MECHANICAL SPRINGS

SHIGLEY: CHAPTER 10

Outline

· Springs General

a. Primary Function – Energy Storage 

· Material aspects

1. Area under the stress-strain curve is the work done/energy input per unit volume
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2. For energy storage only the elastic portion is useful; the plastic region is only useful for energy absorption: “crumple zone”)

3. Therefore spring materials have very high yield stresses to maximize the energy storage potential

· Geometric aspects

· A uniformly stressed part gives the highest energy storage for a given yield stress (example: a high yield strength rod or wire loaded in tension).

· Stored energy in a rod:
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At yield (σ = Sy ):
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  (best you can do)

Note: low modulus increases energy storage

· Cantilever loaded at end (in bending)
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At yield (σ = Sy ):
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note much less than rod in tension

· Tapered cantilever example
b.  Springs

· Torsion bar spring (circular) example
1. Maximum shear stress
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T – torque applied

d – O D of rod

2. Spring constant
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where G = the shear modulus, l is the length., d is the O D of the rod

· Helical compression spring (round wire)

1. Max. shear stress (including transverse shear )
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where D is helix mean diameter and F is the applied 






load

2. Max. shear stress corrected for curvature


[image: image9.wmf])

/(

)

8

(

3

d

FD

K

B

p

t

=


where KB is correction factor for curvature and transverse shear


[image: image10.wmf])

3

4

/(

)

2

4

(

-

+

=

C

C

K

B

 [Shigley approach]

With spring index C=D/d

Deflection (by Castigliano theorem)
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Spring rate
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b. Compression Springs 

· Types of ends: plain, squared or closed, squared & ground

· Spring buckling (condition for stability)
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Lo is the free length; α is the end condition constant (see table 10-2)

c. Spring Material 

· Spring materials are rated by ultimate tensile strength: although torsion yield is the issue in compression springs
· Review spring material descriptions in table 10-3

· Using the MDE for yield [
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(eqn. 10-15)
Assumes Sy  is 60% -90 % of Sut .

· For high-tensile spring steels Samonov gives

[image: image16.wmf]ut

sy

S

S

56

.

0

=




(eqn. 10-16)

· Some correlations of carbon steel springs give 
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**      (p.507)
· Mechanical properties of some spring wires – see table10-5

· For steel springs, use tabulated data for Ssy (Sut and % from tables 10-4 and 10-5) or if data is unavailable use equation above with **.
· For small wire diameter springs with no temperature issues use music wire. Excellent, inexpensive material.

d. Helical Compression Design for static service

· See figure 10-3 for process

· Percent of tensile strength see table 10-6

· Guide shown in example 10-1,2,3
e. Critical Frequency in helical springs

Natural frequency for springs between || plates
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where W is weight of active part of spring  (AL()


and ( is the specific weight


when one end is free
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· The fundamental critical frequency should be ( 15 times the frequency of the force on the spring

f. Extension Springs – carry tension loads

· In the body of the spring, use same equations for stresses as in compressive springs
· May be wound to have a initial tension locked-in (see fig. 10-8)

·  Maximum torsional stress in the hook
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where  
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  is the minimum radius of hook

· See examples 10-6 and 10-7

g. Helical coil torsion springs

1. Torsion spring has bending induced in the coils, rather than torsion.

2.  Bending stress for a round-wire torsion spring:
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and M  is the bending moment applied (Fr) and 
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 is the spring index, as before, and d is the spring wire size

h. Spiral Torsion Spring  (Spring Motor)
· Other spring types

a. Belleville Springs (coned disk spring)

High load/low deflection springs

Unusual force deflection curve due to snap through

See fig. 10-12

b. Constant force springs (see section 10-14)
c. Volute Spring (see section 10-14)
d. Conical helical compression spring 
· Large change in spring rate with deflection
· Applications for mounting compressors, etc.

e. Leaf spring (cantilever spring)
· Heavy duty rear axel truck springs

· Analyzed as a triangular shaped cantilever 
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