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Laminated Leaf Spring
| s

Belleville Washer

Compression Tension

Torsion
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Engineering polymers : 0.01<S/FE <0.1 (S= Yield strength)

Metals : 0.001<S/E<0.01 (S=Yield strength)

Composite matrials : S/E ~0.01 (S= Tensile strength)

Elastomers: 0.1< S / E <1 (S= Tear strength)
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Common name Specification Modulus Shear Density, Maximum Principal characteristics
of modulus of R service
Elasticity, elasticity, Ibf/in.} temperature
E, psi G, psi °F

High carbon steels

Music wire ASTM A228 30x10° 11.5x10° 0.283 250 High strength; excellent fatigue
life

Hard drawn ASTM A227 General purpose use; poor

30 x 10° 11.5x 10° 0.283 250 fatigue life

Stainless steels

Martensitic AISI 410, 420 29x10° 11x10° 0.280 500 Unsatisfactory for subzero
applications

Austenitic AIAI 301, 302 28 x 10° 10x 10° 0.282 600 Good strength at moderate
temperatures; low stress
relaxation

Copper-based alloys

Spring brass ASTM B134 16x10° 6x10° 0.308 200 Low cost; high conductivity;
poor mechanical properties

Phosphor bronze ASTM B159 15x10° 63x10° 0.320 200 Ability to withstand repeated
flexures; popular alloy

Beryllium copper ASTM B197 19 x 10° 6.5x10° 0.297 400 High elastic and fatigue

strength; hardenable.
Nickel-based alloys

Inconel 600 - 31x10° 11x10° 0.307 600 Good strength; high corrosion
resistance

Inconel X-750 - 31x10° 11x10° 0.298 1100 Precipitation hardening; for
high temperatures

Ni-Span C - 27x10° 9.6x10° 0.294 200 Constant modulus over a wide

temperature range
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Size range Expone Constant, 4
Material Specification g nt, ’

in. mm M psi Mpa
Music wire® A228 0.01-0.25 0.3-6 0.1625 184649 | 2153.5
Oil-tempered wire® A229 0.02-0.625 0.5-12 0.1833 146780 | 1831.2
Cold-drawn wire* A227 0.02-0.625 0.5-12 0.1822 141040 | 1753.3
Chromium vanadium* A232 0.02-0.5 0.5-12 0.1453 173128 | 1909.9
Chromium silicone® A401 0.031-0.437 0.8-11 0.0934 | 220779 | 2059.2

*Surface is smooth and free from defects and has a bright, lustrous finish.
®Surface has a slight heat-treating scale that must be removed before plating.
“Surface is smooth and bright with no visible marks.

dAircraft-quality tempered wire; can also be obtained annealed.

“Tempered to Rockwel C49 but may also be obtained untempered.
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Torsional shearing stress :

Tc PR-% _8PD

Thax = J _ T 4 d3
T
"3
Transverse shearing stress :
P 4P
Z-max - = 2
A nd

Combined shear stress :
SPD 4P
T = +

" xd® nd’
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Four end types commonly used in compression springs.

(a) Plain; (b) plain and ground; (c) squared; (d) squared and gorund
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Type of spring end

Term Plain Plain and Squared or Squared and

ground closed ground
Number of end coils, N, 0 1 2 2
Total number of coils, N, N, N+1 N2 N2
Free length, /, PN, +d p(N+1) PN, +3d PN, +2d
Solid length, /, d(N1) dN, d(N1) dN,
pitch, p (Urd)/N, LN+ (3N, (l2d)/N,

—~

4
11

(a) (b} (c) (d)
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Fatio of deflection to free length, &/ ,
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125 Preferred Tig & 5 18,550
o eferre — =
g range 16 £ 6 17,300
5 100+ T T 7 16,100
L Jt g 8 14,950
E .| 112 & 9 14,000
gl 10 13,100
S0} o 11 12,450
1° 12 12,000
25 | | | | | | | | | | | | =] 4
4 g : LI *Data by Spring Mfrs.” Assn., Inc.
Spring index

: iﬁs)i.sdu S-T L ]-] - -
135 ,ke Jlo s sl s Adhis )3 .3igd g0 230lke BLALGS )3 Sl sl i

Mc\ | P (32Pr )\~ 4p
o,=|— || L |+—= |+ |+—
I \r,) A rd r,) nd

— _w
G”—O'AS

¢ Fs
:)lﬁ)@cuﬁxgb'w“"'B%))
SPC| r T
TB = 5 _2 O'a” :’Z'B Si
wd”\ 7, Fs

223Uio 9.3 S (o0 I8 (b (Slise (Spolia b (Soslianl) U135 L £95 ulinl o jlome s

el 315 93 Gollao T,

type Ty /o,
Cold - drawn wire 0.42
Music wire 04
Oil - tempered wire 0.45
Chromium Vanadium 0.51
Chromium Silicon 0.51
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