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ABSTRACT 

Mathematical development of a direct and simplified 
design method for rectangular wire springs is presented. 
Two numerical design examples are given. Case I, the 
initial load at assembled height, is the major load re¬ 
quirement. Case II, the energy capacity over the working 
stroke, is the major load requirement. The two basic 
rectangular wire configurations of the flat-wound and 
the edge-wound springs are considered separately. The 
analysis shows the variation of the final stress with 
respect to the compiession ratio 

t _ r2 _ total deflection 

* working stroke 

for different load and configuration conditions. 
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FORBWORD 

This report *3 a reprint of an article that was 
published in the technical magazine, "Machine Design". 
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RECTANGULAR-WIRE 
SPRING DESIGN 
...without tedious triol and orror 

The trouble with the usual rectanRulur wire 
spring design method is that it is not direct The 
approach presented in this article overcomes this 
/bstacle in that it is based on the most basic de¬ 

sign criteria—load and space requirements. As 
an additional refinement, this approach is devel¬ 
oped for two common situations—when either the 
initial load or the energy capacity of the spring is 
specified. The two basic rectangular-wire spring 
conf.gurations—flat-wound and edge-wound, Fig. 1 
—are treated separately. The usual design method 
is based on these equations: 

P K|Gbt‘ 

F D'N 

K,GIF 
S - 

K;. D-'N 

(1) 

(2) 

where values for K, and K., are available for various 
valves of D/f and D/b. This design technique in¬ 
volves a trial and error procedure and is cumber¬ 
some. 

A more direct approach involves algebraic ex¬ 
pressions that closely approximate the values of 
K, and K... By applying the method of least squares 
to curves for K, and K... the following expressions 
are obtained 

/ b y «i 
K, - 0 202 ^- ) 

/ b \“M" 
K,-0 416 ^ — ) <«> 

Th» following equatic ns are used in the devel¬ 
opment of the design method: 

Active solid height for edge-wcund springs, 

H - N t <5) 

Active solid height for flat-wound springs. 

H = Ni- l6) 

Compression ratio (total deflection working 
stroke), 

(7) 

Spring load at minimum compressed height is 

P: 
Pii 

i I 
(«) 

•UAH' Manna/ nn Orman ami A pphration of Ht ¡nal and Ultimi 
HAK J7»r> July 10*2 

HENRY SWIESKOWSKI 

Science and Technology Laboratory 
U. S. Army Weapons Command 
Rock Island, III. 

4 

I 

i - 

I—* 
CZZ2C~^ 

ezr^Ea 
ET'XEZa. 

X2Z23 

Hr 

If 
H H. 

ii 
Idqf Wound Flol Wound 

Fix I Bj.ii frjturri of edge-wound and fUl-wound rec- 
ungular wire tprinKt 

Nomenclature 

b Widih of rectangular wire (long side), in. 
0 Mean coil diameter, in. 

Di, Hole diameter (in which spring is installed), in 
D„ Outside coil diameter, in. 

E Energy capacity of spring from assembled height 
to minimum compressed height, in. per lb 

F Spring deflection, in. 
G Modulus of torsion, psi 
H Active solid height, in. 

H, Free height, in. 
H| Assembled height, in 
H;. Minimum compressed height, in 

I Compression ratio 
K| Deflection constant 
K; Stress constant 
N Number of aclive coils 

N, Total coils 
P Spring load, lb 

P Mean load, lb 
(P, * P.-I/2 

R l oad deflection rate, lb per in. 
S Stress, psi 
f Thickness of rectangular wire (short side), in. 

W Working stroke (from assembled height to mini¬ 
mum compressed height), in 

Subscripts 
1 Refers to value at assembled height 
2 Refers to value at minimum compressed height 

12!) August 21, 1969 "Reprinted from I-iACIUNE D2EIGI.’, Auguet 21, 1969. 
Copyright 1969 by The Penton Publishing Company, 
Cleveland, Ohio, USA." 



SPmiK« DISIGN 

Idgc-Wound Springs 
Initial Load Required: From Equations 1,3, and 5: 

/ b VI.151 

0 202 (- Gt' 
JL -_1_‘__ (9) 

r d*h 

The combination of Equations 2, 3, 4, and 5 re¬ 

sults in 

0 485 (4-)' GFt- 

S - 
D-H 

(10) 

From Equations 7, 8, 9, and 10, it follows that 

0.921 Gor‘W"u/Pi0‘ 
s2 = ■ 

(4)"”’ 
(in 

QO _ 1)0.« 

Equation 11 shows the variations of final stress 
with values of torsion modulus, initial load, work¬ 
ing stroke, and approximated values of mean coil 
diameter and active solid height. 

It is important to determine the effect that com¬ 
pression ratio has on final stress, and in particular, 
what is the optimum compression ratio that gives 
the minimum final stress. By differentiation of 
Equation 10 with respect to /, and by setting the 
resulting expression equal to zero, minimum final 
stress is determined with / = 5/3. 

A modified form of Equation 11 is plotted in 
Fig. 2 and shows the variation of final stress with 
compression ratio. Although final stress is a mini¬ 
mum when I = 5/3, Fig. 2 shows that values of 
1.5 < J ^ 2.0 is a favorable design interval be¬ 
cause within this range final stress is less than 3 
percent above the minimum value. Fig. 2 also 
shows how final stress varies with different values 
of b/t. In applications where diametral space is 
not limited, the ratio b/t should be as large as 

possible. 

Example: These factors are typical of the infor¬ 
mation a designer has to work with: 

Assembled height, H, .5.905 in. 
Load at assembled height, P, .93 U> 
Minimum compressed height, H2 .... 3.500 in. 
Modulus of torsion, G .11.5 x 10" psi 
Hole diameter in which spri >g must fit. 
.2.118 in. 

Maximum final stress, S:. .lOO.OOOpsi 
Step 1: Estimate realistic values for mean coil 

diameter and active solid height. 
Mean coil diameter is usually between 0.75D* 

and 0.90D* (which roughly corresponds with 
spring indexes of 3 to 9). For edge-wound springs, 
let D = 0.85D,, = 0.85(2.118) = 1 800 in. For 
ends closed and ground, H = 0.8H. is a good 
choice. Therefore. H = 0.8(3.500) = 2.800 in. 

Step 2: Solve for b/t using Equation 11. For 
minimum final stress, let / - 5/3. 

b \o.»T 1.805(11 5 * 10^(2.405)00(93)^ 

“/ 100.000( 1.800)" ^ (2.800)° * 

and b/t 1.263. 
Step 3: Determine the load deflection rate for 

¢// = 2 

b/t = J ^ 1 

b/t = 4 ^ 

S'l' 
/ 

(¢//10**71/-110'* 

1 1 1 1 

b/t‘f> 

I 1 1 ! i 1 1 1 

Compression Rollo, / 

Fig. 2—Variation of streis and compression ratio for edge- 
wound springs for case where initial load is required. Rec- 
ommended design region is values of / between 1.5 and 2.0. 

I = 5/3 and P, = 93 lb (Pa = 232 lb, from Equa¬ 
tion 8). Load deflection rate, R = (P2 - P,)/W 
= 58 lb per in. 

Step 4: Compute the thickness t from Equation 9. 

58 (1.8)3 (2.80) 

0.202(1.263)1 111 (11.5 X 10") 

•irs 
I =0.196 in 

and b = 1.263 (0.196) = 0.248 in. 
Step 5: Calculate the number of active coils, out¬ 

side coil diameter, and free height. N H/t 
2.80/C. 196 = 14.2; D„ = D + b 1.8 1 0.248 
2.048 in.; and H, = H. + Fj = 3.500 4 4.008 
7.508 in. 

Energy Capacity Required: Energy content of a 
spring (either edge-wound or flat-wound) is related 
to the initial load, 

Using Equation 12, Equation 11 can be rewritten 

s. 
0.921 G" "IW'ïP 1 

D" ’•H" "(/ - 0 5)'" 

(13) 

A nomograph based on Equation 13 is shown in 
Fig. 3. Stress reaches a minimum for a compres¬ 
sion-factor value of / 1, (This is in contrast to the 
previous example where / = 5/3, for the case 
where the initial load is required.) However, the 
range / 1 to / 1.2 can be considered favor¬ 
able, because final stress within this range 
is not more than 5 percent above the minimum. 
Again, it is recommended that the ratio h/t be 
made us large as the available space permits be¬ 
cause stress is inversely proportional to b/t. 

126 o 1969 
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Fi*. 4—Variation uf stress and iiimprcssion ratio when 
enerit) ta parity is design requirement. Keiommended design 
region is salues of / between 1.0 and 1.2. 

Fig. 4—Variation of stress and compression ratio for flat- 
wound springs for various 4// ratios for rase where initial 
load is requited. 

n«t-W*Hii4 Spring > 

Initial Load Required: Equations 1, 3, and 6 can 
he combined to rivc 

f DM 

From Equations 2, 3, 4, and 6, 

0 4HS ( j ) (•P'’ 

S ' - (15) 
D-M 

The relationship between final stress and initial 
load, derived from Equations 7, 8. 14, and 15, is: 

.s 

II <121 
h 

I 
(¡ri i. vy a/Pi" i 

I)'“ 
(16) 

In the t ase of flat-wound sprinps, the final stress 
is directly proportional to b/f, Fir. 4. Optimum 
desipn ratiRe for the compression ratio remains 
the same as for edRe-wound sprinRs, 1.5 / • 2.0. 

Energy Capacity Required: Substitution of Equa¬ 
tion 12 into Equation 16 results in 

/ h \"'J" 
II921 y j C'-W-'IE"' 

D" •H",'(f O S)1" 
(17) 

Energy capacity, E .524 in. per lb 
Modulus of torsion, G .11.5x10'psi 
Hole daimeter, D» .1.437 in. 
Maximum final stress, S. 90,000psi 
From given requirements: working stroke W 

8 830 8.200 0.630 in. 
Step 1: Estimate values for the mean coil diam¬ 

eter and active solid height. For flat-wound springs, 
a reasonable choice for mean coil diameter is D 
0.8D, 0.8(1.437) 1.150 in. 

For ends closed and ground, let H 0.8H.. 
0.8(8.200) 6.560 in. To have some precompres¬ 
sion at assembled heights, let 1 = 1.1. 

Step 2: Solve for b/f using Equation 17. 

/ b \« «i 90.000(1.15)® "(6.560)"^_ 

\ “ / ~ 1^243(11 5 X 1011)° *'(0.630)"•*(524)" * 

and b t 2.953 
Step 3: Determine the load-deflection rate. For 

I 1.1 and Fj 0.693 from Equation 7, F, 
F, - W - 0.693 - 0.630 = 0.063 in.; for E 
524 in. per lb, the mean load equals E W 524/ 
0.630 r 832 lb. 

Load deflection rate R = F/(F, + W/2) 
832/(0.063 F 0.630/2) 2,200 lb per in. 

Sfep 4: Calculate thickness t with Equation 14. 

r 2.200(1.15)'6 56 118 „ „„„ 
L 0.202(2.953)1 •“'(ll.5 X MF) J 

Again, minimum final stress is obtained when 1 
1; however, the range from 1 f 1.2 is con¬ 
sidered favorable for spring design 

Example: Typical design parameters are: 
Assembled height. It, .8.830 in 
Minimum compressed height. /1.. . . .8.200in. 

and b 2.953(0.232) 0.685 in. 
Step 5: Compute the number of active coils, out¬ 

side coil diameter, and free height. N H b 
6 56 0.685 9.6; 1) f) • t I 150 * 0.232 

I 382 in.; if H: ■ F. 8 200 ( 0 69.3 
8.893 in. 

Angus! 21, 19119 ^ 1969 
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