Spring

Helical Torsion Springs

The bending stress can be obtained by using curved-beam theory as explained. It is convenient to write the expression in the form

σ= 
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Where K is a stress concentration factor.
Ki=
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We designate D as the mean spring diameter and d as the wire diameter .

Where C is the spring index and subscripts i and o refer to the inner and outer fibers. C = D/d , respectively , The Ko  is less than unity , we shell use only Ki  to determine stresses . When the bending moment M = Fr and section moudulus I/C = 
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σ= 
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Which gives the bending stress for a round wire torsion spring.
Deflection

The stain energy in bending is U , 
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For the torsion spring , M=Fr , The force F will deflect through the distance rθ, where θ is the total angular deflection of the sprig. Applying Castigliano’s theorem .
rθ=
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I= 
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The spring rate is therefore
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The spring rate may also be expressed as the torque required to wind up the spring one turn. This is obtained by multiplying by 2
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Actual tests show that the constant 10.2 should be increased slightly. Thus the equation
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 Will give better results

The endurance limit for torsion springs can be found in a similar manner by using the value of Sse is
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The table below provides some typical values for the above variables.
	Material
	Diameter Range(mm)
	Exponent m
	A (MPa)

	Music Wire
	0.1 to 6.5
	0.145
	2211

	Oil-Tempered 
	0.5 to 12
	0.187
	1855

	Hard Drawn
	0.7 to 12
	0.190
	1783

	Chrome Vanadium
	0.8 to 12
	0.168
	2005

	Chrome Silicon
	1.6 to 10.
	0.108
	1975

	302-Stainless
	0.3 to 2.5.
	0.146
	1867

	302-Stainless
	2.5 to 5
	0.263
	2065

	302-Stainless
	5 to 10
	0.478
	2911

	Phos-Bros
	0.1 to 0.6
	0
	1000

	Phos-Bros
	0.6 to 2.0
	0.028
	913

	Phos-Bros
	2.0 to 7.5
	0.064
	932


Table 1 .
Spring materials may be compared by an examination of their tensile strengths; these vary so much with wire size that they cannot be specified until the wire size is known. The material and its processing also, of course, have an effect on tensile strength. It turns out that the graph of tensile strength versus wire diameter is almost a straight line for some materials when plotted on log – long paper .Writing the equation of this line as

Sut=
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Furnishes a good means of estimating minimum tensile strengths when the intercept A and the slope m of the line are known . Values of these constants have been worked out from recent data and are givens for strengths in units Mpa in Table 1.
In calculating the spring parameters the torsional yield strength (S sy ) is used.   The relationship between the torsional yield strength and the ultimate strength Sut can be approximated with a range as follows.

0,35 Sut =< S sy =< 0,52 Sut
0.78 Sut  cold-drawn carbon steel . (D/d>4 or d<1/4”)
Sy=σall= 0.87 Sut  hardened and tempered carbon and low- alloy steel . (D/d < 4 or d>1/4”)
0.61 Sut  austenitic stainless steel and nonferrous alloys .

材質: 各種合金鋼線ˋ不繡鋼線ˋ高碳鋼線ˋ磷銅線。
產品敘述: 由單扭至雙扭以及各種扭桿之形狀依設計成型，採用自動CNC多軸電腦成型機械加工，適用於各種扭力功能零件使用。
	種類
	規格號碼
(日本工業規格) 
	記號
	用途(參考)

	
	
	
	一般用
	導電
	非磁
	耐熱
	耐蝕
	耐疲勞

	硬鋼線
	JIS G 3521
	SW(1)
	○
	　
	　
	　
	　
	　

	鋼琴線
	JIS G 3522
	SWP
	○
	　
	　
	　
	　
	○

	彈簧用油回火碳鋼線
	JIS G 3560
	SWO
	○
	　
	　
	　
	　
	　

	閥用油回火碳鋼線
	JIS G 3561
	SWO-V
	　
	　
	　
	　
	　
	○

	閥用油回火鉻釩鋼線
	JIS G 3565
	SWOCV-V
	　
	　
	　
	○
	　
	○

	閥用油回火矽鉻鋼線
	JIS G 3566
	SWOSC-V
	　
	　
	　
	○
	　
	○

	彈簧用油回火矽錳鋼線
	JSMA NO.5
	SWOSM(2)
	○
	　
	　
	　
	　
	　

	彈簧用不銹鋼線
	IS G 4314
	SUS 302
	○
	　
	　
	○
	○
	　

	
	
	SUS 304
	○
	　
	　
	○
	○
	　


Fatigue Loading

For helical springs, The worst condition , would occur when there is no preload , that is , when 
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So , we define 
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Use Goodman analysis
When 
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Stress in helical springs

The maximum stress in the wire may be computed by superposition with the cut portion would exert a direct shear force F and a torsion T on the remain part of the spring.
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Fig left is Axially loaded helical spring ; right is free body diagram showing that the wire is subjected to a direct shear and a torsional shear .
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Where the term 
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 is the torsion formula and 
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 is the direct (not flexural) shear stress. Replacing the terms by 
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Now we define the spring index 
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 , Ks is a shear –stress correction factor .
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 , 
This is called the Bergstrasser factor .
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When fatigue failure is likely or when the spring material must be considered as a brittle material , Kc is treated as a stress-concentration factor and used according to earlier recommendations .

Deflection of helical springs
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 ------ Tension and compression
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  direct shear .
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Substituting 
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Where N=Na=number of active coils . Then , using Castigliano’s theorem ,
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Since C=D/d , that can be rearranged to yield
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The spring rate is k=F/y , and so 
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