla la maee ——  oumada PRESPER T
simple beam. Any metal stamping which

stores energy when deflected and returns an
equal amount of energy is a flat spring. Ex-
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MIL-STD-Z5A
ORAWING REQUIREMENTS FOR FLAT SPRINGS
X. XX —
e XX —| _—.XX DIA |
. V4
2 HOLES
‘ . /l I r.XX
vV # |
alal H ‘
: Q- I
|
—d XX fe—— CLAMP LENGTH LOAD
X.XX
1
I} ——— - ' —
—_ ‘t:‘\ -«
’ -1 DEFLECTIOM
s\ X
THICKNESS
Spring data
Para
MATERIAL SPECIFICATION S555iennnn enesesannennnrrinnrareneranssrnsonsann 5.2.1
MATERIAL SIZE .. .. IN. THICK ...oooooeerereerennnn. XX IN. WIDE 5.2.2
DEVELOPED {OVERALL) LG : XXX IN. REF 5.122.1
CLAMP LG B © 4 i A X IN. 51222
LOAD AT XXX IN. DEFLECTION =« XX LB + XX . 512238
LOAD AT XXX IN. DEFLECTION = XX LB =« XX LB ........ ieersonteanseesesenrssssasann - 51223
SPECIAL DATA . 8.3
Faume 16

cluded from this definition are Conad Dise

(Belleville) Springs, Spiral Torsion Springs,
Spring Washers and Rings.

5122 Drawing Requirements for Flat
Springs. Explanation of the spring data
listed in Figure 16 is given below. Figure
28 is a typical detail drawing of a flat spring.
Because of the wide variation of shapes for
fiat springs a complete specification is be-
yond the scope of this standard.

5.122.1 Developed Langths. Specify the de-
veloped overall length as a REFERENCE or
with a tolerance if essential to keep within
space limitations,

9.12.2.3 Loads. Specify load at distance from
end of clamp length. This distance is the
moment arm of the load. Indicate the direc-
tion of the applied load to produce a pre-
scribed deflecuon. When applicable. loads
and moments at the initial and final operat-
ing positions shall be specified. Tolerances
shall be applied to loads not to deflections.
When necessary for purposes of clarity, a

Aaflantad svaaféiae - 1L

Ce18Cea position as shown in Figure 28 may
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DRAWING REQUIREMENTS FOR CONSTANT FORCE SPRINGS

o e e

e o
Q

XX DIA
! XX~ @

XX

- FCEK_T
N
-

INITIAL POSITION |
—md XY
FINAL POSITION

Spring daia

Para
MATERIAL SPECIFICATION 821
MATERIAL 8IZE . .....c..coonmnrrecerereecone XXX IN 522
OUTSIDE DIAMETER ...oooooooorrrrrer 8821
INSIDE DIAMETER ... versssserress . 5821
DEVELOPED LG .ot e eovceeeareeeeremaens 5.8.2.2
ACTIVE LG . 5.8.2.2
NUMBER OF COIL! 5823
LOAD .. ... 5.13.2.1
INITIAL POSITION . . 5.18.22
FINAL POSITION 51222
TYPE OF ENDS .coocovvrnevveorecerecens B.13.23

FITS OVER ......cccee

XXX DIA ROLLER 61824

¥Fcuxa 17

5.13 CONSTANT FORCE SPRINGS

5.13.1 Definition. A constant force spring is

one that is made from strip material, similar

to a clock or motor spring except that the

inner end usually is not fastened thus leav-

334108 ©iilA wEmMEessy AV = v—es

ing it free to rotate and the coils are formed
to remain in a coiled position without ex-
panding. Retaining rings to hold the coils are

not required. Such a spring can have its

[
o

outer end pulled outwardly and the force
exerted to uncoil the spring can be uniformly
constant with each inch of deflection. Vari-

p————— Y

ousrypesmasuucanoemaue.

5.13.2 Drawing Requirements for Constant
Force Springs. Explanation of the spring
data listed in Figure 17 is given below. Fig-
ure 29 is a typical detail drawing of a con-

stant force spring.
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DRAWING REQUIREMENTS FOR GARTER SPRINGS

|
~MN AT
LW AR
R 7

//“WIRE DlA

ENLARGED VIEW T P mty b

OF HOOKS \WE

ECIFIED
Para
SHAFT DIAMETER XX IN. REF 5.1421
COMPRESSIVE LOAD PER INCE OF CIRCUMFERENCE
ON SHAPT XX LB. REF 5.1422
SPECIAL DATA 8.3
Ficuzrzs 18

Quranify tha n nonnds
Geadvised MAGS. OPTUILY WS 0aG Al POULGS
ce i d

remain

5.13.2.2 Initial Position and Final Position.
Specify the initial position and final position
in inches witho_ut a tolerance.

5.13.2.8 Type of Ends. A large variety of end
formations are possible. Both ends can be
cut at & radius approximately equal to the
width of the material. The inner end usuaiiy
is not punched or formed as it must be free

to rotate gver a 'nn“nv or roller., The outer

& vemsvw WVwa avaswa

end may have a punched hole or slot or be
formed to fit into a holding device for fasten-

31

ince nurnasaa Th

iNlg PUIrposes. ine

5.13.2.4 Fits over Roller. Most constant force
aprings are intended for u.se over rollers and

5.13.2.5 Thickness. The thickness of the ma-
terial is usually so thin that it is desirable
to exaggerate the thickness on drawings for
211, e mmam m o _

uxuau'auve purposes. MO, me exact number

of coils need not be shown in the drawing.

$.14 GARTER SPRINGS
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0.14.1 Definition. A garter spring is & special
close coiled, long, extension spring with its
ends fastened together and used in the form
of a ring. Such springs are used principally
in mechanical seals on shafting: to hold
round segments together; as belts and as
holding devices. It is customary to order the
springs in straight lengths and fasten the
ends at assembly.

5.14.2 Drawing Requirements for Garter

e—myr  m——

Springs. Explanation of the spring daia
listed in Figure 18 is given below. Figure 30
is a typical detail drawing of a garter spring.

5.14.2.1 Shaft Diameter. Specify the shaft
diameter over which the spring works as a
REFERENCE dimension.

5.14.2.2 Compressive Load per Inch of Cir-

enmfarenca nn Chaft Quranife thia lnad ce a
TRIRAVICHIE Ul Wil te WPSLiLY wiiS sCRl W -

REFERENCE only if essential to the design.
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APPENDIX A
THIS APPENDIX IS FOR THE PURPOSE OF

TYY. A LY fal oS arnknds T

PROVIDING GUIDANCE TO DESIGN ENGINEERS

AND INCLUDES NO MANDATORY PROVISIONS.
10. DESIGN OF MECHANICAL SPRINGS

Ny MITOD,

10.1 PURPOSE. The purpose of this appendix is to provide ready reference data to spring
design information including data on materials, design, manufacturing processes and
recommended tolerances. The information contained hereim is intended to provide guidance
to the designers of springs and not to impose restrictions in design.

10.2 SCOPE. The data contained in this appendix are sufficient for general spring design.
This appendix is divided into three sections: Section I~ MATERIALS Section II —
DESIGN, and Section IIl — MANUFACTURE.

APPENDIX A, SECTION I

11. SPRING MATERIALS

1.1 GENERAL. More than forty different steel compositions, seven corrosion resisting
steels and about twenty different non-ferrous compositions are used as spring materials, Each

has some particular advantage over the cthers and the selection is based on seeking, in

addition to other requirements, the best behavior in applications involving high stress,
shock loads, elevated temperatures and corrosion resistance. All spring wire should be used
in round cross-section whenever possible as it is more readily available, less expensive,
usually has higher mechanical properties and is easier to fabricate. Steel wire has the long-
est fatigue iife and can withstand the highest stresses. Copper-base alloys have the best elec-
trical conductivity combined with good corrosion resistance. Corrosion resisting steels have
good resistance to moderately elevated temperatures and to corrosion. Nickel-base alloys
have the best resistance to elevated temperatures combined with excellent corrosion resist-
ance. More specific data on these materials is covered in this section. The SAE and:AISI
references and the specifications of bar in the following paragraphs represent typical
compositions of metal from which sprmgs with the specified mechanical properties can be
produced.

11.2 SIZES AVAILABLE, In the column headed Mechanical Properties in Paragraphs 12.2
through 17.3 are shown “Sizes Available”, which lists the range of sizes usually available
from warehouses or wire mills. For most materials both smaller and larger sizes can be ob-
tained on special order. The sizes shown in Table I, Appendix A, Section I, should be
used wherever possible.

12, HIGH CARBON STEELS

12.1 GENERAL. The most commonly used of all spring materials are the high carbon spring
steels. These materials are used in Music-Wire, Hard-Drawn Wire, Oil Tempered Wire and
Valve Spring Wire. All are readily available in a wide variety of sizes. These materials
should be used in preference to other materials whenever the design requirements permxt
their use. They are not usuaily recommended for sub zero temperature applications.
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AATI _ £TN AAA
VW™D I W~ ALT M

12.2 MUSIC WIRE QQ-W-470, ASTM A228-51

Mechanical Properties: Music wire is the highest quality coid drawn, 'nigh
. carbon wire in the ferrous group. It has exception-

ﬁ““‘lu_s' n‘lcr ‘!19‘-\ +-ﬂl|‘- dnno#h nnﬂ II““A"“ fnmmr Tt i(

E=350 ;o:r:ﬁe recum mended for gmnn springs which are subjected

In torsion to high stresses and suddenly applied loads. Only

G (Up to .100 in.) rourd sections have high tensile strengﬂ!s. This ma-

=12 x 100 - terial is not a true music wire if obtained in any

G (Over .100 in.) sections other than round.

=]11.75 x 10*

Elastic Limit

Tension=66 to 76% of TS
Torsion=45 to 50% of TS
Density =284 Ib/in.*

Maximum elevated temperature
250° F

Sizes available; .004 to .180

12.3 HARD DRAWN STEEL WIRE QQ-W-428, TYPE II; ASTM A227-47

Mechanical Properties: Hard drawn steel wire is a low cost spring steel

which can be used for average stress applications
where accuracy of wire diameter, spring fﬁ_amet_er
and loads are not reqmred with great precmon. Do

...2-.‘.!

not use in appiications where long life is required

Moduius;
Ton bvon e f
441 VEIISIVUL1

E=20 x 10¢

In torsion This material can be readily electroplated. Qauam
G=11.5x 10* - sections are also obtainable but at reduced tensile
Elastic Limit; strengths.

Tension=60 to 709% of TS

Torsion=45 to 55% of TS
Density=.284 Ib/in.?

Maximum elevated temperature
250° F
Sizes Available: .028 to .625 in. dia

12.4 OIL TEMPERED STEEL WIRE QQ-W-428, TYPE I; ASTM A229-56

-t WA _af__ . N2 basmmmamad anl wriva ja a mancral nurnasa nnn'mr
Jecnanical rroperues. VvViwipeicu steel wireis o gencraL Ppurplse Iyt

steel of uniform quality and temper. Because of its

Z.M o_duln.s; surfac econdition this material is recommended for
intension springs where: (1) the stress requirements are not
E=Z8.5 x 10° too extreme, (2) the spring is not subjected io im-
Y Ao ¥ _....I £0) Al conclens --:‘n- ic :
an 3iou pacx or anCK IOBCUDK \9) Wit JPLiug iuusa
110 = 1Na or greataer This ma nnnl iz widelv used for me-
T4l & 4V Vi pBiveves A 32207 sesEmwua sEma  aw o
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Elastic Limit;
Tension=80 to 90% of TS
Torsion=40to 50% of TS

Rockwell Hardness= C45-50 less
than .125 in dia

Downloaded from http://www.everyspec.com
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 where the slight scale on the surface is not objec-

tionable. The scale can be removed if necessary by
shot blasting. Also obtainable in the annealed con-
dition if desired.

C42-48 .126 in. to 250 in. dia
C40-45 251 in. to .500 in. dia

Density=.284 Ib/in.?

Maximum elevated temperature
850° F

Size Available: .082 to ,500 in.

dia and 14, to 14 {n square sections
in common fractions.

12.5 CARBON-STEEL VALVE SPRING QUALITY WIRE ASTM A280-47

Mechanical Properties: Because of the absence of scale on this material, it

Modulus: is suitable for use where flaking of scale would clog
In tensfon or otherwise injure moving parts. This material is
E=25.5 x 10° recommended for springs of infinfte life with an

average stress range. This material is available in

én:t;go: 100 the tempered and annealed condition, but the tem-
pered condition is most often used. The annealed
Elastic Limit; condition should be used with subsequent hardening

and tempering, for gprings with a low spring index

(less than §) or where severe forming is required.

Tonsion=85 t5 98a ¢ T Q

SAIAVAL T WW WJ VYV /U Vi A W

Torsion=50 to 60% of T S

Rockwell Hardness=C45-50 for
125 in. diameter and under
C42-48 above .125 in.

Density=.284 Ib/in.*

Maximum elevated temperature
850° F
Sizes Available:

e ac
0938 to .250 in. dia

13. ALLOY STEEL WIRE AND BAR

13.1 GENERAL. Alloy spring steels are particularly useful in applications involving high
stress and where shock or impact loadings occur. They can also withstand higher and lower
temperature conditions than the carbon spring steels. All these alloys are generally used
in the oil temp_er&i\pr pre-hardened condition. They also are obtainable in the annealed con-
dition for springs that have sharp bends or small spring indexes such as 5 or less.
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13.2 CHROME-VANADIUM ALLOY STEEL WIRE & BAR ASTM A231-41 (Wire) ; QQ-3-

ZA. ALA 40 Dawal.

AL TNO O
D&“l P o~ oiw; AVU—RD \DWIa) , A&%

Mechanical Properties:

Modulus;
In tension
E=29.5x 10*
In torsion
G=112x 10"

Elastic Limit;
Tension=88 to 93% of TS
Torsion=66 to 75% of T S

Rockwell Hardness = C45-50
Density=.284 lb/in.?

Maximum elevated temperature
425° F

Sizes Available:

.032 to .375 in. dia in the tempered
or annealed condition; %, to 2 in.
dia in bars for hot rolled springs.
Square sections in common frac-
tional sizes are also obtainable.

A28247 (Wire) ; QQ-W—412, Comp 1 (Wire)

Chrome-Vanadium alloy steel wire will withstand
higher stresses than Oil-tempered steel wire, but
not as high as music wire. This material is recom-
mended for springs which are subjected to shock
by impact or suddenly applied loads, and for springs
which are subjected to a large number of stress
cycles. This material is frequently used for die
springs. It is especially useful when annealed round
wire is flattened into rectangular section with round
edges. Die springs made from such sections are
hardened and tempered after coiling and then shot-
peened to increase their endurance limit. Hot rolled
bars in heavy sections are also used for hot rolled
springs and torsion bars.

133 SILICO-MANGANESE ALLOY STEEL BAR SAE 9260 & ASTM A59-49 (BAR)

Mechanical Properties:

bV Ry PO PR
MOauus;

In tension
E=29.5 x 10*
In torsion
G=112x 10*

Elastic Limit;
In tension=178 to 86% of TS
In torsion=55 to 66% of TS

Rockwell Hardness=C44 to 48
Density =284 Ib/in.*

Sizes Available:
74e to 2 in. dia bars

This alloy steel has frequently been used as a less
expensive substitute or alternate for chrome-
vanadium. It does not have mechanical properties
quite as high as other alloy steels. This alloy is
obtainable in the oil-tempered, and in the annealed
conditions in hot rolled bars. Heavy flat sections
have been used for leaf springs and torsion bars.
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Mechanical Properties: This alloy steel is especially suited for highly stress-
ed springs subjected to shock or impact leading such

as recoil springs in anti-aircraft guns and for mod-
T o erately elevated temperatures. It may be obtained

=

=29.5 x 10* R . ere
In torsion - In the oil-tempered condition, but has most often
G=11.2 x 10° been used in the annealed condition and then hard-
- oaned anmd tarmnomad ba meeddba LI L LY _____
SiGTU &G wWwlpSica w0 quive qigno narunesaes after
Elastic Limit; coiling.

In tension=88 to 98% of T S
In torsion=65t0 75% of T S

Rockwell Hardness=C50 to 53

- weia ATy ST edim AN/ Adde
Maximum elevated temperature
475° F

14. CORROSION RESISTING STEEL WIRE

14.1 GENERAL. Corrosion resisting steels are especially useful in applications involving
corrosion and high temperatures. The 300 series “18-8” chromium-nickel austenitic types
are usually used up to about 34 inch diameter and the 400 series chromium martensitic
types for larger sizes. The 300 series “18-8” types are hard-drawn to high tensile strengths
and cannot be hardened by heat treatment. The 400 series martensitic types are usually
used in the annealed condition and then hardened and tempered after coiling. The 30
series are non-magnetic in the fully annealed condition only — hard drawin ng to obtain
spring qualities cause some magmetic ability which cannot be totally removed. The 400
series are magnetic and should not be used at sub zero temperatures. Passivating or im-
munizing by dipping in a 20 to 40% solution of nitric acid after fabrication is desir-

o '<‘

P P | Qi miorn manda ol saczoa .

S eruently omitted on springs made of round wire.

4.2 CORROSION-RESISTING STEEL WIRE QQ-W-423, Composition FS 802, Condition
B; AISI 302; SAE 30302; ASTM A313-55

-t

Mechanical Properties: This is & general purpose ¢ orrosion I'GSIStlng mate-
rial. Its spring properties are evexopea by coid

Modulus; . : tarial W L .,
: working only. This material has higher tensile

- . -
-1 tension strengths than FS 304 and FS 316 but does no
possess quite as good corrosion resisting properties.

1,'"

raiAn
g" :91109;10‘ It is slightly magnetic in t!ne spring temper, has low
ST creep and resists relaxation at elevated tempera-
Elastic Limit; rures This material is also available in strip form
In tension=65 to 75% of T8 for flat springs.
In torsion=45 to 55% of T S
49
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g a1 a4

Rockwell Hardness=C42-47
Density=.288 Ib/in.*

14.3 CORROSION-RES

A woew s s o Awn ann

B; AISI 304; SAE 80304

Mechanical Pronerties:

The samse as FS 302, but the tensile
strengths are about 6% lower.

WIRE QQ-W-—428, Composition FS 804, Condition

This material is quite similar to F'S 802, has some-
what lower tensile strength, but has better bending
properties and is an excellent alternate for most
applicatiom The two t'ypes are often used inter-

******** 04 has somewhat betier

corrosion resistance than “S 302.

14.4 CORROSION-RESISTING STEEL WIRE QQ-W-428, Composition FS 816, Condition B;

AISI 816; SAE 30316

Mechanical Properties:

) ¥ PO 1Y
Modulus H

In tension

E=295x 10

In torsion

Ga=11x10°

Elastic Limit;

Tension ==75 to 80% of TS
Torsion =55 to 60% of TS

AENRMRoe horad in Navassanh 1 1 1 anA s RainAa

k]
TVARREY &

T Lo Loaa . e fae manlabasmas eama

This material has better corrosion resistance prop-
b aa .nﬂ l- l.-- wmacsnatins than l‘emhﬂli”hﬁ N QDQ_

A WSS SN SASe Wity LASERLS ALS B ATAsS W AL

Its mechanical properties at sub zero temperatures
are better, but it cannot be used at stresses as high
as FS 802 It has ability to take sharp bends due to

the lower tensile strength.

7 7 DIY
- L i3

This new type of corrosion resisting steel is of the
precipitation hardening type. It is obtainable in the
annealed condition, but is most often used in the
cold worked condition and then precipitation hard-

=3 QaNnno ' L. Laces T4 3
a for 1 hour. dham haa +anaila

eneéud at Ivw 4l WITL ad Wilole
strengths higher than FS 302 and in some smaller
sizes the tensile strength is equal to that of music
wire.

50
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14.6 CORROSION-RESISTING STEEL WIRE QQ-W-423, Composition FS 420; AISI 420;

SAE 51420

Mechamical Properties:

Mgfulus;

In tension

— 100
E=29x10

In torsion
G=1120x10*

Elastic Limit;
Tension =65 to 75% of

TS
Torsion =46 to 55% of TS

Rockwell Hardness = C46-51

after hardening

2 __

Density = .2806 Ib/in.;

Sizes Available:
.030 to .500 in. dia

This corrosion resisting steel is usually used in di-
ameters above 3, inch, but occasionally it is used in
smaller sizes such as .057 inch for recoil springs in
rifles. It is always used in the annealed condition and
then hardened and tempered after coiling. This ma-
terial does not have corrosion resisting properties
until after hardening. Clean bright surfaces provide
best corrosion resistance and heat treating scale

worle A mee e o L T
should be removed whenever possible.

14.7 CORROSION-RESISTING STEEL WIRE AISI 431; SAE 51431

Mechanical Properties:

Modulus;

In tension

E=380x 10*

G= 11.5 x 10°

Elastic Limit;

Tension =72 to 75% of TS
Torsion =50 to 55% of TS

Rockwell Hardness = C47-51
Density = .280 Ib/in.?

Sizes Available:
.050 to .812 in. dia

15. COPPER-BASE ALLOYS

15.1 GENERAL. Copper-base alio

This new type corrosion resisting steel is first hard-
ened and tempered and then cold drawn. This com-
bination produces bright clean wire with high tensile
strengths nearly as high as music wire, but its cor-
rosion resistance is not quite equal to FS 302. The
hardened wire is magnetic and finds many uses for
springs subjected to high stresses. Flat strip is also
available.

ys combine good electrical properties with excellent corro-

sion resistance. Although more expensive than steel they find many uses in electrical com-
ponents and are excellent at sub zero temperature applications. All are non-magnetic.

51
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i'- 'y nnnnvc ey s W =T nvinn QQ—W nzl’ Cﬁ_]_)(‘)ilﬁl-)ﬁ B, Sﬁ?“lf Tempei‘; Ansm B1QA [ 04
ANne . QAL ONA

SAIVY Uy 28HLY OV

Mechanical Properties: Spring brass is recommended for use where high

electrical conductivity, excellent corrosion resist-

WMadulne . -
;1.1 ""I u.-..i:; ance, ease of forming, low cost, and repeated flexure
T e n jow stress and low temperatures are required.

fx::::asio; 10° Spring brass is non-magnetic. It is not recommended

G =50 x 10° for applications where the stress is severe, It is also
=020 x available in flat strip.

Elastic Limit;

In tension =75 to 80% of T S

In torsion =45 to 50% of T S

Rockwell Hardness =— B89-95

Density = .308 Ib/in.?

A awimsm alawntad bamemanadbisma

MAGALIMUIL CiITYaCU wsuyc;-uuw

160° F

Sizes Available:

005 to .500 in. dis

13.3 PHOSPHOR BRONZE WIRE QQ-W-401; ASTM B159-58, ALLOY A; SOE 81

Mechanical Properties: Phosphor bronze is used for electricai con&uc‘tivi‘ty,

Modulus ibﬂity to resist corrumuu, and uuu-uusucub proper-

tiez, Tt has cmml bending and forming properties
. and the abilit,y to withstand repeated ﬂexutes. This
is the most popular of the copper-base non-ferrous
alloys. It is also available in ﬂai strip for electrical

Eiastic Limit; stands quite mgn stresses and has long endurance
Tension =175 t0 80% of TS to repeated flexure

Torsion =45 to 50% of TS

L o ) ' = L & JRPUNE PRy NN orr

Density == .320 Ib/in.?

Maximum elevated temperature
212°F

15.4 BERYLLIUM C ER WIRE QQ-C-530; T‘ng Bi97-82

Mechanical Properties: Reryllium copper is a precipitation hardening non-
Modulus; magnetic matenal with good electrical conductivity
In tension and corrosion resistance. It is non-magnetic and has
E=19x 10 high elastic and fatigue strength, and low drift and
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+In torsion hysteresis. This material ean be severely formed in
G=1738x10 the annealed condition. Following forminz, beryl-
Elastic Limit; linm copper is precipitation hardened at 600° F for
Tension =75% of TS 21} Pretempered wire is also useful for many

applications where the stresses are not too high.

Tomon‘ m to 55% Of Ts mllf IHH {- alen .mil-hl.
Rockwell Hardneu.-ca'l to 41 o
Density = .298 Ib/in.*
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16.2 NICKEL-COFPER ALLOY, QQ-N-281, CLASS A, SPRING TEMPER
Mechanical Properties: Monel is recommended for use at elevated *wm‘—r;e“w

tures where corroaive conditions exi
corrosive resistance properties at relat:xvely hxxh

WMadilnae .
SAGUIGS,

In tension

E=26.0x 10° temperatures. This material has good resistance to

In torsion mmterattack. It is a hard drawn wire and can-

G =95 x 10° . not be ‘i‘ﬁeaieuxorumenmg Fiat strip is also
.-.v-..i!ab!e. 1t is nearly non-magnetic.

Elastic Limit;

Tension =65 to 70% of TS

Torsio—=238 to 42% of TS

T S = 165,000 up to .028 in. dia incl
160,000 over .028 in. to .067 in. dia incl
150,000 over 0587 in. to .114 in. dia inci
140,000 over 114 in, ¢t5 812 in. dia incl
185,000 over .812 in. to .875 in. dis inel
130,000 over .375 in. to .500 in. dia incl
120,000 over .500 in. to .563 in. dial inc

Density = .819 Ib/in.?
Maximum elevated temperature
400° F (450° F for short periods)

Sizes Available:
005 to 260 in. dia full hard, over
250 at iower hardness.
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163 NICKEL-COPPER-ALUMINUM ALLOY, WROUGHT, QQ-N-286, CLASS A

Mechanical Properties: K-Monel is a precipitation hardening alloy with ex-

Modulus: _ eellent resistance to both corrosion and moderately
Intemio;l elevated temperatures. It is usually used in larger

sizes than Monel, as it can be formed in the cold

gz-;of:i.gnx 10¢ drawn condition and then heat treated for harden-

G—95 x 10¢ inzpurpooeo.'l'hemednniealpropuﬁumforthe
- spring temper, age hardened condition. This alloy

Elastic Limit; is non-magnetic.

Tension =65 to 70% of TS

Torsion =238 to 42% of TS

S == 180,000 up to .114 in dia incl
170,000 over .114 in. to .375 in. dia incl
160,000 over 375 in. to .563 in. dia incl
Density == .306 ib/in.’
Maximum elevated temperature
450° F. (500° F. for short periods)
Sizes Available:
.005 to .563 in. dia for cold wound springs
3 in. dia and over for hot wound springs

16.4 WIRE: NICKEL-CHROMIUM-IRON ALLOY, QQ-W-3%, CONDITION C

Mechanical Properties: Incomel is recommended for springs requiring: (1)
Modulus; g the retention of spring properties at relatively high
In tension temperatures, (2) corrosion resistance, (8) low mag-
E==81 x10°at 70°F. netic permeability. This is one of the most popular
205 x 108 gt 400 P, of the nickel-base alloy group. It is cold drawn and
292 x 10* at 500° F. cannot be hardened by heat treatment. Wire diam-
28.7 x 10* at 600° F. eters up to 1, inch are most often used. This alloy
28.2 x 108 at T00° F. is non-magnetic.
28.0 x 10* at 760° F.
In torsion

G=—112 x 10* at 70°F.
10.8 x 10* at 400° F.

10.5 x 10° at 500° F.

102 x 10* at 600° F.

10.0 x 10* at 700° F.

9.8 x 10°* at 750° F.

Elastic Limit;
In tension =65 to T0% of TS
In torsion =40 to 45% of TS

T S = 185,000 up to .057 in dia incl
175,000 over .067 in. to .114 in dia incl
170,000 over .114 in. to 229 in_ dia incl



Downloaded from http://www.everyspec.com

MIL-STD-29A

165,000 over 229 in. to .829 in. dia incl
160,000 over .329 in. to .375 in. dia incl
165,000 over .375 in. to .500 in dia incl
140,000 over .500 in. to .563 in. dia incl

Density = .304 1b/in.*

Maximum elevated temperature
650° F. (750° F. for short periods)

Sizes Available:

.010 to .1875 in. dia full hard, over

.1875 at lower hardness.

165 WIRE: NICKEL-ALLOY, SPRING, AMS-5698 for No. 1 temper; AMS-5699 for

spring temper

Mechanical Properties:
Modulus;

In tension
E=381.00x10*at 70°F.

28.1 xi0fat T00° F.
277 x 10* at 800° F,
272 x 10 at 900° F.
26.7 x 10* at 1000° F.
26.1 x 10* at 1100° F.

25.5 x 10* at 1200° F,

In torsion

G=112x10*at T0°F.
10.0 x 10* at 700° F.
9.8 x 10* at 800° F.
94 x 10° at S00°F
9.1 x 10* at 1000° F.
88 x 10* at 1100° F.

Elastic Limit;
Tension = 65 to 70% of T S
Torsion==40 to 45% of TS

T 8 = For No. 1 temper:

Inconel-X is a precipitation hardening material with
high corrosion resistance and oxydization resistance
at elevated temperatures. To make optimum use of
this material, it is recommended that it be used in
applications where the temperature is from 650 to
1150° F. For applications below 650° F the use of
other muterials is recommended. Neither cold setting
nor shot peening should be specified on product
drawing, when springs are intended to be operating
within the recommended temperatures (650 to
1150° F) due to the adverse effect of pre-stressing
on initial relaxation and the rate of relaxation under
heat and stress. Large diameter bars can be hot
coiled, and this is often dome for 3 in dia and
larger sizes depending upon the spring index.

This non-magnetic alloy ean also be used at sub-zero
temperatures. The mechanical properties are for
the tempers indicated after age hardening. For sub
zero to 700° F applications, use spring temper stock
and heat 1200° F for 4 hours, after coiling. For 700
to 1000° F applications, use No. 1 temper (or hot
finished stock) and heat 1350° F for 16 hours, after
coiling. For 1000 to 1200° F applications, use spring
temper stock and heat 2100° F for 2 hours, air cool,
then 15560° F for 24 hours, air cool and 1300° F for
20 hours and air cool, after coiling.

156,000 min up to .025 in. dia incl
165,000 min over .025 to .468 in. dia

For spring temper:

220,000 min for .012 to .260 in. dia incl
200,000 min over .250 to .418 in. dia incl

Density == .298 Ib/in.*

Maximnm elevated temperature
1150 to 1200° F at low stresses
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Sizes Available:
.012 to .468 in. dia incl No. 1 temper

.012 to .418 in. dia incl spring temper
.375 in. dia and over, hot finished (for hot
wound springs)

'a Ve s 2»7aS N

17.1 GENERAL. Several types of flat cold rolled steel strip with different ranges of carbon
content, tempers, finishes and edges are obtainable, but only two types are readily avail-
able. These two types are used for over 95 per cent of all appliaﬁons requiring steel
strip. Thin sections of high hardness (over Rockweil “C” 43) are highiy susceptibie to
hydrogen embrittlement resulting from electroplating or pickling operations. These mate-
rials are used for mainsprings in clocks and timing devices; for constant force springs, clips

and stampings. For general information see Spec. MIL—8-17919.

17.2 STEEL STRIP, HIGH CARBON SAE 1074; MIL-8-17919 MATL. No. 1 & 4

Mechanical Properties: This type of material is usually called “cold rolled
Modulus; blue tempered spring steel”. It is slit to desired
In tension widths and the edges can be squared or rounded
E=30 x 10s as desired. The material obtamed in the hardened
In torsion conditions is widely used for flat springs, spiral, clock
G=11.5 x 10¢ and motor springs. It is also available in the annealed
T S=244,000 to 305,000 for sizes condition for use in automatic equipment and where
under .082 in. severe forming operations are required, after which
214,000 to 240,000 for it is hardened and tempered.
sizes over .032 in. )
Elastic Limit;

Tension=85 to 90% of TS

Torsion=65 to 75% of TS

Rockwell Hardness=C46 to 49

Density=.284 lb/in.3

Maximum Elevated Temperature
850° F

Sizes Available:

nNE & e dhial
005 to .062 in. thickness,

others on special order.

17.3 STEEL STRIP, HIGH CARBON SAE 1095; MIL-S-17919 MATL. No. 1 & 2

Mechanical Properties: This type of material, usually called “cold rolled
biue tempered and polished clock spring steel’, is
widely used in clocks and motor springs because it
can withstand higher stresses than SAE 1074. It is

mm. . ... . O h ] _— -
The same as SAE 1074 but the

tensile strengths are about 5 per

cent higher. slit to widths desired and the edges are usually made

Rockwell Hardness=C48 to 51 square or rounded. It is generally obtained in the
hardened condition but annealed material can be
obtained.
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Tamez L Preferred sisss for spring matsrials wire diameiers, strip thickness and bars
Syeing stesls Cerrusion resisting Copper and aiekal alloys
“18-i5" Soring euality |
Riex Valve shreme Straight brass phasphor X mooel
Musle sarbon spring niekel chrome bronse beryilium &
wire & aley qunlity sustenitie martensitis eop. mend & tmeomal X
stacle shosls 200 series 00 serien tncsnel
004 032 092 004 Sams 010 ' .25
008 035 106 008 as 0z | 156
008 041 128 008 high 014 162
L3 S47 4135 L10 earoon 016 .188
012 084 148 012 & 018 1 280
014 063 156 014 alloy o0 s
018 .oT2 Je2 .00 'c°‘°°1"l P 025 876
018 .080 anm 028 . ‘032 o
020 002 188 022 088 500
022 108 a92 042 040 883
024 KTT3 207 .048 045 T
026 A38 218 054 051 760
028 348 225 083 .087 875
032 156 244 072 084 1.000
042 Je2 250 080 072 1125
048 7 092 081 1.250
063 Jss 106 091 1.375
o72 J02 120 162 1.500
080 207 128 114 1.825
090 218 138 125 - 1.750
L 225 | 148 128 2.000
430 244 156 44
162 280 182 188
am 263 am 162
283 188 182
307 102 .188 )
313 207 250
362 218
378 225
250
iz i

Nots 1. Square sizes of wire and bars are obtainabie in prefemd fnct:onnl sizes u fullows: L3¢ 144, 352,
%, %, ¥e, %, X, %:, %=. %, %, %, .r'ﬁ-. %, 36, %, s, %, %, 1 Y16, 109,

1%, 1%, 1%, 1%,1%, 1%, 1%, 1% and 2 in,
Nots 2. Music Wire and Valve spring quality wire are available in round sections only,

Note 3. Music Wire is drawn to Amserican Steel Wire & Mnsic Wire Gage and to special gages. Steel wire
is drawn to U.S. Steel Wire Gage (same ss Washburn & Mom Gage). Copper and Nickel
Alioys are drawin to the Amriun Wire Gage (same a3 Brown & Sharpe Sage).

$7
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APPENDIX A, SECTION II

20. SPRING DESIGN

20.1 GENERAL. The proper design of
springs requires an understanding of 1 —
spring materials, 2 — design formulas and
stress analysis and 3 — manufacture. Vari-
ous aids to designers are available including
special spring slide rules, tables of constants,
curves, charts and nomographs, All are help-
ful, but an understanding of the basic funda-
mental formulas and experience in their use
in essential to good design. Except for a few
sizes of valve and die springs, there are very
few spnm manufactured for stock because

P e

of the infinite vnnecy of characteristics in-

volved. Utmost care in their design and

= breadth or width, in.
= Spring index = D/d.

= compressed lengih, in.
= mesan coil diameter, in.

22 2L ndhaw Sen
UARILIOWES

= total active eoiis
= yibration per minute.

= antalida Alavmabar in
VUMBIUT VAALLIUVEGA ) &ide

= ]oad, 1b.

L)

= pitch, in.

wgvymoam!?"rmggnhgqqmuugde>

= bending moment ,in. Ib.

= pounds per square inch. 7
= distance from load to central axis, in.

manufacture and thorough analysis of serv-
jce conditions are required for aatxsfactory
performance.

20.1.1 Purpose. The purpose of this section
is to describe the design methods used for
each type of spn.u.g commonly used.

20.1.2 Scope. The data in this appendix are
sufficient for general design purposes, and is
not intended to include information for un-
usua! designs or seldom used types of springs.

201.3 Abbreviations and Symbois. The foi-
lowing abbreviations and symbols are used
throughout the appendix unless otherwise

noted:

= constant, for rectangular wire.
= constant, for rectangular wire.

= diamator of wirs or side of aquare. in.

= modulus of elasticity in tension, psi

= deflection, for N coils with load P, in.

= deflection, for N eoils, rotary, deg.

= free length, unioaded spring, in.

= deflection, for one active coil, in., at ioad P.
= modulus of elasticity in torsion, psi.

= 113148 y Ak

= jnch.

= curvature stress-correction factor

= active length subject to deflection, in.
= length, in.

= pound

= applied load, Ib (also P,, etc.).

R e s e e
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spring rate, load per inch, lb/in.

spring rate, inch lbs per deg. {To

stress, bending, psi.

stress, torsional psi.

stress, torsional, due to initial tension, psi.
squared and ground.

= solid height, in. (or SL = solid length).

= height, load is dropped, in

= torque = P x R, Ib. in,

= total coils.

= thiclmess in,

= number of revolutions = F° - 360°.

= weight, Ib (also applied dynamic load).

= multiplied by

= constant, for coned disc (Belleville) springs.
= constant, for coned disc (Belleville) springs.
= constant, tor coned disc (Belleville) springs.

L T | |

Q

= uq‘:hi. mgle of movem

= pi, 8.1416, in.
= gigma, Poissons Ratio,

21. COMPRESSION SPRINGS

21.1 DESIGN FORMULAS. The design for-
mulas in Table II are used in the design of
helical compression and extention springs.
Note that the same formulas apply to both
types of springs. The formulas in Table III
are for determining compression spring di-

winne aAanl
mensions onay.

21.2 Compression Spring Ends. Figure 3 il-
lustrates the types of ends on compression
springs. Their characteristics follow:

{a) Open Ends Not Ground; also called

Plain Ends, has the largest eccentricity of
loading. These are used only when accuracy
of loads is not important. This type is seldom
used because such springs tangle severely

during shipping.

(b) Closed Ends Not Ground; also called
squared ends, cost approximately the same
as open end type and have less eccentricity.
This type is often used on light wire springs
under 14, in. dia wire and for heavier ‘wire
where the index axceeds 13,

(c) Open Ends Ground; also called Plain
Ends Ground, are seldom used as they cost
about the same as the closed ends ground,

QAR PNER AT

— e — -..L P Py

nt, deg.

, 0.3 for

59

but have high eccentricity of loading and
tangle during shipping. They are sometimes
used where the solid height is very limited
and it is necessary to have as many active
coils as possible in the least space.

{d8) Ciosed Ends Ground; aiso cailed

Squared and Ground, is the most popular
type as it provides a level seat and reduces

ides a le BB iAW sPUwLT

the tendency to buckle. This is the most ex-
pensive type and should be avoided for
springs made from very light wire. Each end
coil is ground for 270° plus or minus 30°.

21.3 DIAMETER CHANGES IN COMPRES-
QIO_N QPRWPQ wbnﬂ 2 halisal aaminwacainn

22 AV @ LTIIVEG VVALIMYITOJIIVIL

spring is compressed an increase in the out-
side diameter occurs because the angularity
of the coils changes sv that it is nearly at a
right angle to the axis. The outside diameter,
when the spring is compressed solid, can be
obtained from the following formula:

oD, = \/DH» F—4 44
"3
In which:
OD, = outside diameter at solid
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TanLE 1L Formulas for compression springs and extension
sprimge soithout imitinl temeion
Property Round wire Square wire Rectangular wire ¢
PD PD PD
Torsional stress, psi 0893 d? “o4ds & Bbt
s GdF | eGcar " AGtF
‘ *N D? SSEND? —NDT
8 PND? 558 P N D3 8, ND3
Deflection, in. Gar —Ga ACE
r «S, N D 232 8, N D? o
—Gd —ea | -
Change in load Ib Ly —Is Ii1—1ILa Li—L,
Ps—~P: ) 4 P ¥
Extension springs only P 3 r
Change in load Ib Le—1q Lz —1In Ls—1L;
Pz = P; ¥ r ¥
Extansion springs only P P P
Stress due W0 initial S, 8,
tension, psi -_— X IT - X IT — X IT
8,,
Rate Ib/in. P r L
r ¥y ) 4 ) 4 -
* Ses figure %
Tans II1. Compression spring formulas for dimensional chsracteristics
Tryve of aads
Open ov plain Open or plaia with Seuare or aloved Closed sad sTound
(et ground) onds ground (net ground)
Pitch FL-d rL FL—3 FL-—2d
» N TC N N
Solid Height (TC+1)d TCXd (TC+1)d TC X d
(SH)
N = TC N-TC—1 N=TC—2 N=TC—2
Active Colls or n‘” or or
P ) 4 4
Total Coils _FL—d yL FL—u +2 L= ..
(TC) P b 4 p P
Free Length (pXTC) +4 p X TC PXN) +8 (PXN)+2d
(FL)
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100

90

70 -—;--_.‘
" 60

x 100

40

30

Deflection

N

25

“Free leogt

Deflection in per cent of free length

20L - - -

AN

v i 2 o

Slenderness ratio =

Y L 30 ) 4’ 8

Free lon!th
Mean diameter

Fioomn 81

p = pitch, at free length
D = mean coil diameter at free
length

d = wire diameter

21.4 BUCKLING. Compression springs hav-
ing a free length greater than four (4)
times their mean diameter become critical in
lateral stability. When deflected beyond a
certain percentage of the free length &
spring will buckle. Figure 81 shows the maxi-
mum deflection which may be expected with-
out buclding if the ends of the spring are
closed and ground. Buckling can be reduced,
space permitting, by a redesign using a
heavier size wire and increasing the diame-
ter of the coil. Buckling causes an undesir-
able reduction of the load and may cause
early spring failure. If properly guided in a
cylinder or over a rod, buckling can be re-
duced, although friction against the guiding
member will affect the load and shorten the
spring life.

'21.5 DIRECTION OF HELIX. Unless func-

tional requirements dictate a definite direc-

tion, the helix of compression and extension
springs should be specified as optional. To
prevent intermeshing of coils when springs
operate one inside the other (see Figure 33),
the helixes should be specified "as opposite
hand. For the same reason, springs which
operate to slide freely over screw threads
should have the helix specified opposite to
that of the screw threads, but when a spring
screws onto the threads of a screw or bolt,
it should have the same helix as that of the
screw or bolt.

21.6 NATURAL FREQUENCY, VIBRATION
AND SURGE. The use of springs for loads
which are applied dynamically, i.e., with im-
pact or rapidly repeated will be in error if
the spring is designed on the basis of static
or slow loading. The load, stress, deflection,
etc., will have been caloulated for applications
where the load is applied and held, or the
rate of load application is below the natural
frequency of the spring. Because of the in-
ertia effect of the coils in instances where
the load is suddenly applied, the load on the
spring does not have time to distribute it-
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self uniformly throughout the mass of the
spring. This non-uniform loading causes de-

L\ ] P on\

fiection or a surge wave (see Figure 32) in
& few coils of the spring which r;su!t.s ina
high stress in this area and a lower stress

in the remainder of the spring. In apphca-
tions of high rate of repeated loading, non-
uniform load distribution occurs in the same
mnnner u suddenly ap'plxed loads and the

frequency of vibration, in some xnstances.
may be of such magnitude as to cause the
spring coils to clash causing the spring to
destroy its constraint on the mechanism.
This is known as spring surge.

The following methods may be emploved to
prevent spring surging:

1. Stiffen spring
(a) Increase diameter of wire
{b) Decrease mean diameter of
IPS;H'
) Decrease number of coils

A&/ &FSvaTm== 2228

) Use square or rectangular

wire
2 Use spring nests
n PYo . nmlme) amwee -
o. UBe il Spriaug

4. Reduce or vary the pitch of the coils
near the end of the spring
5. Use stranded wire springs

Formulas for natural frequency of steel
springs follow:

Fiouxs 32
UNLOADED LOADED
SPRING SPRING
781,800 4 1=
[ - id b - -
n = ND* n’ = 1876‘\‘I—.E
{Neglecting spring
DAY 44 )

mom are too IO‘V e
can-c-n OHA wﬂ. *n n‘.lh Ih oeNs' "al if th

s54 gy wasw—a

natural frequency of the spring is at least
thirteen times that of the maximum fre-
quency of the applied load, the design should
be satisfactory.

L3 TAMED A /"N
61.7 BIXAK Au:

21.8 SPRING NESTS. The nesting (one in-

] Sewepv e
Sowly applied lead Suddenly boad
w b 4.4
¥ om oms Pﬁ——
4 T
Applied laad Grepped vertisally Applisd luad with striking velesity of ¥ fn/ses.
(spstag tuttially ssmpuvemsed)® (spving in hovissntal plane)

‘U-ﬂb-nm-—-&ﬁ—l?,
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side the othar\ of helieal compression enrines

== eRIAVAL SRsh AL D

{see Figure 33) is a method of obtaining
maximum energy storage in a limited space.
It is desirable to design the springs for
equal life with 60 to 70 percent of the load
on the outer spring. Maximum energy stor-
age is obtained in a spring nest when the

value of the cnnnt.r indexos ara hetwaan E and

7, when solid lengths of all the springs are
approximately the same and when the work-
ing stroke (L, - L,) is of constant magnitude.
The percentage of stress reduction obtained
with nested springs is directly proportional
to the spring index of the single spring

when considering s constant working stroke.

Not only is a reduction in the final stress ob-
tained, but the use of nested springs effects a
similar reduction in the stress range. Figure
34 shows the variation of the percentage re-
duction in the finai stress and stress range

MIL-STD-29A

e
T

V4

T
By
L
)
T 1

Ficurx 35

i o
77777

with respect to the spring index of the single
spring. The graph is based on the conditions
that the nested springs and the single spring
have the same values for:

(a) Active solid height H,
(b) Load-deflection rate R

(c) Final Load P,
(d) Modulus of torsion G
(e) OD D,

The OD of single spring equals the OD of
outer spring in nested design.

21.5 COMPRESSION SPRING USED AS AN
EXTENSION SPRING Occassjonally cer-

tain applications require the action of an ax.

et v weaw

tension spring; but the use thereof would
produce excessive deflection. This deflection
would result in serious distortion, or set,

TARLE V. Curvature stress corvection fasters (K) for comoression and sionsion springs
Soviag K Seriag | 4 Seviag x Sering | 4
indes D/4 fmdee N/4 Si=2/4 inéem D/é
3.0 1.580 42 1381 58 1262 7.8 1.189
32 1.533 4 1.360 60 12852 20 1108
34 1.493 4.6 1342 6.¢ 1.238 9.0 1162
- 3.6 1.459 48 1828 63 1.220 10.0 1.145
s 1.430 6.0 1310 7.0 1213 11.0 11231
4.0 1.404 8.4 1284 74 1.200 12.0 1119
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of the extension spring and impairment of its
. fastenings (hooks). Under such circum-
stances, a compmsion spring can be used
to produce the same action (See Figure 35).

Qurabh n davina aa a thwanabh halé and wrachas
MUWLL & UTYIILT a3 a4 WU VUZL DUV 8lLIU Wadlltl,
, Ye-

or a yoke-like drawbar ean be utilized
:ultinz in a spring mount that has the carry
ing capacity and safety (by virtue of its

definite solid length) of a compression spring.

tions in spring design inasmuch as the deflec-
tion, stress, number of coils, and selection of
either tnnu.led or tempered materml depends

quire more than standard tolerances for
manufacturing; those with values less than
5 are difficuit to coil on automatic coiling

— el o

IaLnies.

21.11 CORVATURE STRESS-CORREC-
TION FACTORS.

() For helical compression and exten-
sion springs the ourvature stress-
correction factor (K) is deter-
mined from the following for-
mula: '

L, 4C—1 615
T cc—=1 T "¢

The total stress,
tMAX=S, X K
(h) Far halical torsion 3“1'*...3‘9 the cur-

vature stress-correction factor,

(K,), is determined from the fol-
lowing formula:

C*—C—1

4C (C—1)

The total stress,

SMAX=S, X K,

Values of (K) are obtained from

on
on

AAIR STH ANnA
VUL~ | L=LT

Table V and Figure 39. Values of
(K,) are obtained from Figure
51.
EXAMPLE. If a spring with an index of
.4 has a torsional stres:r, S, of 80,000 psi,
what ia tha
the table it will be found that K equals 1.200;
therefore, the total stress equals 80,000 tu'na
1.200 = 96,000 psi. This is the stress that
should be compared with allowable stresses
to determine whether or no tthe spring is
safely designed, and is the sole use made of

-3

In designing a spring it should be borne in
mind that the total stress, as determined 'by
thie -.mn. ~d -l.-..l.: nmd Lo e
wAAD uxw. SIIVWIU UUL U uSeu ln WICGMU‘

ing the deflection or number of coils. The
torsional stress S, = PD/0.893 43 or S, =
G d F/n N D? should be utilized for such

purposes.

21.12 KEYSTONE EFFECT. When square

Wireé Ena recanguiar we are coued into
nrings. a chanoe in shana sssuve Mhia
RGPS A BINPT VA ULS. & AAAD

rial on the ontsxde dxameter is drawn into the
spring and the material on the inside diam-
eter upsets, thereby changing the wire into
a ‘trapezoidai section. The original thickness
01 ‘l'.ue WIIV lS mainmmeu It or near me

mean diameter of the coil. It is necessary ¢5
SASIERED WSSLRLES A® 0 MTUVCIOOAL ,

take into account this upsetting of the mate-
rial in determining the solid height of the
spring. This dimensional change depends up-
on the spring index and the thickness of the

material and may be determined by the fol-
An;—!

wla o
Wb «

P
AVI A

v=o048t (-9 .1 )
\ D /]
¥ = new thickness of inner edge after
coiling

t = thickness before coiling
is formula may be used
for both square and rec-
tangular wire.
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COBSTANTS & AY" D POR RECTANGWLAR OR RO Wit
T .00
.63 012
- S3- 4 - 831 restenguier sestiou) |t )
.eee ,/ s ./ . = .eon
.57 / < 878
/ § - Bwetsagular vire with Sharp eoveere
sse .33
y
FTTY A Z ”“M } s2s
J /7 6. 0 - Becteaguier Sire PIIN reved esrueve :
o A (relles wire) -
590 - .
.o / // /‘f L4138
sot—1 A aso
.48 , // - .03%
o ] e
K Y aaaden SRR o 378
o O v S R Y N S ) T.X 7% 3 —% T 1 3%

0

» (01413 © aliveye the | «rvde)
— _r___m._.

t “(TETchasss & sTonve ibo sherter siee)

Ficuez 36

21.13 CONSTANTS FOR RECTANGULAR
WIRE. The constants A and B in the for-
maulas in Table II for compression and exten-
sion springs made from rectangular sections
having either sharp or rounded edges are
shown in Figure 36.

2114 PRECAUTIONS AND SUGGESTIONS
FOR EFFECTIVE DESIGN OF COMPRES-
SION SPRINGS.

(a) Compression springs ordinarily
should not be permitted to go solid; excep-
tions oecur when they are used as bumpers.

(b) Whenever practicable, springs should
be designed so that if they were compressed
to the solid length the corrected stress still
would not exceed the minimum elastic limit.

(¢) The length of a compression spring
at maximum working deflection must not be
too close to the solid length. As a minimum,
a8 clearance of 10% of the wire diameter
should exist between the coils.

(d) The selection of springs for continu-

ous cycling should be made so that the stress
(MAX STRESS — MIN STRESS)
—  MAX STRESS
will be as small as possible consistent with
other design requirements.

(e) The outside diameter of a compres-
sion spring when compressed solid must be
Jess than the minimum hole diameter, if the
spring operates in a hole. When operating
over a guide the minimum inside diameter
must be larger than the maximum diameter
of the guide.

(f) The possibility of buckling should
be investigated and guides used i necessary.

(g) Use compression springs in prefer-
ence to other types as they are easier to pro-
duce, less expensive and have a deflection lim-
ting feature in the solid length.

(h) The best proportioned springs from
the standpoint of manufacture and design
have a spring index between 7 and 9, ai-
though indexes of 5 to 16 are commonly used.

(i) For indexes less than 5 in the larger
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diameter wires, it may be necessary to use
annealed material and harden after forming.

(i) Specify baking immediately after
plating to relieve hydrogen embrittiement.

(k) Three compression springs of iden-
tical characteristics standing side by side (in
parallel) will have a spring rate and a solid
load three times that of one spring.

(1) Three compression springs of identi-
cal characteristics placed one on top of an-

other (in series) will have a spring rate only .

one-third that of one spring and the solid
load will be the same as for one spring.

21.15 TABLES OF SPRING CHARACTER.

CEESENS Ve Wk aves T waaimavial a ajdas”®

ISTICS FOR COMPRESSION AND EXTEN-
SION SPRINGS. Table VI, in 5 parts, may be
used in the design of helical compression and
extension springs made from round wire.
The data in Table VI also may be used for
square wire by multiplying the deflection per
coil f by .707 and the load P by 1.2. In these
tables, the upper figure in each box is the
deflection { in inches of one coil under a load
P in pounds, which is the lower figure in the
box. Both terms are based on a torsional
modulus G of 11,200,000 psi and on an uncor-
rected torsional stress of 100,000 psi, which

arvanli P g S L &

simplifies changing to other stress vaiues.

21.15.1 Example. If a helical compression
spring has an OD of 13{; in. and is made of
041 in. dia wire, the tables shows that at a
torsional stress of 100,000 psi such a spring
would exert a load of 8.51 lbs and esch coil
would deflect .407 in. I¢ the spring had 5 ac-
tive coils, the load would be the same, but the

deflection would equal § X .407 = 2,085 in.

If the allowable stress were only 60,000
psi, both values 3.51 and .407 should be multi-
plied by .60.

21.16 DESIGN NOMOGRAPHS FOR COM-
PRESSION AND EXTENSION SPRINGS.
As an alternative to Table VI, the nomo-
graphs, Figures 37 to 42 may be used in
the daig‘n.oi compression and extension

MIL-STD-292.

springs made from round wire. Note, how-
ever, that the values of the torsional modu-
lus G used in Table VI is 11,200,000 psi and
the value used in the nomographs is 11, 500,
000 psi. The design conditions will indicate
the type of material required for the appli-

cation. It will be noted from the formulas for

deflection (F) in Table II that the deflection
varies inversely as the first power of G.
Therefore, for materials having values of G
d:ﬂmng from 11.2 X 10* or 11.5 X 10* the
vaiue of F (or f) determined from the use
of either Table VI or the nomographs must
be corrected by multiplying by the ratio of
112 X 10* (or 11.5 X 19°) to the proper
value of G for the material.

21.16.1 Example. Design a spring to develop
a load (P;) at final assembled length (L,),
the OD of the sprmz bemg limited to a

maximum punmwme value and the initial
assembied length (L,) also being known.
Thus the approximate-mean spring diameter
(D) is known. Assume a stress valve some-
what lower than the recommended maximum
working stress for the selected apring mate-
rial and the intended service (deflection
cycles). On the nomograph of Figure 37 or
88, connect with a straight line the value of

P, on the (P) scale with the value of the

mean spring diameter on the (D) scale
Through the intersection of this line with
the transfer axis AB, draw a line from the
assumed value of the stress on the (S) scale
to the (d) scaie and read the wire diameter
(d). On the left portion of the nomograph
of Figure 39, draw a line through the values
of wire diameter and mean spring diameter
on the (d) and (D) scales, respectively, and
read the curvature stress correction factor
(K) on the (K) scale. Determine the correct-
ed stress by multiplying K by the assumed
stress used in the above derivation of wire
diameter (d). If the corrected stress is great-
er than the recommended maximum working
stress, the pring must be recalculated using
a lower assumed stress in the determination

of wire diameter. Also, as stated in para-

v ) SLRITS

»
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graph 21.14(b), it is desirable to leave an
additional margin whenever practicable so
that if the spring were compressed to solid
length the corrected stress still would not
exceed the allowable working stress. Cn the
nomograph of Figure 40 or 41, connect *. 1t
a straight line the value of final assembied
Joad (P;) on the (P) scale with the value of
mean spring diameter on the (D) scale.
Through the intersection of this line with
the transfer axis AB, draw a line from the
wire diameter (d) to the (f) scale and read
the deflection per coil (f). Values of total
number of coils (TC), active coils (N), free
length (FL), solid height (SH), and correct-
ed stress at solid height (if pertinent) may
be determined in a manner similar to that
described in paragraph 21.17.

21.17 EXAMPLE OF COMPRESSION
SPRING CALCULATION. A compression
spring is required to have the following char-
acteristics:

Work in a 134 inch diameter bore

Final Assembled Length, L,=114 in

Initial Assembled Length, L,=1%; in

Lotd at L"P|=25 Ib

Desired Load at L,=P;=20 Ib
(tentative)

Frequency of Deflections=2000 cycles
per hr max.

Total Deflections= 500,000 cycles

Ends closed and ground

These additional drawing requirements must
be determined:
Material specificatigon

Free length
Diameter of wire

Total eoils, REF only
Proceed with the calculation as follows:
Select music wire for the material. )
Utilizing Table VI in this calculation, an
OD alightly smaller than 1%, and a load
greater than 25 1b should be selected.
Thus from Table VI, select
OD=.750 in.

68

Load=380 Ib.

Deflection at 30 Ib=.1574 in. per coil

Dia wire=d==.080 in.

Above values are for a stress of 100,000
psi

D=0D —d=.75 —.08 =.67 in.

The clearance between each coil when

spring is at final assembled length should be
a minimum of 10% of the wire diameter.

Using 10%, d + clearance=1.1d
Total coils=TC=L,/1.1d
1.125
= fix o128

Use TC=12

Active colls=N=12 _2=10
Defl/coil/lb =.1574/30=.005625 in.
Defl/10 coils/lb =.0525 in.

LI,

1625 —1.125
0625

=9.51b
P1=P, -'-9.5=25 ‘—9.5=155 lb

This is smaller than the desired load of 20 Ib
at initial assembled length. If the 155 Ib =
15 Ib load is acceptable, proceed with the
computation. If not acceptable, a more fiex-
ible spring must be designed. This will re-
quire one or more of the following changes:

(a) An increase in the final compressed
length, and the same increase in the initial

compressed length to allow for additional
cofils.

(b) An increase in D, possibly accom-
panied by an increase in d in order to main-
tain a safe stress.

Assuming in this case that a P, of 16.5 b is
aatisfactory, proceed as follows:

Free length=FL=1.125 + (25 X .0625)
=1125 + 1.31=2435
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Solid height=SH=12 X .080 =.96
Total Deflection=2.487 —.96=1.477
Load at-Solid Height= -%—:2—577—-28 Ib

Stress at 28 Ib=100,000 X 28/80

e AB AN ___T

= 83,5600 psi
Stress at 25 1b=100,000 X 25/80
=838 500 psi
81

D e

MIL-STD-29A

From Figure 89, Correction Factor K
=116

Corrected Stress at 28 b (Solid Height)
=98,600 X 1.162108,000 psi

Since this spring is not designed to daftect—

to solid height in normal operation, the fre-
quency of such a deflectin. should nct ap-
proach the magnitude of even light service.
The minimum elastic curve provides the limit
for the maximum allowable solid stress.

a——eea. 20 e maans—

From Figure 62, the recommended maximum
solid stress for .080 music wire is 140,000 psi.
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4t . amwmmantad strace

DCDCE, uie CurrIciicu su
is less than the recommended minimum ela
tic limit and is satisfactory.

Corrected stress at 25 1b==83,500 X 1.16
=97,000 psi

From paragraph 28, Average Service would
cover 500,000 cycles at a frequency not ex-
ceeding 2000 cycles per hour.

From Figure 62, the recommended maximum
working stress for .080 music wire under
average servxce 1s 112,000 psi. Therefore

i‘ 5
o
Q.
4]
w
)
M\
ﬂF
o
=h

From Table III, p

I

2437 —2 %X .08
10

p* — d*
OD.= D® + s + d
kis
I' 2287 — .08
= /.67 + - + .08
= .753
Tenrm Tahla YUY talarannsan an NNDN= 4+ N1K
4 1IVIILI A aQaUIT L2V 4, VUITLGl1ILT Vil Vv — AT AU
Hence, Max OD=.753 + .015=.768,
which is satisfactory in an .812 dia bore
MM f mo~rivameants hawra hane mmané hey o0 anwing
1 I I ULICIIITIIL L YC T JIICL U a JSplLilly
having the following characteristics

a ad lanath hawvine haan
Semoied ehnigul navilig ©Oeel
chanoed to 15.5)
caangec o 1o.2)

21.17.1 Necessity for Several Calculations.
Frequently the first set of calculations does
not result in a satisfactory design for the
conditions involved. It is usually necessary
to make several sets of calcuiations before
ning the final de51gn This often is

matimnd e o abmacs dlabk la dan o AR
CaUStU DY 4 SLITSS uldl lb wo lllgll, a Uullll-
ol indae nr mannfastuma nr a lanot
Culal INGEX iI0r Maduialiuic, O a i

75

21.18 STRANDED WIRE HELICAL COM-
PRESSION SPRINGS.

andard srie a has
nualru VVIIC iiave an

ment of thelr conls under shock loadmg. Un-
der such conditions of loading, they have
withstood 3 to 4 times as many deflections as
‘round wire springs having the same load-
defiection and stress conditions, before fail-
ure. For this reason, they have been used

achine cuns, Thev do not have longer

AT piaS, Al MU AUV Ve sVaip vl

life than round wire springs under normal
types of load applications. Good results have
been obtamed by using three strands of mu-
sic wire twisted so that the ratio of length
of lay to the strand diameter is between 5
and 51%. The length of lay is the distance
parallel to the strand axis in which a single

i 0o . Preforp;nnn' the wire
by twisting it slightly just prior to the actual
stranding operation helps to keep the strands
tightly together. Corrosion resisting steel
wire also could be used, Springs with an in-
dex D/d of 13 can be coiled on automatic
spring coilers, but springs with a smalier in-
dex usually require coiling over an arbor.
Shot peening is not recommended as the small
shot lodges tightly between the strands and is

difficult to detect and remove. o

21.18.2 Stress. High stresses are used in de-
s1gn The followmg stresses have been used

21.18.3 Formulas fer 3 Stranded Wire Spring
Design Follow: The S, and d values are for
each strand of wire, and P is the actual load
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The design procedure is the same as for
other types of compression springs except

that each strand carries its proportionate

having hook (loop) ends causes the hoo
to deflect. The amount of this deflection de-
pendsonthetypeofhookused For a half
hook the deflection per hook is equivalent to
.1 of a full coil and the total number of active

76

coils for design purposes will be N + .2.
When a full hook is turned up from a full
coil, the deflection per hook is equivalent to
.5 of a full coil and the total number of active
coils for design purposes willbe N + 1.

222 STRESSES IN HOOKS OF EXTEN-
SION SPRINGS. The hooks at the ends of
extension springs are subjected to both ten-
sion (bending) and torsional stresses. See

ﬂ"t amewma A

Figure 43. These combined stresses are fre-

quently the limiting factor which determines
the characteristics of the spring. These
stresses occur at the base of the hooks and
their magmtude is higher than the stress in

AL S_ 2 _

the body. Therefore this is the weakest point
m an exr.ensxon S'px“'iﬁ nd the stresses

o TV e
curves, Figure 62, °ecaon 11 of this Appen-
dix, if long life is required.
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"FIBER STRESS (Not Corrected for Curvature) vs. LOAD
Helical Extension and Compression Springs
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Haelical Ext-nsion and Compression Springs
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FIBER STRESS CORRECTION FOR CURVATURE
Helical Extension and Compression Springs
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DEFLECTION PER COIL vs. LOAD
Halical Extension and Compression Springs
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- P r;=Inside Radius of Hook, in.

¥ 1 ro=Inside Radius of Bend, in.
Lg _y For best results the inside radius should be
/_'l m at least twice the wire diameter, Special ends
77T\ i can be used when high stresses occur in the
, hooks. By using a smaller diameter for the
Y/“d ™) A last few coils, see Figure 44, before the loop,
ra_ll ( /A‘ the magnitude of PR is reduced. Thus the
r- siress is reduced in direct Proportion to the

V4 i o P .

(——:—J__"'(/ ,-’W,é' decrease in the magnitude of PR. By using

The values of r, and r, can be determined hy
layout.

In extension springs with hooks bent off the
body (see Figure 6, Off-set hook at side)
the moment arm of the load on which the
maximum torsion stress in the spring de-

PR o It . pends is about twice what it would be if the
*~ 098 @ I, load were applied axially. This means doub-

ling the stress fo iven load.
Torsional Stress at Section A’ g r a give

as large radii for r, and r. as the design will
- ] permit the stress value is further reduced,

Fourz 43

Bending Stress at Section A.

16PR r, 22.3 INTTIAL TENSION. Initial tension is a
=g X T load in pounds which opposes the opening of

the coils by an external force. It is wound

Whereft : into the springs during the coiling operation.
r,=Mean Radius of Hook, in. Extension springs will have a uniform rate
rs=Mean Radius of Bend, in. after the applied load overcomes the load due

TR A\
/AN FaT\
(NS NFH—
— e
—— =
|

1

/

S#
S

N
X
N

y

L

Foone ¢4

83
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to initial tension. The number of coils do not
affect the amount of initial tension except
when the weight of the coils is heavier than
the initial tension. The amount of initial ten-
sion is dependent on the spring index (D/d) ;
the smaller the index the larger the initial
tension. Initial tension does not increase the
ultimate load or capacity of the spring but
causes a larger portion thereof to be exerted
during the initial deflection. For example, if

the initial tension is 4 lbs and the spring

rate is 9 lb then, at 1 inch deflection the

load is
(1 X 9) + 4=131

3-inches deflection the load is
(3 X9 + 4=31D

In computing the total torsional stress add
the torsional stress caused by initial tension
to the torsional stress caused by defiection.

Figure 45 shows the amount of initial tension

in terms of torsional stress (without applica-

tion of curvature stress correction factor)
which can be coiled into extension springs
made of music wire, oil tempered, corrosion
resisting steei and hard drawn spring steeis.
Reduce these values 20 percent for springs
made from nickel-base alloys such as Monel
and Inconel. Hot rolled springs and those
made of annealed materials cannot be wound
with initial tension. Springs which require
stress rehevmg will lose 25 to 50 percent of

PR, L,. A AW _

their initial tension. This loss can be compen

sated for during the wiling operation by

winding more initial tension into the sp

and thus obtain the required initial tensio:
after stress relieving.

3E

22.4 EXAMPLE OF EXTENSION SPRING

P G Sy

CALCULATION. An extension spring is re-
quired to exert a force (load) of 271b at 2 in.
deflection and be deflected an additional 3
in. (5 in. total) and then exert a total load
of 55 Ib. It must operate within a 1.812 in.
minimum diameter bore.

Select a suitable oil tempered wire diameter
and determine the number of coils, length

over coils, free length inside ends, maximum
extended lenzth msxde ends thhout set.

will be found that a spring
* -l e Lo K/

a i.i‘s. and made from 33
in. (0O.156 diameter wire will exert a

e A WeaLU 28 RATLSNRL Xy as ALY

force (load) of 94.0 Ib at a stress of 100,000
psi and have a deflection per coil of 0.456 in.
at that load.

[ =

n

35
Stress at 55 b= -9—4-‘>< 100,000
=58,500 psi
55 27
Rate or load per inch, =9.83 Ib/in

Load due to deflection of 2 in.,
2 X 9.33=18.66 b

Load required is 27 1b; therefore the initial
tension is 27-18.66=8.34 Ib

Load at 6 in. deflection=(5 X 933) +
8.34=46.65 + 8.834=54.99 (say 55 lb)
Stiress at 5 in. deflection (due to 46.651b

loaq) =
46.65
— 10NN NN e AQ LRN enmi
94 A AUV,UUU=4ay,G0ov pSi
Stress due to initial tension,
8.34 .
%X 100,000=8,880 psi
94
49,850
Deflection per coil, 160,000
0.456=0.226 in.
Number of active coils for 5 in. deflection.
5 A a V s o 2 Y
EG_=ZZ“" (say 22)

Length over eoils, (22 + 1) X 0.156=3.58
(SS_Y 3'-,'1; in-)

Length of hook (assuming 80 per cent of
ID), 0.80 X 1L437=1.15 (say, 1%; in.)

Free length, inside ends (hooks), 3%, + (2
X 184, in.J =574 in.



Downloaded from http://www.everyspec.com

The formulas for solving the exampl) o

Strcs.sduetoﬁ(islbload.

314 X 99,650 X LEoar =221

PP P

= 8,870 psi
Final stress, 49,650 =+ 8,870
=58,520 psi

Spring Index=

Sinice the allowable stress from Figure 62=
92,000 X .85="78,200 psi, design is satisfac-
tory so far.

X_...__

719
Since the allowabe stress from Figure 62=

AnA L e e o

82,000 X 1.5 = 138,000 psi, the present hook

=130,000 psi

85

MIL-STD-29A

To detemune the maxium extended length in-
side ends without permanent set we deter-
mine {Fignra €2) the minimum eiastic limit
for 156 dxa oil temuerpd wire to be 100 000

AVV,VUV
X .85 = 85,000 pai.

_A_!lowing for cun‘tufe stress eorrection
8 00

yvve

i =75,800

able VI, we know that 2 load of 94
tce a stress of 100,000 psi. There-
‘.uvuul.mg h) 300 psi is as

naAd
val

]
-3
o
(o

Since foad at 5 in. ‘= 55 Iy and rate
9.83 Ib/in., a 71 1b load would occur at

71-55 16 _
5.33 5me—"9‘§3-+9=1.715 +5=

6.715 in. (say 654 in.) This length is tenta-
tive, depending on the following stress

ahnalea

WITWAD.

Checking the torsion stress in the hooks at
maximum extended length (load=71 ).

16P

o o T 16 X 71X 797
2T Twd T T Tw(00380)
XT9—84.000 psi

Qimamn 4ho 1Mo

SiDCe tue aliowable torsionai stress from

Figure 62 = 100,000 X .35 = 85,000 psi,
the hooks torsional stress is satisfaeto ry.
Checking the bending stress in the hooks
at marimum extended length (}.,-,aa =711b)
PR r,
= TmE X
71 X .797 797
098 X .1563 ~ 719
= 168,000 psi
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Since the allowable bending stress at maxi-
mum extended length = 102,000 X 1.60 =
153,000 psi; the hook is overstressed and the
maximum extended length must be decreased.

Therefore, we calculate the maximum load
without set.

158,000 X T1(153,000)
168,000 71 '~ T T 168,000
= 64.7Th

Since 65 Ib b in., with rate of 9.88 Ib/in.,
a 64.7 Ib load would occur at

64785 L. _ 8T . o
—pa3 0= gzt i=1lM+iE=
6.04 in.

The maximum extended length inside ends

without permanent set is: 6.04 + 5.876 =
11.915, say 11.90.
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225 PRECAUTIONS AND SUGGESTIONS
FOR EFPECTIVE DESIGN OF EXTEN-
SION SPRINGS.

(a) Avoid using enlarged, extended, or
specially shaped hcoks or loops; they may
double the cost of the spring and have high
streas concentrations.

(b) If a plug must screw into the end

of a spring, the spring should be coiled rignt
hand.

(¢) Nearly all extension springs are
wound with enoug'h initial tension to keep
the spring together. Always tigure on at least
S to 10 per cent of the final load as initial

tension, unless otherwise specified.

ctroplating does not deposit a
ﬂno on b‘gn "\-uI- n’ ar natwraan

s vassy Wii . UL LUCwvy Coady

1s of extension springs.

I:

(e ) 2a0CLs on exiension 3,'3-';11 s deflect

under a load. Each half hook, made by bend-

ing one-half of a coil, deflects an amount
equivalent to 0.1 of an active coil. Each full

anlea an awbanainn

E
o+ M
;‘ )

:

B

d
>

3

]

=
2%
g -]
db 5

o

@)

o]

Q

iy

a OD A

AT PBIMAT RS WIT JAS

(34 bt 2
and the distance from the end of the body,
or from the last coil, to the inside of the
hook about 75 to 86 per cent of the ID of the
spring.

(h) The body length or closed portion of
an extension spring equals the number of
coua in me body plus one, muitiplied by the

eama ao anwine
SPpPr »

{i) When defiected 11} times the maxi-
mum defiection as assembled, the total stress
should be less than the Minimum Elastic
Limit shown by the curves in Figure €2, as
modified by their multiplying constants.

22.6 GARTER SPRINGS

[ 2]
[ ]

22.6.1 General Close coiled extension springs

used in the form of rings by connecting the

ends are often used as driving belts, for oil
seals and as retainers. The ends may have
half or full loops and then be hooked together
or one end may be reduced in diameter for

dhman b el 3 PR, = mwa e

taree 0 8ix coils and screwed into the other
md (‘Aﬂ“m{ﬂﬂ t_h. Ahl‘. orith o canannéa

vvvvvvv Waiakdd acyuAavc
short section, ulled a connector, is occasion-
ally done.

Beﬁection, = m (Shaft Diameter - OD
of spring) ~— (FL)

G d¢
BND

Pressure per inch of circumference on
shaft for spring with initial tension, equals
27 (ID of Connected Ring) r -

Shaft dia

Rate=r =

D mw -
o WL o——

sha.f;. divided I)y the number of act‘ve colls
per inch of spring.

A close wound ex ()}
nring made from 0.050 in. dia wire with .40
P e Irom Q.00 ¢la wire, with .<¥

rinz, 25 b IT with half hooks Jomed to
form a ring is expanded over a 6 in. dia
shaft. What is the pressure per inch of cir-
cumierence on the shaft?

FL=#(3.4 + .40)=11.95 in.
FLalso=d(TC +1) + 2 (ID/2)
=.050 (232 + 1) + 2 (.300/2)
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—=oN1N __11 08 — R 1§ in
&N A Adovs NSl 2ide
G a¢ 11.2 > 10® X .050%
ate = r = - = = —— ———
i & N D* 8 X 23 x .350°
=.877 1b/in.
(.2 coil allowed for deflection of 2 half
hooks)
Pressure per inch of circumference on
—l o £4
sn0aic,
2n3.4 X 877 2 X256
armalc O ( RT7TN _ <+
equals 27 ( 877) 3 ; 3

= 3.22 lb.

23. TORSION SPRINGS

23.1 DESIGN FORMULAS. The stress in
helical torsion springs is a bending or tensiie

stress. The stress caused by a load should be

MIilL-STD-29A

red with the elastic limit in tengion of

the materi n determine the allowable
stress Companson should also be made with
the curves of allowable stresses (corrected
for torsion springs) as shown in Figure 62,
Section II, of this Appendix. In Table VII
for helical torsion springs two formulas are
nsnea for each property. Either may be useu ;

23.2 STRESSES IN TMORSION SPRING
ENDS. Frequently the limiting stress value

in helical torsion springs is the stress value
in the ends. When a helical torsion spring
has an eye as in Figure 46, or bent off the
coil as in Figure 47 the stress at the inside
of the bend is a tensiie stress. The sharp
curvawre causes the neutral axis to move in-

TABLE VII. Formulas for helical torsion springs

Property Round wire Square wire Roctangular
wire *
EdsF° Edepe Ehts P
Torque, 1b in. 4,000ND 2375 ND 2376 ND
T
{alzs, PR) S, d? S,ds S.bt2
10.2 6 6
- _102PR _6PR 6PR
amng 3 3 2
streas, psi d d bt
S, EdF° EdF° EtF°
39Z2ND 38ZN D 39ZND
4000 PRND 2316 PRND Z3TOFRND
Deflection, E d¢ E ds Ebtd
Fe 292S,ND 2928 ND 3925, ND
Ed Ed Et
Change in F°p —F°, Feo—F* F°a —F°
moment j o2l F* Fe
T,—T, T T T
}IZ‘ uf't.er N (ID free) N (ID free) N (ID free)
deflection _——N F* — p- —xe
e + N 4 ——
10, 360 360 360
Rater, I I T
ib. if./Deg F F° F°

When a spting bas (makes) several complete revolutions, F® == 360° multiplied by the number of revolutions.

® Rectangular wire may be coiled on edge or on flat, but b is alwuys paralle] to the axis of the spring and t is always perpem
dicuiar to the axis.

ao
<w
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tensile stress becomes that of a cantilever
loading multiplied by a constant (K). The
formuls for determining the stress in the

bend of the eye in Figure 46 follows:

_ 82 PRK
=
wd?
Curvature Stress Correction
Where: K= poctor F igure 51
R=Mean Radius of Eye in.
_ID of eye + d
- 2
_OD of eye —d
2

(1 {YLL2
VA& T
UyJ

For bends off the e¢oil as in

stress value in the bend is:

Where 1,=distance from center of bend to
) Py |
10aQ

K =stress correction factor Figure
51.

For the determination of K from Figure 51
in this instance D = 2 times the inside radius
of the bend.

(See Figure 48.) Such ends defiect as a
cantilever and may be calculated as such or
the formula for spring rate including arms
may be used.
The formula for spring rate when the de-
flection of the arms should be included is:
Eqd*
rn=
1170 (L + 2 s )
L+—s+73)
1,=Length of arms from the center of the
coil to the point of load, in.
1,=Length of arm from the center of the

23.4 CHANGE IN DIAMETER AND
LENGTH. When a helical torsion spring is
defiected a reduction in diameter and an in-
crease in Jength coccurs
hinding or scuffing, which reduces spring
life, sufficient space must be provided when
operating over a rod or in a cylinder. The
new inside diameter ID, in a helical torsion
spring due to deflection is obtained by the
formuls shown in Teble VII. The shaft diam-
eter should be slightly less

lated diameter to prevent binding and dis-
tortion in service. The change in length is
due to the increase in the number of coils

at the deflected position. 1f a helical torsion

T

curs. In order t¢ pre‘.’e!'.t

+ tha aalan,
Wil WIT Laivu~
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NEGLECTING
ARM

spring makes one complete revolution the
increase in length is equal to one thickmess

wrivra nlre an allawraman fac amans ha

PO
of wile, PilS &0 &u0Wande 1or the space ve-

tween coils, if any.

235 HELIX OF TORSION SPRINGS. The
hand or direction of coiling (helix) should
always be specified for torsion springs. A
torsion spring should be so designed that the
applied load tends to wind up the spring and
increase its length. In springs operating un-
der high stress it is desirable to design the
springs with open coils. A slight space of
about 4, inch or 20 to 25 per cent of the wire
diameter will eliminate friction between coils
and reduce stress concentration which will

lengthen the spring life.

am lama haliaal

"‘V’h‘ll WU ucuux
torsion springs are used there exists the pos-
sibility of buckling. Since buckling will cause
abrasion between coils, erratic loads and
early spring failure, it should be avoided.
Buckling may be reduced in varying amounts
by providing some means of lateral support
such as:

1. Mounting the spring over a rod or
guide.
- 2. Mounting the spring in a tube.
3. Clamping the ends,

91

DEFLECTION

INCLUD ING

4. Winding the spring with a small
amount of initial tension.

23.6 DESIGN NOMOGRAPHS FOR HELI-
CAL TORSION SPRINGS. The nomographs
in Figures 49 through 64 are for general
guidance. They are based on a modulus E of
30,000,000 and can be used to reduce the time
required to design a helical torsion spring.
All results should be checked by the formu-
las in Table VII.

23.7 MOMENT VS. WIRE SIZE CHART.
Table VIII is an aid to quickly determine the
torque. (T or PR) that can be applied to a
wire dia.meter at the suggested basic stress
listed. For example, what wire diameter is
required to support a torque of 10.5 in. lbs?
From the table it will be observed that .090
in. diameter music wire or corrosion resist-
ing steel; 0915 in diameter carbon or alloy
steel and .125 in. diameter copper and nickel
alloys (phosphor-bronze or monel) could be
considered. The final determination should be
arrived at by formula and evaluation of al-
lowable stresses denending unon tvna of

SERSRONS B[N pTAliile wpva v pe Vi

service. The basic stress indicated is a bend-
ing stress S, caused by a torque T or PR,
corrected for curvature.
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FIBER STRESS CORRECTION FOR CURVATURE

Torsion Springs

Using Correction Factor Found on Left Half of

Chart — Determing Trus Fiber Sarem

Find Correction Factor

~ ‘ m )
3 w Bg 06 Q1= verivey I S00NG 204
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" NI
§ §
02593U1100 = W S8 6  §) = werive} 1 SSeNg Sad
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m
£2
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TURNS SPRING WILL GIVE PER COIL vs. MOMENT
Torsion Springs
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TURNS SPRING WILL GIVE PER COIl vs. MOMEINT

Torsion Springs
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TURNS SPRING WILL GIVE PER COIL

Moduius (E) Other Than 30 X 10*

"

P88 B

amm

E..

£-10,000,000

_f

Torme

Ei E §

Tread

oor Coll-- Based o
:

por Coll Far Other Meduti

Tueng

L4

CARBON STEELS —mmeeee0 2 10°]

R 1 1)

P EE LB

PHOSPHOR BRONZE~- 2 ~13 1 1

>
3

Module

)

OJIJ

R IOUOR 1 1 X

R

2t



Downloaded from http://www.everyspec.com

MIL-STD-29A

TAsLE VIII. Moment vs. wirc size chart

MUSIC WIRE CARBON & ALLOY STERLS| COPPER & NICKEL ALLOY!

Comvested | Wire| Besle | Camected| Wire| Bosic | Comectod] Wirs| Besic
Moment | Diem{ Siress Momont | Diem] Sirese
tcda. in. pel ih.-la. in. ol

m

20101 | 008 | 201,000 1.013 | .041 |149,500 00358 | .008 |71,200
0143 | 009 | 300,000 1.555 | 0475 |148.000 L0309 | .009 | 71,000
0196 | 010 | 199,300 227 |.034 |144,700 00694 | 010 | 70,000
0289 | 011 | 198,500 3.47 |.8625 |145,000 00028 |.011 {70,600
H337 | H12 | 190,008 .24 |.872 |143.000 0182 |.013 {70,300
H4328 | 013 {194,000 7.12 |.Bs0 (141,500 0189 }.014 {70,200
8427 | .614 | 195,500 10.49 |.0V1S {139,500 0281 {.08 |69,000
4708 | 016 | 194,000 L3V 1897 [139,000 4396 [.018 69,500
3183 | 818 {193,000 15.72 |.1088 |134,600 0846 49,300
1808 | .020 |192,000 23.08 |.1308 134,000 0837 49,100

£520

023

199 1.072 190,000 28.3 138 |133,000 3036 |.02% 109,080

3286 | 024 |189,000 n.e 138 {131,700 1638 |.020 |68,200

333 |.036 |167.500 441.4 1403 129,200 210 032 |67,9%00

443 |.020 |183,000 48.0 .1862 120,100 310 038 (47,700

533 |.03) 1182000 33.3 583 |127,100 432 £40 |47,200

438 043
881
487
D4
o732
080
09

66,900
66,500
68,400
64,600
64,100

033 (181000 | 680 |77 {134,000 | .59
Jss |.e35 1793080 | 790 |.vers h123,000 | .see
206 |.037 170000 | 8s.0 [.192 22,400 | 1Iee
1.630 |.039 |177000 | 1066 {.307 130,200 | V.604
3.385 {.0841 [173,500 | 1168 [.2187 11,000 | 2.35

1.350 |.043 [173,000 | 131.0 2253 (117,000 | 3.17

1.838 |.048 [171,300 | 163 2437 115,000 | 4.0
.73 H47 (170,000 | 17§ 350 |114,000 | 643
.98 049 {169,000 | 199 <2628 112,200 | 8.82
.18 081 [167,300 | 239 2812 (109,600 [11.5

.70 H88 165,000 | 301 3048 104,400 |12.2
.24 089 (142,000 | 315 3128 (105,300 |17.2

.98 063 161,000 | 367 33 93.000 |23.9
470 087 139,300 | 403 3437 (101,700 [33.4
.50 £71 (157,000 | 464 .3628 | 99,000 |43.9
(% 4 A78 154,000 | 306 .373 97,800 3.5
7.68 A00 183,000 | 878 3939 | 95,000 07

.04 088 [180,000 | 6323 4062 | 94,600 122 299
10.56 090 [347,500 | 753 4378 | 91,800 19 328 80,100
12.30 095 [144.500 | 098 4487 | 88,000 234 348
14.38 700 [144,000 %0‘. .500 84,500 320 410 00
\

16.9¢ 106 [145,000 1448 .5628 | 82,780 441 460 200
19.80 312 1143400 1910 423 79,800

NorE: The values for Music Wire may also be used for Corrosion Resisting Stesls.



Downloaded from http://www.everyspec.com

23.8 HELICAL TORSION SPRING CALCU.

S22 SR et A vaviiassa v AAVT wWAAILUT

LATION. The stress in a helical torsion
spring is normally a bending stress (tension)
and, for this reason E is used in the formu-
las. Tables and nomographs of character-
istics for helical torsion springs aid in de-
sign. The wire diameter also can be obtained

by solving an equation as in the following

example.

23.8.1 Example. A torsion spring made of
corrosion resisting steel Type FS 302 is re-
quired to exert a load of 9 Ib at the end of
8 2 in. arm of the spring (meaauring' from

tha aambar lima ~F PPRUS Y.

tae center line of the spring to the point of
contact) at 100 degrees of deflection; the 1D
being 114 in. Select a suitable wire diameter
for average service and determine the num-
ber of coils, body length, etc. (assuming that
the stress for average service from Figure
62 for torsion springs may be equal to
120,000 psi max)

Theoretical wire diameter d,
q= J[02PFR
- N

31102 X9 x 2
\ 120.000

3
\/0.0015 = (.116 in.

dl
=106,300 psi
From Figure 51, K, = 1.075 S max.
== 106,300 XX 1.075 = 114,300 max. psi
Since Figure 62 allows maximum working

stress of 128,000 psi (82,000 X 1.5), wire
diameter selected is satisfactory.

To determine a safe maximum deflection
without permanent set beyond the final posi-
tion, first find the maximum safe load.

From above we know that 9 Ib will stress

99

MIL-3TD-29A

L L. 4% a2 ann .

material to 114,300 psi

From Figure 62, the minimum elastic limit
for compression springs = 102,000 psi.
Multiplying this by 1.5 = 153,000 psi, the

- Al anbiac wes
stress for a3 safe maximum deflection with-

out permanent set. The load to produce this
stress is
9 114,300

Y = I8 00N’
N

40U, VUV

12.04 Ib (say 12 1b)

T
F° =~ T100°

-18 Ib in./Deg, the additional deflection
to produce a load of

Since spring rate =

12-9 3.0
Z2hbis —5- = —5
=16.7°

Number of active coils,
Ed* F°
N = 300 PRD
28,000,000 X 0.120¢ x 100
= TL000 X 9 X 2 X 1.870

5.88 (say, 6 coils)
Free length over coils,

-(6 + 1) X 0.12¢ = (.840 in.

It is usually desirable to coil torsion
springs with a slight space between the coils
equal to about 20 to 25 per cent of the wire
diameter. Assuming 20 per cent, the space
equals 0.20 X 0.120 = 0.024 in. Six coils
would have 6 spaces and equals 6 X 0.024 =
0.144 in.

0.840 + 0.144 == 0.984 in. (say,

The ID of the spring reduces slightly due
to deflection. After maximum deflection with-
out nermanent set has taken place,

N(ID free) 6 X 1.25
ID, = F° ~— 6 + 115/360
N+ —%
_ 750 118
T §+o08z ©nom
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The shaft over which such a spring is fitled
should, therefore, be less than 1.18 in. A
shaft 15, in. diameter would be satisfactory
The letters P (Ib load) and R (moment
arm) mav renlaced bv T where T ¢ .. ';

would equal 9 X 2 + 18 in. Ib.
Specifying loads in inch-pounds torque (T)

buckle, and cause additional stresses in
wire,

the

{(b) Torsion springs should be designed
and installed so that the deflection increases
the number of coils. This increase should be
aliowed for in the design of space require-

ments.

(c) The inside diameter reduces during
defiection and shouid be computed to deter-

—ten e bla ol o meene b o wd-d wad
Iliné wié GSATANCe Over wie suUpporung Ica.

(d) Uuufwbendsmtheendaupo&

. LY 2 v ¢

() QUnrvinoe mavw

coils is desired.

(h) Avoid using double-torsion springs.

Two single-torsion springs, one coiled left-

When deflected 11/ times the mayi.
.oum deflection as assembled the total stress
should be less than the Minimum Elastic
Limit shown by the curves in Figure 62, as
modified by their multiplying constants.

Z4. SPIRAL TORSION SPRINGS
24.1

which it is mounted and to the part on which
its outer end is fastened.

l
.4

175,000 psi and for heavier sizes 160,000 psi

for commercial sprmz steels. Lower stresses

=11 iﬁ.—.--- fah-—de “‘Je.

Tanrx [X. Formulas for spival torsion springs

of rectangular section
Preperty Pormula
sPR
s‘- v ad®
Bending Stress, psai L
[ = . Me
s, »
8- —
4.6L
TePXE
Torgue.in. b 8,bt?
T Te
]
EtP°
L=
Active Langth in, 11463,
L «EUt
8,
Deflection 11488, L
we F° = ————
* P 4]
BRater, T
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TABLE X. Torque for 1 in. wide spiral torsion springs strcssed at 100,000 pai
(Other widths directly by proportion)

L ) T [ T t T t T
% in. Ibs in, in. Ibe fo. in. Ibs in, in. 1ha
.008 1.07 .025 10.4 .063 66.2 .105 182
.010 1.68 .082 171 072 86.5 125 260
.015 3.75 041 28.1 .080 107.0 156 410
.020 6.68 .064 487 .092 141.0 .188 588

24.3 ENDS. A variety of end shapes can be
used. Inner ends usually are bent to fit in a
slot. Outer ends usually are formed to fit
over & bolt or pin.

25. CONSTANT FORCE SPRINGS

25.1 GENERAL. These springs have an ap-
pearance similar to clock or motor springs
but are wound so that a constant force P
causes a continuous unwinding of the coils.
The springs are made from a strip of flat
spring material which has been given a cur-
vature by continuous heavy forming so that
in its relaxcd condition it is in the form of
a tightly wound spiral. In Figure 56 the outer
end has been extended by a constant force P
and each incremental part of the straight-
ened portion L has becn deflected from its
natural curvature in passing through the

working zone X. The force P &t any extension
is determined only by the work required to
straighten the material in zone X from its
natural curvature in its coiled condition. The
constant force giving a zero rate or gradient
can be changed during manufacture to make
springs with a slightly altered rate; thereby
producing springs with a small negative, posi-
tive or changing rate if desired, but the zero
rate has the broadest practical application
possibilities. Such springs should have widths
equal to 5 to 200 times (250 max) their
thickness to have good stability, (100 times
thickness is often used). They are not gener-
ally used in elevated temperatures over
140°F. Most applications are for the exten-
sion type, but these springs also may be used
as motor springs to turn rollers at a constant
torque.

BACK TO BACK TANDEM LAMINAR
MOUNTING MOUNTING MOUNTING
FIGURR b5
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25.2 MATERIALS. The two most generally
used spring mabemu and method of specify-
Soncw 4honem Eallaeer o [~lgad nh 2 g
ALY Wiy vu I.u uwuaxa AVUUW 2 & Eskiddy

SPRING, TEMPERED, BLUE, SAE 1095,

NO.1 EDGE, HARDNESS RANGE Re 48 to
81 and STEEL, CORROSION RESISTING
AISI 302 34 HARD. Other materials are used
if essential to design requirements. In speci-
{ying the length any additional material for

forming snecial loons or stra aig cht nortions
lorming special loops portions

should be added to the length determmed by
the formulas. If in a formula for thickness
t, the result derived is an odd size such as

.0096 inch, the next standard larger thick-

emama mteak aa MATA fom bl bl 14 e comad
AT3Is SUCll &5 ViV 1lug A1V Do usecu.

25.3 INNER ENDS. Normally the inner end
of a constant force extension spring is held
to the roller by its natural gripping action,
when about 114 turns of materiai remain on
the roller at full deflection. No other fasten-
ing is required, except where there is some

SRR Ty ST

tendenc_y for the material to be wound onto

the roller in improper alignment or if danger
of overtravel exists. In such cases the inner
el emmmer b hhawmd eI fvmascdal femda o alad e
iU U2y Y VUL AlUU LUSSI WU LW & Uy 1

the roller, or retained by a amall upset hook,

QVRIl; 2 pate ol

or held by a small screw. Inner ends held by
screws should be recessed and applied in a
manner to prevent the screw head from de-
forming the natural curvature of the spring.

b ~) PO, | PUSTIOEY P L B UGy 3 | SEp | NpR
rIANZeS On IOUErs &iB0 &la 10 Fwaing wie

flow of the material onto the rollers

A2V Vi wma™

25.4 OUTER ENDS. Cuter ends usually have
round or pear shaped holes to fit over a
screw. These ends may be left square, round-
éd or trimmed to suit. The ends also may
be annealed and bent to form a loop and then

WWEAY PV ~Weass

riveted, for mounting over pins. 'I'he outer
ends normally follow the regular curvature
of the apring diameter, but they may, if de-
sired, be manufactured with a preformed
-‘_.‘-'-t .ﬂ-ld tﬁ L alllsd ﬁta a“-.).m.nt.

255 MULTIPLE MOUNTING. Two springs

Tamiz XI. Stress factor S, for varying fatigus Hfe

L -
. | |
/ 7 | N
o N Z\ 1.6Ry REF AN
77 N\ S\ | N\
W ! N\ = s AN ; A |
=== (€. FH=W—— »
Y ' W2t (D, = dia of Roller = 2Rj) l
N’ A\ 4
=
FREE POSITION OPERATING POSITION
mOUNTED MOUNTED ON ROLLER
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may be mounted back to back, each on its
own rolier, and thus double the load. Two
anminme aloan cenee e hm an

SPIiLES 830 LAY be mounted in ta.nuem, one
above the other. tn doubla tha lnad Meera aw

TIESES 5 wv wmwmmara " WAL AWeaNde 4 VWU UL

more springs can also be mounted on the
same roller (laminar mounting) to obtain
multiple loads, see Figure 55.

oD A renAD
] oanEss F.nhl.om

constant force spr ings,

‘hen designing
& stresg factor, S,

based on fatume life, endurance limit, and
actual tests, is used in place of the custom-
ary stress formulas because of the combina-

tion of stresses occurring in this type of

spring. Values of S,, determined for certain
materials and fatigue life are given in Table

be rewound onto a mhr which s.h..,_!d be
about 20 per cent larger in diameter than
the inside diameter of the spring. An exten-

sion spring of this type is shown in Figure

R.=120 R,
L=F+10R, or L =F+5D,

The following formula may be used to com-
pute the adjusted load P which the spring
will exert based on the proportions estab-

lished by the formulas above:
pamb¥r 1 o1 1.4 4
%4 | R\~ ) |
The abbreviations in 20.1
the following:

R, =natural radius

(mlmmum) in the free positio
=1ID/2.

R.=natural radius of curv

(minimum) in t.he f
=l (0D — 2t).

R, =radius of outer coil in inches when
mounted. It is the expanded radius
of curvature due to material build
up = 3, (OD — 2t) where OD
equals the roller diameter pius al-
lowance for the

'‘ee position

-~

....... waa AIMIAINIT L CULLY
56. used.
25.8 FORMULAS. The following formulas R, =radius of roller over which spring is
may be used to compute approximate pro- mounted
portions of the spring: D, =Diameter of roller= 2 R,
e 264 p
T ESS 25.9 SIMPLIFIED DESIGN. The design of
10 Revolutions Over 10 extensxon type constant force springs can be
or Less Revolutions simplifi d by replacing the modulus of elastic-
o TN _
e —— ity E, and other terms by a varying factor Q.
R.= / _Eb_t_ R.= . , E__E_t___ -..e values of Q have been worked out for
V 264 p 264 p springs having 10 coils or less and the sim-
=120 R, o _ Ra ph‘ied formula for load P follows
= T30 P=Qhbt
Tasis XII. Factor @ jor varying fatigue life
Material — oo lite
2,500 t.m 7!.000 10,000 | 18,000 | 20,000 38,000 | 100,000 | 1,000,000
High carbon steel | .. 521 | 4175 | 2108 | .. | 169 123 | 1012 | 81.3
SAE 1095 ! | | |
Corrosion resisting 660 -} 802 L .. 1 816 | 233 181 860 ' 69.4
steels 3 ! 3 %

(=)
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In using the simplified formula, b and t  than ID of spring). for high carbon spring
ratios can be estimated. For length L the  steel SAE 1095 and corrosion resisting steels
regular formulas apply. See Figures 57 to 60  are shown in Figuers 57 to 60. Lengths
as these values apply and were determined  should be determined by the regular formula
from the simplified formula with valuesof Q L=F + 10 R, or L =F + 6 Ds.

as shown in Table XII.

25.11 EXAMPLE, If a high carbon steel ex-
; CHARACTER tension type constant foree spring is required
ISTICS (DESIGN CHARTS) FOR EXTEN. to deflect 24 inches, have a fatigue life of
SION TYPE CO-NSTANT FORCE 4000 cycles and exert a load P of 10.4 pounds,
SPRINGS. As as aid to the selection of con- it could be made, as shown in Figure 57 Chart
stant force springs, combinations of width A, with a width b of 1 inch, thickness t of
b, thickness t, natural radius of curvature 020 inch, provided that the roller diameter

R., roiier di eter D, (20 per sent 131"5'?:? N, aguals 2 .09 inches and the inside diameter

FORMULAS FOR FLAT SPRINGS
- Fa

{Based upon standard beam formulas
TABLE XIII where the deflection is small) _
[-JY ‘-F o - P S - P. —— - AP.
I i NUR i P | ———=
=S ey S - = ~e_rF
propERTY | L |— A= YIS ?
— -2 3
= = = b
PLAN 7 =
7 bl PLAN 1o ;_?— :?.‘%.4
3 ‘3 3 3
i‘,afla‘-tiﬁﬁ D T 4 D 1. 68 P L SOZZJ_L_

= 2EDC |Eb t3 E b t3 b t3
Inches L2 2 s, L? sy, L2 2

vns - . E : g S .87 Sy L
2 Sp bt lspy b t2 Sy b t2 S, b t2
Cond 5Rr 5T Srr— |“vr—

P aEb t3FlEb P F 3 Eb 3 E
Bounds %] 4 L3 L%'ETL 5.22 L
3PL | &PL | SEL 2 BL
iy 2 b t2 b te b t4 b t<

Bending 6EtF 3 EtF EtFE ELF,

| psi L% 2 L4 L< .87 L*
Sp 12 2 Sp L2 sp L2 .87 s, 12

Thickness 6 EF SEF B F EF

i — —— -  pr————
snches |3 p13 [Rfapr® | &6 p1® | Hfs.22p 07

Vigsor |IEBF | IEDTF I'EB F
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inches
The iength L required for 24 inches of de-
flsction F. is obtained from the formula L=
F + E D, and equalg: 24 4+ § (2.00) =234 45
inches (say 34145 in.)
A adinet an availahla laad D e o L _ s
AUV BUJHOL Rl GVRIAVIT IVaU L Ul C Uial Lo

§ =ea=wy aaweas

the cha.rt a vxlue of P just greater than P?
and determine R,® by the following formula:
(holding b and t constant).

h o]

= \/ =
26. FLAT SPRINGS

292 1 NERNEDAT T rad manuiimameands ac. =
@Ved FAILYEIACiRELe ASUBU LTUYUIATINTIIW &I€ 1N~

timately connected with spring dimensioning

and the space available for the spring. The
point of load application, deflection, lenxth,

Q

w:dth and thickmess should be clearly speci-
fied. Formuias m the followmg table may be

nnaA A Aad e
to determine various fiat sprmg char-

acteriatice.

26.2 STRESS. The stress is in bending and
should be compared with the elastic limit in
tension of the material to determine the al-
lowable stress. The recommended allowabie
m;m ‘FA'I' ‘H’nnlrnn-s

e A .
wiaucry UUU mcn 13

175,000 psi and for heavier sizes 150.000 pei

for commercial spring steels. Lower s’resses
will increase fatigue life.

O MNARTITITL. FAFP M reewae o e
afe LUNLUD VDU (BELLEVILLE)
QDDINACO
|S2SR L ) SR AN ')

1 GENERAL. The coned disc (Belleville)
pring or washer is a piain dished washer of

martinrnla Alnsemnbase ookl -
= palvull:ar unnuu:u.-:x. scu.lonzu prome ana

height suited for an intendad purpose. It is

- ces b IO

Staess axv DEFLecTioN CONSTANTS YOR

21kZ5

M'lm W ASRRRD OF wiviy
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Recommended MaTimum Working siresses for sompression springs
(Fatiguo Strength Curves)
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(Use with Table XIV)
the common characteristic of necessity for Where:
short range of motion and attendant lugh a = one-half the outside diameter, in.
loads. In order to calculate the free apring e v o .
. < P a N - e - e = P 4 emnlemrea s Ama 3w
height and required thickness of stock in a h = free height minus thiciness, in.

A _ase___

reiatively simpie

= ae —asaman e ba

manner, it is necessary to
iamoter lnn\ inside di-
ameter (ID). and the lo ‘P) for a specific
deflection.

[TSeomwva 81\ ¢tha
AAIFGIS Va) wal

nsed to calculate load def
istics.
Ef ¢, ¢
P=r——po—](b—5 ) b—D t+ ]
\a=—C"n d &'

STRESS. By obtaining the values for
eonsta.ntl Z, and Z, from the proper curves
(Figure 61) the fololwing formua may be
used to eﬂcuhte streas:

f z, (h——r\+ z, t]
(1—-0-)

It is possible for t.he term (h— f/2) to
become negative if f is la.rge When this oc-

___ ot the | RV

axrl.mterms inside the bracket shou

ak oo e d ‘-A waad
ClaAllTU W ivau

Z, (h — /2
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This means that, in this instance, the maxi-
mum stress is a tensile stress. For a spring

2 Y oar

life of iess than one-haif miiiion stress cyc!es

& stress of 200,000 psi can be substituted for

S.. even though this might be slightly heyond
the elastic limit of the steel. This is because
the stress is calculated at the point of great-
est intensity, which is on an extremely small

—_——d 8 AL ye_y  W___

part oI ue Aaisk. umneamnely sun'ounamg

a minah lawaw otracead nawbine
> JAuwL AV Ll Duwwwotl pPUi valil

which so supports the higher stressed point
that very little settling results at atmos-
pheric temperatures. For higher than atmos-
pheric temperatures and long spring life,

iower stresses must be empioyed.

f‘\ia area ln

27.4 LOADS. When five coned dise (Rella.

ville) springs are stacked in series as in
Figure 15, they will have a spring rate only
one-fifth that of one disc and the solid load

will be the same as for one disc.

b

)t

When six discs are stacked in parallel as in
Figure 15, they will have a spring rate and a
soiid load six times that of one dise, disre-
garding friction.

When six dises are stacked in parallel-
series as in Figure 15, they will have a spring

rate only two-thirds that of one d:sc and the

solid load will be twice that of o
regarding friction.

Z8. RECOMMENDED MAXIMUM

A9 ¢7aS 2t rn 0 Q7o

WORKING STRESSES

28.1 FATIGUE STRENGTH CURVES. The
fatigue strength curves Figure 62 are for the

v mmds wnmmmne T et A Y_

AaUdL POPUIAT SPTING TNALETIALS, These are for

nnmpmngen 3'.3!'1"“'.‘; “"‘d on th% minimum

torsional elastic limit of each material. The
values may be increased 25 per cent for
springs that are properly stress relieved, cold
set and shotpeened.
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CRITICAL STRESS DATA

(For use in association with Figure 62.)*

COMPRESSION SPRING

1. TORSION STRESS—Compare
uuuhhd stress in edh with

2. SOLID STRESS — Compare

torsion atress in coils when
eanpnmdundwltl”ﬁ-

EXTENSION SPRING

1. TORSION STRESS (COILS) —
Compare calculated design
stxess in coiis with servics curve
of Fig. 62 multiplied by 85.

2. TORSION STRESS (HOOKS)—

Compare caleulated design

abncana [ 'h..\h wsith asammies
. — ass Wwama SUr veew

curve multiplied by .85.

3. BENDING STRESS (HOOKS)~
Compare caicuiated design
curve multiptied by 1.5.

4. TORSION STRESS (COILS) AT

AL AW WPMIMAYNIN T WAP/AMEY
R Bl b Do iNMN BV MK lN\T L I} =

S. TORSION STRESS (HOOKS)
AT MAX !:ITENDED

{BGOKS)
AT MAX EXTENDED

curve multiplied by 1.5.
8. BENDING STRESS IN COILS

62 maltiplied by 1.5.
4 BENDING S8TRESS IN ENDS

AM AT A WPTLITIREF NEBRP BN
Al AsAlBUR VELD LW\

TION — Compare ecalculated
stress in ends at this deflection
with wmen slastie it of Tig.

62 niultiplied by 1.5,

design stresws” are TOTAL STRESSEL They include survature stress Jom £
far extemelen suring hesk stressss which include correstica fastor in basic formsulss.

28.1.1 Light Service. This includes springs
subjected to static loads or small deflections
and seldom used springs such as those in
bomb fuzes, proJectues, and utety devices.
This service is for 1000

-l
r 1000 to 10,000 dsfiections.

28.1.2 Average Service. This includes springs
in general use in machine tools, mechanical
products and electrical components. Nomal

trequency of deflections not exceeding 3600
per hour permit such siaﬁ‘ to withstand

Ei ?j’

100 0D 4 1 D00 OO dafastin
AVUIVVUV W &)VVV, VUV ucuc\.\u

28.1.3 Severe Service. This includes springs

o ool
above. Lowering the values 10 per

and
permits 10,000,000 deflections.

vy

28.1.4 Other Materials. For materiais not
shown on the carves in Figure 82. the foi-
lowing multiplying constants may be used.

(2) For BeryDium Copper. multiply the
values of the Phosphor Bronze curves by
1.20.



Downloaded from http://www.everyspec.com

of the Phosphor Bronze curves by .75.

{c) For Monel, multiply the values of the
Inconel curves by .82.

(d) For K-Monel, multiply the values of
the Inconel curves by .90.

(j) For Corrosion Resisting Steels type
FS304 and FS420, multiply the values of the

Corrosion Recisting Steel curves by .95,

values of the Corrosion
UeS 01 ule LOrrosion

the Musxc Wu-e curvu by 90.

28.2 PERMISSIBLE ELEVATED TEMPER-
ATURES. Springs used at high temperatures

113

ALNE TR ANA
VWD IW—4LTA

exert less load and have larger deflections
under load than at room temperature. Com-
pression and extension springs subjected to
the temperatures and stresses shown in the
following table will have a loss of load of §
per cent or less, (or if the load remains con-
stant, they will deflect an additional 5§ per
cent), in 48 hours. Elastic limits and modu-
lus values are also reduced, thus necessitat-
ing thse lower allowable working stresses.

TARLE XV. Permissible elevated temperatures for
oomprsssion and emtonsion eprings. Loss of load at
thess iemperaiures is less than
8 percent in 48 hours.

Permisaibie Maximum
material tasmperature working
8¢ PSI
Brass Spring Wire 150 30,000
Phosphor Bronze 225 35,000
- Mousie Wire 280 76,000
Beryllium-Copper 300 40,000
Hard Drawn Steel Wire 325 50,000
Carbon Spring Steels 376 55,000
Alloy Spring Steels 400 65,000
Monel 425 40,000
K-bionel 450 45,000
Duranickel 500 50,000
Corrosion Resisting ¥FS-302 550 56,000
Corrosion Resisting 600 50,000

AISI 431

Ineconsl 700 50,000
High Speed Steel T8 70,000
Cobenium, Elgiloy 800 75,000
Inconel X 850 65,000
Chrome-Moly-Vanadium 900 55,000
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APPENDIX A, SECTION III

30. SPRING MANUFACTURE

30.1 GENERAL. Information on

opera &-Gr‘s is n.nnn#an' fer d

only a few
ign purposes.
1. STRESS RELIEVING. The usual types
of hardening and tempering ovens are used
for stress relieving. Springs made from pre-
hardened wire such as Music Wire, Oil Tem-
pered, Hard Drawn, Corrosion Resisting 18-8
and similar materials are stress relieved by
heating at low temperatures from 400 to
650° F. to reduce the residual stresses trap-
ped in the wire during the coiling operation.
Springs made from annealed wire are hard-
ened and tempered in a manner somewhat
similar to tool steel. Precipitation hardening
materials such as Beryllium-Copper, K-
Monel, Inconel X, 17-7 PH and others are
heated at varying temperatures. depending
upon composition, for extended times from
1 hour to 16 hours.

2. COLD SET TO SOLID. This process is
used to stabilize the free length of a com-
pression spring, so that sdbaequent inadvert-

el—lt, or .nbnﬂcnel' mmprnlle‘n 7, !.nhd

height will not change the loads at working
deflections.

(a) If a compression spring is designed so
that the elastic limit is not exceeded when
the spring is compressed to solid height, no
appreciable permanent set will oceur, other
than removal of small kinks in the wire, The
note “Cold Set to Solid” should be specified

PENSEON Juap—.

on the drawing of such springs.

(b) If a spring is designed so that the
elastic limit is exceeded when the spring is
elosed solid, permanent set will occur and the

I___ 1é.. adle .\71}} t.i dnm.nﬂ Pn-‘f‘n-‘

stresses of opposite sign will be set up in
the wire when the load is released, so that if
the spring again is closed solid it will with-
stand a higher calculated stress than the
stress corresponding with the elastic limit.
If the initial free length of the spring is

AAA

114

made greater than the calculated free length
by the proper amount, overstressing the
spring beyond the elastic limit by compress-

ing it to solid height will stabilize the char-
acteristics and produce the desired loads at
working deflections. Additional cycles of com-
pressing the spring to solid height and re-
leasing the load will not further change the
free iength. However, there is a limit to this
process. After a certain initial free length
has been reached for a particular spring, the
final free length after compression to a solid
height will remain constant no matter what

increases are made in initial free length.

(¢) When a spring is designed so that the
stress at solid height is so far above the
elastic limit that the spring will not have the
desired loads at working deflections if cold
set to solid, the note “Shall compress to
ressssmesseee 1. Without permanent set” should
be placed on the drawing. The computed
stress at the specified length (equal to, or
less than, the final assembled length) must be
less than the stress at the elastic limit. When-
ever prachcnble. this design of spring should
be discarded in favor of a spring having a

sat 2 Y2___*2_ 4l ad V)

solid stress within limits tnat wil
closing solid without permanent set.

Several methods may be used to cold set
to solid. Small air presses and foot presses
can be used for light springs, power presses,
and specifically built motorized equipment for
larger springs, and hydraulic presses for
heavy springs. Light springs also may be
compressed by hand over close fitting arbors.

- vt

33. GRINDING. End coils of compression
springs are ground whenever it is necessary

for the springs L. to stand upright, 2. to ob-
hn'n a good seat acainet a enntn.cﬁnr ‘Dll’t. 3

- PV Sy mp-eeey & USSR

to reduce buckling, and 4. to cause the springs
to exert more uniform pressures under &
diaphragm or against a mating part. This
operation is expensive and should be avoided
wherever it is practicable to do so—especi-
ally on light springs with wire diameters
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under %, inch and where a large spring index
ratio (OD/d) prevails, such as 13 or larger.

available. The small dise grinders using pad-
d}_es to hrolAd springs for grinding are especi-

r more springs. Grinders with
ferris wheel’ methods of loading

r larger quantities of light

ema pTa asgrav

for
ing wire diameters up to about %,
inch. Heavier sizes may be ground in disc
grinders with vertical ferris wheels.

34. SHOT PEENING. Spring life can be in-
¢reased at least 30 per cent and has often
been increased from two to ten times by
shot peening. This process may be applied to
all highly stressed springs made from steel

and non-ferrous materials usually over 1,
inch wire diameter. Extension springs and
closely wound torsion springs are difficult to

PPP e le o diemae mbool ol o e L
ahatpeend because the tiny steel shot is fre-

quently trapped between the coils and is
difficult to remove. The large increase in
fatigue life of helical springs due to shot
peening is accomplished by a2 combination of
effects:

(a) Small surface irregularities seen
only by the microscope are hammered
smooth.

(b) The surface of the wire is thor

ctive tenzile
streases that cause fatiaue fallure before
breakage can occur. All heat-treating of
springs and all stress-relieving processes
should be done prior to shot peening, except
in those instances where electroplating is

G{ng thn spn

115

MIL-STD-29A
beneficial effects of the trapped compression
strasgas prod“ced b.- ah At mane S

shot peening.

rom annealed, oil tempered
at must be eiectroplated

i atonaller da alao_ AL

iiCipally W ciesxn wuae
surface, thus avoiding the necessity of socak-

oiding the necessity of
ing them in acid solutions to remove scale.
The slightly roughened surface of shot peen-
ed springs does not produce a bright glossy,
electroplated coating.

ﬁ

35. PROTECTIVE COA ;".'NGS. Uncoated or
oil dipped springs are gatisfactory where co

rosive condxtxons are not a factor Black
japanning is often used as it is a flexible, in-
expensive finish suitable for many applica-
tions. Enamels, lacquers and paint are oe-

............. PR P S -

casionally used. Cadmium with supplement-

ary chromate treatment p"cude.1 one of the
best electro deposited cog gs because it is
both flexible and corrosion 1stant_.

Nickel, chrominm. zine, and other me

aeanwaj weama vasas BAiy CAAAA WLAAUL mc

are also deposited electrolytically. Black oxide

and phosphate coatings are occasionally spe-
cified. Care must be used in applying coat-
ings, first to use detergents, solvents, alkaline

PR S S,

Oor vaporizing uegreasers to remove oil and

dirt, shotblasting or sand blasting to remove

scale, and baking to remove the hydrogen

embrittlement that may be caused by acid
dipping or electroplating.

ala
203

36. HYDROGEN EMBRITTLEMENT. Steel,
pari:icuiariy hardened steel, is susceptible to

Jaeee cend esamee bdam e Lo L __3___ _ s

embrittlement resuu.mg 1TOm nyarogen in-

troduced by acid pickling, electroplating, or
cathodic electrocleaning operations. Ahsorbed

el & tions. L1301 el

hydrogen results in brittle behavior particu-
larly under sustained loading in the presence
of stress concentrations. Baking to relieve
nyurogen embrittied sprmzs should be ac-
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springs by shotblasting or by tumbling is TARLE XVI, Tolerances on outsids diamster
advisable so that less time is required in for all helical springs
v aTe 12 A3 AWNfuRAr U sas
the pickling bath Plos or mines toleranes o= OD
LY P Vedln32n alondenaloanina S S, " — :, Spring index (OD/d)*
V) VLWL QIS L ULICRLLILY IJJ KAARLILY CIRENIar
the work an&e instead of cathode, reduces (ta) — — —
the amount of hydrogen evolved and short- - ooz 003 YT
ens the tune requu'ed in acid dipping. This 312.*_'.- % 0.003 0.004 0.008
procedure is seldom used for springs because _ — ~— —
: : | 3 16 W Y¢ U v.vve V.o
of the long time required to perform this  J/C 0 0.006 0.008 0.010
operation for large quantities.
) %tolh 0.008 0.010 0.012
(c) Hydrogen evolution dqrmg electrop_lat- Lto ¥ 0.010 0.012 0.015
ing can be reduced by using low current den- g5y 0.012 0,015 0.022
sities. Low voitages (between § and 8 voits) 1t01% 0.015 0.022 0.031
may be used. Improper or spesdup methods ez 0022 Py Yy
are harmful, Commercial electroplating of P Py aso nnna
L3 LA ¥ V.U04% U.uve
springs may be unsatisfactory, due to th — r T
high current densities commercially used 3%4 o004 0128 0.156
which cause a greater evolution of hydrogen —
and, therefore, more embrittiement. © The wpriag indix s sl &= OD &= somvmimes

(d) All electroplated springs made from

i TARLx XVIL Tolerances on the number of coils
steel should be dehydrated as soon as pos- Jor all Aslical springs
sible after plating. A time delay of 5 hours
may prove too long in some cases. Csmpremisn |~ Rxisesies e
Tn order to meet | No=b= | Té= | Same -
High carbon spring steel is more suseep- “‘t:. to mest o | sace “aion. ", exten
tible to hydrogen embrittiement than the low- ments of load, | ™ I Dmeor | e design per-
carbon steels, and fauity nut-treatment prior rats, free i . mits. Other-
to plating will produce a type of grain struc- length, solid : ::: :g, wise the num-
ture that tends to increase embrittement. height, it : 9 to 12 ! ot h::lld 00“;
Springs should not be plated while in a ety the nmn- i ncordamce
stressed condition or when part of an assem- ber of coils by g:;__: toil sdd | With the posi-
bly, because stressed conditions increase em- plus or minus: . cofl. tion of the
E mam aamé 1* m ande oo ok
1n, Of U peI Celv SLUs &5 sudwu
brittlement. ““_?Eff“‘.’_“ffﬁ“:’._“.‘_f“i b in following
€exXBasion Bsprings, 50 WAL gepusiuvn wxu hb}‘.
nante haturaa

AL wic AADy ol recommenced.
P Iy C T S S T Y Closer teleranses require trimming after osiling and inerenses
venydrogenation, or removing OI nyaro- manufacturing time snd sest.
man wastnwas tha narmal sanditinn af the
By LITIWAITO Wil MUVLLMSAE VLML WVE Vi waiT
ateel. It is accomplished by heating the elec- S e taias # Ao
Ll v T - 1AKLE A ViiL. 1I0WTGRO6E OR POTHWR U] GV s
troplated springs in an oven and should be for torsion springs
done as soon as the springs are plated and (Por indexss OD/d up to 1¢)
washed. Correct temperatures and length
4 Toal oils Toieranes
of time st heat dopend upon the type sad o
size of the steel. Recommended heat for air
circulating ovens is 375° = 25° F for notless UP t 3 8
bt . Over 3 including 10 10°
n 8 hours after plating. odi
m=——~es= Over 10 inciuding 20 ib
Nasaainnal cemheittlavmant mawr Asnnie avan Ower 20 ineludine 20 20°
WINGADIVIMAL ClLIVE AVLTLUICILL i VA UL ©VTas - .
with the best regulated methods. Nonferrous Over 30 25
116

Pha laad *A ha Aavalanan a® *ha NMITial aa
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TaBLE XIX. Tolerances on free length for compression springs with ends closed and ground and
for accurately made exten: aton springs

Length Plus or minus tolerance on length, in.
spring, Toiai number i
o . of colls Spring index (0.D. + d)
Uptod (small) | 6to10 (average) 10 %0 16 (large)
Up to %, ST 0.007 ! 0.011 0.015
ine. OVEP 4 20 T .oorecerereecencenencenenerenianes H 0.011 , 0.015 0.018
Over 7 to 11 : 0.015 0.018 0.022
Over 11 ‘ 0.018 i 0.022 0.026
Over % Up to 6 ! 0.010 | 0.015 0.020
to 1%, Over § to 10 | 0.016 ; 0.020 : 0.025
ine, Qver 10 ¢0 15 o 0.020 0.025 ' 0.030
Over 15 ... \ 0.025 | 0.030 0.035
Overl% UP 0 10 oo eeeeereeeerrennerenees | 0.020 0.030 0.040
to 2%, Over 10 to 20, inc. . . 0.020 0.040 0.050
ine. Over 20 to 80, ine. ..cccooerveervrerecenns | 0.040 0.050 0.060
Over 30 ........... 0;050 0.060 0.070
~ Over2h - Up to 15 ... 0.030 0.048 0.060
o 2%, Over 15 o 30 0.046 ©0.080 0.075
ine. Over 30 to 46 0.080 0.075 0.090
Over 46 0.075 0.090 ° 0.105
Over 3% Up to 20 0.040 0.060 0.080
to 4%, Ovwer 20 to 40 0.060 0.080 0.100
ine. Ower 40 to 80 0.080 0.100 0.120
Ovwer 60 .. . 0.100 0.120 0.140
Overd% UP 0 25 .ooeoereerameemecneen .. 0.075 i 0.100
to 8, Ovwer 25 to 50 0.075 0.100 0.125
inc. Over 50 to T8 ...cccrrnercnsnnicnrinneenns 0.100 0.125 0.150
Over 75 0.125 ! 0.150 0.175
Over 6 Up to 36 0.070 Q 0105 0.140
to 8, Over 386 to 70 0.105 0.140 0.178
ine, Over 70 to 100 0.140 0.175 0.210
Ower 100 ... cceneenne 0.175 0.210 0.245
Over 8 Up to 46 ... . 0.090 0135 0.180
to 10, Over 45 t0 90 ... 0.135 0.180 0.225
ine. Ower 90 to 135 ......ccoocmvicvriiiianens 0.180 0.225 0.270
Over 138 . 0.225 0.270 0.315
Over 10 Up to 60 0.120 0.130 0.240
to 14, Ovwer 60 to 120 .. 0.180 0.240 0.300
ine, Over 120 to 180 ... 0.240 0.300 0.350
Over 180 0.300 0.360 0.420
Over 14 Up to 80 0.160 0240 0.320
t0 18, Over 80 to 160 . 0.2¢0 0.320 0.400
ine. Owver 160 to 240 0.320 0.400 0.480
Over 240 0.400 0.480 i 0.560
Over 18 Up to 100 .. 0.200 0.300 0.400
to 22, Ovwer 100 to 200 0.300 0.400 0.500
ine. Over 200 t0 800 .......ccocnerncvecensreccsnse 0.400 0.500 0.600
Ovwer 300 . 0.500 0.600 0.700
Over22 Up to 125 0.250 0375 3.500
to 28, Over 125 to 250 ..........comeeecvmrscsmnnen- 0.378 0.500 0.625%
ine. Over 250 to 378 0.500 | 0.625 0.750
Over 375 . 0.625 | 0.750 0.875
1. Thems tolerances may bs reducsd 80 pevesmt by individually grindiag, messuring, testing and sorting the springs, but this
dure in duction time and cost-
3. These ioieTunoss sbouid be doubied for sompramion SPTiIngS ihiai do noi have ground ends and for the usual run of commereial
extenslbn springs.

& The values ia ftalics are standard when the wire diameter or number of coils is not predetermined, or where thare is doubt.
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materials are not ordinarily subject to hydro-
gen embrittlement during electroplating.

37. TOLERANCES FOR SPRINGS. Tables
that follow present tolerances which can be
obtained under normal manufacturing meth-
ods. Springs having closer tolerances can be
produced but at greatly increased cost. A
more liberal tolerance should be specified
whenever possible.

TABLE XX. Tolerances on aquarensss of grinding
on ond eoils for compression springs

Number of ealle
por inch of from symareness to axis
imgth Spciny lndex (OD/4)
(Number of calls
-+~ hngth) Upws T30 108016
(amall) ¢ ) (large)
Upto? 3 4 5
Over7to 12 4° & 6°
Over 12 to0 17 8° ¢ T
Over 17 [ }d 7 8°

These tolerances in degrees may be reduced
50 per cent by individually grinding, measur-
ing, testing, and sorting the springs, but
this increases production time and cost.
Grinding end coils of springs made from wire
under %, inch diameter is usually unneces-
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sary and frequently is expensive.

37.1 TOLERANCE ON LOADS. The recom-
mended tolerance on all loads is plug or minus
10 per cent and should be specified as shown
on the drawing requirement charts. How-
ever, when the deflection from the free length
to the first load is small, the load tolerance
must be large and should be considered pro-
portional to the tolerances that apply to the
free length. For example, if the deflection is
only % inch and the tolerance on the free
length is 34, inch, then it follows that the
tolerance on the first load should be plus or
minus 25 per cent (14,=25 per cent of 13),
otherwise the tolerance on the free length
could not be taken.

Where a specific amount of initial tension
is required for extension springs, it should
be specified in pounds or ounces with a recom-
mended tolerance of plus or minus 15 per
cent, but it usually is specified as a REF-
ERENCE.

Smaller load tolerances than these usually
require testing and adjusting each spring and
add considerably to the manufacturing time
and to the cost.
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TABLE XX11. Load changes due to slight wire changes

INTRODUCTION: It is frequently necessary to make a slight charze to the wire diameter of a spring,
either to use a wire size avaiiabie or to change the ioad to meet a specified requirement. Adding oniy .001 ie.
to .040 in. wire (thereby using .041 in. inatead of .040 in.) increases the load 10 per cent. Adding .001 in.
to ¥a in. wire, however, changes the load only 2 per cent, but a .005 in. addition increases the load 10 per

cent. This data is for compression and extension springs.

CURVES: The curves below show the per cent change in loads due to slight changes in wire diameters. The
curves are suitable for compression, extension and torsion springs using any material, with wire diameters
between .015 in. and 375 in. inclusive.

EXAMPLE: If a spring that is supposed to be made from .080 in. wire, is actually made from .082 in.
wire, the .002 in. Aeavier wire causes a Aeavier load. The per cent increase in load is 10 per cent as shown
by the intersection of the wvertical line .080 in. and the curve .002 in. (as shown dotted).

Similarly if .078 in. wire is used, the .002 in ligAter wire causes a liphter load of 10 per cent (same
enrve). If the arieinal load must be maintained, it would be necessary to add 10 per tent more coils if the

charIve). 41 TIFINAal 10ac

heavier wire is naod or 10 per cent less coils with the lighter wire.
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TABLE XXIII. Cauees of spring failure. Listed tn sequence
according lo frequency of failure.

Spring failure may be cause by breakage, high permanent set or loss

of
canses that oecur most !mgmﬂv. c!vm-;\ I1 sontaine the less freauent ea

causes that occur occasionally.

CONWRING WiT iCus aTT el

Comment
HIGH The majority of spring failures are due to high stresses caused by large Qeﬂect_io—n.s-
STRESS and high loads. Highstresses should be used only for statically loaded springs. Low
stresses lengthen fatigus life.
- HYDROGEN Improper eiectro-piating methods and acid cieaning of sp*"fs without proper
a EMBRITTLE- baking treatment, cause spring steels to become brittie, and is a frequent cause of
§ MENT failure. Non-ferrous springs are immune.
&
© SHARP Sharp bends on extension, torsion and flat springs and holes or notches in flat
BENDS & uprinp, cause high concentration of stress resulting in fajlure. Bend radii should
BOLES be as large as possible, and tool marks avoided.
FATIGUE Repeated defiections of springs, especially above 1,000,000 operations, even with
medium stresses, may causs fajlure. Low stresses should be used for severs operating
conditions. .
= SHOCK Impact, shock, and rapid loading cause far higher stresses than those eomp\'zw.i by
LOADING the regular spring formulas. High carbon spring steels do not withstand shock
loading 2s well as alloy steels.
CORROSION Slight rusting or pitting caused by acids, alkali, galvanic cor -asi-r., stress corrosion
- cracking, or corrosive atmosphers weakens the material and ca igher stresses
& ¥
~ in the eormdcd area.
=4
g FAULTY Keeping spring materials at the hu'dcniug tempenmn for longer periods than
© BEA' necessary csuses an undesirable growth in grain structure resuiting in brittieness
TREATMENT | even though the hardness may bs correct
FAULTY Poor material containing inciusions, seams, slivers, and flat material with rough,
MATERIAL elit. or torn edees cause early faflure. Overdrawn wire, improper hardness, and poor
grain structure also result in early failure.
_ — — I
HIGH High temperatures reduce spring tamper (or hardness), lowers the modulus of
TEMPERA- elasticity thereby causing lower ioads, reduces the siastic limit and increases corro-
TURE sion. Corrosion resisting or picksl alloys shonld be used.
LOW Temperatures below —40° F Jessen ths ability of carbon stsols to withstand shoek
TEMPERA- loads. Carbon steels become brittle at — 70° F. Corrosion resisting, nickel or non-
TURE ferrous alloys should be used.
g PFRICTION Close fits on rods or in holes result in a wearing away of material u}ldAocc_uio_nq
3 failure. The outside diameters of compression springs expand during deflection but
F they become sraaller on torsion springs.
ot OTHER Enlarged hooks on extension springs increases the stress at the bends. Carrying
MATIOTQ

VAV IS

too much electrical cnrrent will eause failure. Welding and soldering frequently
destroy the spring temper. Tool marks, nicks, and cuts often become stress raisers.
Deflecting torsion :pnnn outwardly causes high stresses. Winding them tightiy
causes binding on supporting rods. High speed of deflection, vibration and surging

due to operation near natural periods of vibration or thsir harmonics, cause in-
creased stresses.
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2. When Govermnment drawings, sped-
fications, or other data are used for any purpose
other than in counectior with a definitely related
Government procurement operation, the United
States Government thereby incurs no responsibility,
nor any obligation whatsoever; and the fact that the
Government my have iormulated. furnished, or in
any way supplied the said drawings, specifications,
or other data is not to be regarded by implieation or
otherwise as in any manner licensing the holder or
any other person or corporation, or conveying any
rights or permission to manufacture, nse, or sell any
patented invention that may in any way be related
thereto.

Custodiana:
Army-—Ordnanes Corps
Navy—Buresu of Naval Weapona
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Preparing activity:
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INSTRUCTIONS: In a continuing effort to make our standardization documents better, the DoD provides this form for use in
submitting comments and suggestions for improvements. All users of military standardization documents are invited to provide
sugsesticns. This form may he detached, folded along the lines indicated, taped alony the loose edge (DO NOT STAPLE). and
mailed. In block 5, be as specific as possible about particular probiem aress such as wording which required intarpretation, was
too rigid, restrictive, looss, ambiguous, or was incompatible, and give proposed wording changes which would alleviate the
problema. Enter in block 6 any remarks not reiated to a specific paragraph of the document. If block 7 is filled out, an
acknowledgement will be mailed to you within 30 days to let you know that your comments were received and are being

consiaered. '

NOTE: This form may not be used to request copies of documents, nor to request waivers, deviations, or clarification of
specification requirements on current contracts. Comments submitted on this form do not constitute or imply authorization
to waive any portion of the referenced document(s) or to amend contractual requirementa.
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