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D I S C U S S I O N 
W. B. Diboll, Jr.3 

The author has done an excellent job of extending Mr. Wahl's 
strength-of-materials analysis of a solid spring and of Mr. 
Goehner's theory-of-elasticity analysis for a solid spring to that 
of a spring of hollow cross section. To be commended espe-
cially is the carrying of his analysis to a fourth approximation 
in the theory-of-elasticity approach. 

In both plots of the maximum-shear-stress factor KA, Fig. 3 and 
Fig. 6, there is a large difference between the strength-of-materials 
theory and the elasticity theory, and it would be most helpful if 
the experimental results could have verified either one or the other. 

It is unfortunate that the manufacture of the experimental 
spring did not match the assumptions made in the theoretical 
analysis. Perhaps in the future, springs without cadmium plating 
and without sliotpeening could be tested, which wrould bring us 
in line with the analysis made. It woidd indeed be worth while 
to cover a larger range of spring sizes which would allow a little 
more information concerning the deflection factor \//u as shown in 
Fig. 5. For the particular spring under test which had a bore 
ratio of 0.496, and a spring index of 7.105, the curve of versus 
bore ratio B is so flat that an appreciable change of bore ratio B 
would not affect the factor appreciably. In conjunction with 
this, it is extremely interesting to note that the bore ratio B 
has very little effect on the maximum-shear-stress factor A'A, as 
shown in Fig. 3. 

It would be interesting to see some charts or figures on the 
actual weight savings that result from using hollowr springs. This 
would involve particular examples as far as size of spring is con-
cerned and the stress loading is concerned, and it would be most 
interesting to see this plotted in order to get an idea of exactly 
how much weight might be saved by using hollow springs. 
Since the stress measured was so much below the theoretical 
stresses expected, it would hardly be worth while for the par-
ticular spring involved to calculate the weight saving although it 
could be done on a completely theoretical basis. 

3 Lecturer, Mechanical Engineering Department, Washington 
University, St. Louis, Mo. 

In general, the saving of weight in a spring, by any meaus, is 
certainly worth while. The author has done an excellent job of 
presenting the theoretical approach to this, and it is hoped we 
will see man}' more applications in this particular line. Another 
method of increasing the load capacity of springs is by stressing 
them beyond the yield point before installation. Some very 
conclusive analytical and experimental work has been done along 
this line by Mr. Thomas Atterbury, formerly of Washington 
University, now at Battelle Institute. Either of these methods 
is certainly worth while considering for any installation where 
weight is a serious factor. 

Author's Closure 
The author wishes to thank Professor Diboll for his worth-

while comments and will attempt to reply to them in the space 
available. 

The difficulty clue to the cadmium plating on the spring un-
fortunately did not permit checking of the absolute values of the 
shear-stress factors KA and A'n. However, since the same 
phenomenon occurred both at point A and at point B, it is be-
lieved that the value obtained experimentally for the ratio KA/KB 
is valid. 

The average experimental value of A"A/A"n was 1.392, from the 
raw data. In Table 1 the only constant or bias errors on the 
KA/KB value were those due to finite gage length ( — 1 per cent) 
and cross-sectional eccentricity (an estimated average value of 
— 0.7 per cent). However, since writing the paper the author 
has discovered one other source of bias error: Cross-sectional 
out-of-roundness, which accounts for +1 .7 per cent, estimated 
from the analysis of a solid spring of elliptical cross section by 
Biezeno and Grammel [16], Since the sum of the bias errors is 
zero, no correction need be made to the raw value of 1.392. 

As calculated by the strength-of-materials equations, the 
KA/KB value for the particular spring geometry tested is 1.600, 
which is 14.9 per cent higher than the experimental value. Ac-
cording to the elasticity-theory solution, including the effect of 
pitch, the ratio is 1.415, which is only 1.7 per cent higher than 
the measured value. Thus it is apparent that the experimental 
results quite definitely verified the elasticity-theory solution. 

The author heartily agrees with the writer that it would be 
very worth while to test a larger range of spring sizes, using 
springs which are not electroplated and not shotpeened. How-
ever, the spring tested by the author was the only one which was 
then available. It had been manufactured on an experimental 
basis for simulated service tests under rather severe fluctuating-
load conditions. Therefore it had been subjected to the usual 
treatments which are beneficial to fatigue life. Unfortunately, 
these treatments were very detrimental to experimental stress 
measurements. 

Information on the actual weight saving which can result from 
the use of hollow springs was omitted for brevity. However, it 
may be mentioned that the spring used in the experimental work 
and described in the paper was designed to replace a nest of two 
conventional helical compression springs of solid round wire. 
The space occupied by the two different installations was identi-
cal. The outer spring in the nest had a mean coil diameter and 
wire diameter of 4.15 inches and 0.500 inch, respectively; the 
inner, 3.10 inches and 0.375 inch. The performance data for 
the two installations are: 

Max total 
Total weight, operating Max operating 

Installation pounds load, pounds stress, psi 
Two solid springs 11.75 1576 109,000 
One hollow spring 7.50 1700 120,000 

Thus, in this particular instance, use of a hollow spring in place of 
two solid springs resulted in a weight saving of 36 per cent. 
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(However, the designs were not exactly comparable since the 
maximum operating load in the hollow spring was 7.9 per cent 
greater and its stress level 10.1 per cent higher than in the solid 
spring.) If the space requirements had been such that a larger-
size, yet thinner-walled, hollow spring could have been used, the 
weight saving would have been considerably more. In fact, it 
appears to be inherent that hollow springs save weight, but not 
space, in comparison to solid springs. 

Another way of comparing spring designs is on the basis of 
energy-storage capacity per unit weight U. It can be shown that 
the ratio of U for a single hollow spring to that for a single solid 
spring of the same material and stressed to the same maximum 
stress is given by: 

Uho\\ov/U 3ol id = (1 + fi2)(KA.olid/*AhoUo„.) (21) 

Using Equation (21) and the appropriate values of the stress 
multiplication factors, the potential increase in energy-storage 
capacity of a thin-walled spring, as compared to a solid spring, 
approaches 95 per cent for a spring having an index as low as 3. 

The author is familiar with Mr. Atterbury's research on the 
effect of presetting and is looking forward to its publication in the 
literature. 
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