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r571 ABSTRACT 
A helically-threaded spring holder on which a helically 
wound spring is mounted has a groove formed in one 
side of the thread at the end where the spring engages 
the spring holder. The groove relieves the portion of 
the side in which it is formed from restricting the spring 
against axial movement during deflection of the spring. 
The circumferential length of this groove is chosen to 
establish the number of spring coils which can be de- 
flected without contacting the side of the thread. The 
end of the thread is also made rigid to prevent flexing 
thereof during maximal elongation of the spring. 

8 Claims, 11 Drawing Figures 
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spring constants is significant unless a relatively large 
number of coils are active, and in some applications it 
can adversely affect operation of the spring. For exam- 

The invention described herein was made in the per- ple, if the spring is mounted in a reciprocating device, 
formance of work under NASA Contract NO. 5-25 172 5 for harmonically absorbing vibration of parts moving at 
and is subject to the PrOViSiOllS Of Section 305 Of the the reciprocating frequency of the device, the spring 
National Aerollautics and Space Act of 1958 (72 stat- might be ineffectual and the unequal forces produced 

HELICAL SPRING HOLDER ASSEMBLY 

thereby could even cause an increase in vibration by 
unbalancing the moving parts. 

In other applications it is desirable to arbitrarily es- 
tablish predetermined ratios of the tensile and compres- 1. Field of the Invention 

This invention to 'Iaring sive forces produced by a mounted spring for specific and, in particular, to a spring holder utilized in such 
which a helic~y-wound spring can be mounted. The Is holders this can not be done, however, because the ratio 
thead of the spring holder has a tension bearing side of the number of coils in tension and in compression 
against which a mounted spring bears when it is in 
tension, and a bearing side which Conventional spring holders also tend to cause the 
the spring bears when it is in compression. ~ ~ ~ i ~ a l l ~ ,  tensile force produced by the spring to change non-lin- 
the ends of a spring are mounted on a p& of axially- 2o early with respect to deflection during maximal elonga- 
spaced spring holden which are utilized a means for tions Of the Spring. It is known that this non-hear force 
murely attaching the spring to apparatus such as recip- is a result of the combined tensile force produced by the 
rocating devices, where the spring is used to absorb spring, which is itself designed for h e a r  operation, and 
vibrations. the counteracting force applied to the spring by the 

The tensile and compressive forces produced by a 25 thread of the spring holder. The non-linearity is caused 
spring mounted on a holder are a function of the num- by flexing of the thread near its end, where the spring 
ber of spring coils which are active (free to move) after engages the spring holder. The end of the thread will 
mounting. Expressions defining the magnitudes of yield and eventually fatigue if it is continually subjected 
forces produced by helical springs are well known. For to such flexing. 
example, see A. M. WAHL, MECHANICAL 30 
SPRINGS, p. 56 (Second Edition 1963) where the ex- SUMMARY OF THE INVENTION 
Pressions listed below as equations and 2 are Pres- An object of the invention is to provide a helical 
ented. spring holder which is constructed such that the rela- 

tive magnitudes of the tensile and compressive forces 
35 produced by a spring mounted thereon can be arbitrar- 

Another object of the invention is to provide a helical 
In equation 1, p represents the tensile or compressive spring holder which is constructed for cooperation with 

force produced by a spring when it is elongated or a spring to be mounted thereon such that the force 
compressed, k is the spring constant and 6 is the deflec- 40 produced by a mounted spring changes linearily over 
tion from its relaxed length which the spring is elon- the entire range of deflection at which the spring is 
gated or compressed. The spring constant k is further operated. 
defined by equation 2 where G is the shear modulus, d In accordance with the invention a groove is formed 
is the cross-sectional diameter of the spring wire, D is in a portion of at least one side of the spring holder 
the diameter of the spring coils and n is the number of 45 thread over a predetermined circumferential length, 
active Coils. By substituting equation 2 k t 0  equation 1, starting at the end of the thread where the spring en- 
the following equation is derived: gages the spring holder. The groove relieves the spring 

from restriction against axial movement by this portion 
of the side. The groove is made sufficiently deep to 

50 prevent contact between the spring and the portion of 
the side in which it is formed, during normal deflection. 

435; 42 U.S.C. 2457); 

BACKGROUND OF THE INVENTION 

assemblies, which has a helically-threaded portion onto deflections Of the With conventional 'ping 

be arbitrarily 

P=kS (Eqn' 

k=Gdl/aL?n mn. 2) ily chosen. 

P = ( d / @ n ) S  (Eqn. 3) 

2. Description of the Prior Art 
The thread on a conventional spring holder follows 

the pattern of a reg& helix and terminates in a planar- By the side Of the thead in 
shaped end of the spring holder. When a spring is which the groove is formed, and the length Of the 
mounted on the spring holder, the number of active 55 groove, the ratio of the number of coils in tension to the 

number of coils in cornpression can be arbitrarily estab- 
in lished at a predetermined value which is greater than, 
pressive spring constants. Thus there is a difference in equal to O r  less than unity. In a preferred embodiment of 
the tensile force p, and the compressive force pc pro- the invention the groove is formed in the compression 
duced by the spring for tensile and compressive deflec- M) bearing side ofthe thread and the 1en%h ofthe Soove 
tions of equal magnitude. The number of active coils in is chosen such that the number of active coils in tension 
tension is greater than the number of active coils in k equal to the number of active C O ~ S  in compression. 
compression, because the first coil engaging the thread In applications where a mounted spring is to be oper- 
of the spring holder contacts the compression bearing ated at maximal elongations, which would ordinarily 
side of the thread before it contacts the tension bearing 65 cause flexing of the end of the thread where the spring 
side, and thus a portion of this coil which is not re- engages the spring holder, rigid means is provided at 
stricted against elongation is restricted against compres- the end. In the preferred embodiment rigidity is pro- 
sion. This difference in the tensile and compressive vided by abruptly terminating the end of the thread, 

in &ion nr differs from the number of active coils 
%, causing different tensile and 
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such that the end has sufficient body to resist flexing 
during maximal elongation. 

have been formed in the compression bearing sides of 
the threads of the respective spring holders 33, 35. 
These grooves are formed in the threads starting at the 
ends of the threads where the spring 1 engages the 

FIG. 1 is a perspective view of a prior art helical 5 spring holders, and each groove has a circumferential 
spring holder assembly. length, measured along its respective thread, of one full 

FIG. 2 is a force versus deflection graph for the turn. The grooves must be sufficiently deep to prevent 
spring holder assembly of FIG. 1. bottoming of the spring therein during the largest ex- 

FIG. 3A is a perspective view of a preferred embodi- pected compressive displacement of the spring from its 
merit of a helical Spring holder assembly constructed in 10 relaxed length L. For example, a spring holder assembly 
accordance with the invention. having three active coils in compression (n,=3) and a 

FIG. 3B is a schematic illustration defining the angu- m-um compressive deflection ( 6,max) of 0.60 inch 
lar relationships of specific cross-sectional views of a must have a groove at least G,max/n, =0.20 inch deep 
spring holder shown in FIG. 3A, as viewed from the at the locations were the spring would first make 

DESCRIPT1oN OF THE 

.I_ top of the spring holder. 
FIGS. 4A, 4B, 4C are the cross-sectional views of the 

spring holder taken at the angles defined by FIG. 3B 
and showing a mounted spring in its relaxed state. 

FIGS. SA, SB, 5C are cross-sectional views of the 
spring holder taken at the angles defined by FIG. 3B 
and showing the spring in a compressed state. 

FIG. 6 is a force versus deflection graph for the 
spring holder assembly of in FIG. 3A. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The afore-mentioned difficulties with prior art helical 
spring holders can be better understood by referring to 
FIG. 1 which illustrates a conventional helical spring 
assembly including a spring 1 mounted on helical spring 
holders 3,5. The respective spring holders 3,5 comprise 
attachment means 7,9 for attaching the spring holder to 
the apparatus in which the assembly is used, threaded 
portions 11, 13 on which the spring is mounted, and 
base portions 15, 17 against which ends 19, 21 of the 
spring abut. 

The spring 1 is shown at its relaxed length L in FIG. 
1. The relaxed spring 1 engages tension bearing sides 22, 
23 of the conventional spring holders at points 24, 25, 
located near the end of the threads. However, it en- 
gages compression bearing sides 27,29 before engaging 
the tension bearing sides. Thus, a larger number of coils 
are active in tension than in compression. 

The effect of the difference between nt and Q on the 
tensile force Pt and the compressive force P, produced 
by the spring 1 is illustrated graphically in FIG. 2 by 
curves A and B, respectively. Because the force P pro- 
duced by a spring is inversely proportional to the num- 
ber of active coils n, as is demonstrated by equation 3, 
the tensile force Ptl produced by s p h g  1 for an elonga- 
tional deflection 61 from the relaxed length L is smaller 
than the compressive force Pcr produced for a corre- 
sponding compressive deflection - 61. 

Again referring to FIG. 2, it can be seen that beyond 
an elongational deflection 62 curve A becomes non-lin- 
ear. It is at this elongation that a tensile force P a  which 
is sufficient to cause flexing of the threads at relatively 
thin portions near the points 24,25 has been applied to 
the spring holders. This non-linearity is undesirable if 
operation of the spring at forces in excess of Pt2 are 
contemplated because it is evidence of potential yield- 
ing and fatigue of the thin portions of the threads. 

FIG. 3A shows a spring holder assembly constructed 
in accordance with the invention in which the spring 1 
is mounted on spring holders 33,35. The spring holders 
33, 35 comprise attachment means 37, 39, threaded 
portions 41,43 and base portions 45,47, similar to those 
of the prior art spring holders. However, grooves 49,51 

contact. 
Preferably the grooves should have the same radius 

of curvature as the cross section of the spring wire, to 
minimize the amount of material which must be re- 
moved from the threads. In practice the radius of curva- 

2o ture of the groove is made slightly larger than that of 
the spring wire to allow for asymmetrical positioning of 
the spring wire relative to the groove. For example, a 
groove radius of 0.30 inch has been used for a spring 
wire having a radius of 0.25 inch. 

Because of the grooves 49, 51, the spring simulta- 
neously comes into contact with both the tension bear- 
ing side and the compression bearing side of each spring 
holders thread, at respective locations 53A, 55. Thus, 

3o the number of active coils in tension nt is equal to the 
number of active coils in compression n, and the tensile 
and compressive forces produced by the spring are 
equal for tensile and compressive deflections of equal 
magnitude. This relationship is represented by curves C 

35 and D in FIG. 6. Curves A and B from FIG. 2 are also 
shown in FIG. 6 (as broken lines) for comparison with 
the curves C and D. 

The number of active coils does not change as the 
spring is elongated or compressed. This can be readily 

4o seen by referring to FIGS. 4A, 4B, 4C and SA, 5B, SC. 
FIGS. 4A, 4B, 4C are cross sectional views of a portion 
of the spring and adjacent thread surfaces of spring 
holder 33, taken in the directions indicated in FIG. 3B, 
when the spring is relaxed. Cross sections of the first 

45 coil of spring wire engaging the thread are designated 
53A, 53B and 53C in the respective views. Note that at 
coil cross section 53A (FIG. 4A) the spring is restricted 
from axial movement in both directions, while at coil 
cross sections 53B (FIG. 4B), 53C (FIG. 4C), and thus 

50 at all other locations along the groove 49, the spring can 
be elongated with total freedom and can be compressed 
as far as the groove 49 will permit. As can be, seen in 
FIGS. 5A, 5B, 5C which shows the spring at maximum 
compression, the depth of the groove is sufficient to 

Note that by changing the lengths of the grooves in 
the compression bearing sides of the spring holder 
threads it is also possible to obtain compressive force P, 
versus compressive deflection 6, characteristics repre- 

60 sented by curves other than D. Characteristics repre- 
sented by curves falling between curves B and D can be 
obtained by making the circumferential length of the 
grooves less than one turn. Characteristics represented 
by curves falling between curve D and the horizontal 

65 axis can be obtained by making the circumferential 
length of the grooves greater than one turn. Thus a 
range of compressive force characteristics can be ob- 
tained by merely changing the lengths of the grooves in 

25 

55 prevent the spring from contacting the thread. 
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5 
the compression bearing sides of the threads in the 
spring holders. 

It is also possible to change the tensile force charac- 
teristic from that represented by curve C, by providing 
grooves in the tension bearing sides of the threads on 
the spring holders. This increases the number of active 
coils in tension and thus decreases the tensile force 
produced for any given tensile deflection at. By chang- 
ing the lengths of these grooves, force versus deflection 
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1. A spring assembly comprising at least one helical- 
ly-threaded spring holder and a helically-wound spring 
mounted thereon, the thread on the spring holder hav- 
ing a tension bearing side against which the spring bears 

5 when it is in tension and a compression bearing side 
against which the spring bears when it is in compres- 
sion, characterized in that the spring holder has a 
groove formed in a portion of at least one of said sides 
of its thread over a predetermined circumferential 

characteristics represented by curves falling between 10 length starting at the end of the thread where the spring 
curve C and the horizontal axis can be obtained. engages the spring holder, said groove relieving the 

In addition to the formation of grooves in the threads, spring from restriction against axial movement by said 
the spring holders of FIG. 3A differ from conventional portion of the side, said length being chosen to establish 
spring holders in another important respect. m e  rigid- a predetermined ratio of the number of active spring 
ity of the thread at the end where the spring engages 15 Coils in tension to the number of active Spring Coils in 
each spring holder is made sufficiently great to prevent compression. 
flexing at m e a l  elongations of the spring. This is 2. An assembly as in claim 1 where the spring holder 
done by abruptly terminating the threads in cross-sec- includes rigid means, located at the end of the thread 
tional surfaces 57, 59 to provide sufficient thread body where the Spring eW%es the Spring holder, for Pre- 
at the end to resist flexing. 20 venting flexing of said end during maximal elongation 

Alternative means can also be provided for prevent- ofthe Spring. 
ing flexing of the ends of the threads. For example, a 3- An assembly as in claim 1 where the thread O n  the 
radiallyextending pin can be provided in each spring Spring holder abruptly terminates at the end where the 
holder at the end of the thread to reinforce the point engages the Spring holder, such that the end of 
where the spring engages the spring holder. 25 the thread has sufficient body to resist flexing during 

By reinforcing the ends of the threads the force ver- maxima1 elongation ofthe spring- 
sus deflection characteristics of the mounted spring is 4. An assembly as in claim 1, 2 Or 3 comprising two 
linearized, as can be Seen in FIG. 6 by comparing CUrVe axially-aligned spring holders, each having one of said 
C for the spring holder assembly of FIG. 3 with curve grooves fOrmed in each spring holder in the compres- 
A for the conventional spring holder assembly of FIG. 30 sion bearing side Of its thread, the length of said 
1. This linearity demonstrates the resistance of the ends grooves being chosen such that the number of active 
of the threads to flexing. Both the linearity and the close Spring Coils in tension is equal to the number of active 
correspondence of the tensile force Pt and compressive spring in 

the exemplary spring holder assembly. n e  test results 35 helicdy-threaded Spring thereon, the thread on the 
are tabulated in Table 1. spring holder having a tension bearing side against 

which the spring bears when it is in tension and a com- 
pression bearing side against which the spring bears 

8 (mils) Pt Oh) Pc Oh) DIFFERENCE (%) when it is in compression, characterized in that the 
0 0 0 - 40 spring holder has a groove formed in a portion of at 

50 21.2 21.2 0 least one of said sides of its thread over a predetermined 
100 42.2 42.3 .2 circumferential length starting at the end of the thread 

where the spring engages the spring holder, said groove 150 63.2 63.5 .5 
200 84.6 85.1 .6 relieving the spring from restriction against axial move- 

45 ment by said portion of the side, said length being 
Note that the tensile and compressive forces remain chosen to establish a predetermined ratio of the number 
within 1% of each other for identical tensile and com- of active spring coils in tension to the number of active 
pressive deflections 6. spring coils in compression. 

Although the invention has been explained by use of 6. A spring holder as in claim 5 and further including 
an exemPlW embodiment, it is recognized that Various 50 rigid means located at the end of the thread where the 
mdifications can be made without departing from the spring engages the spring holder, for preventing flexing 
%Ope of the invention as defined by the appended of said end during maximal elongation of the spring. 
claims. For example, the spring holder assembly need 7. A spring holder as in claim 5 where the thread on 
not include Pairs of identical spring holders as has been the spring holder abruptly terminates at the end where 
disclosed, but can include a single spring holder con- 55 the spring engages the spring holder, such that the end 
structed in accordance with the invention, and a con- of the thread has sufficient body to resist flexing during 
ventional spring holder. Any non-uniformities in the maximal elongation of the spring. 
tensile and compressive forces, which would otherwise 8. A spring holder as in claim 5, 6 or 7 where said 
be caused by the conventional spring holder, can be groove is formed in the compression bearing side of the 
compensated for by appropriately designing the 60 thread, the length of said groove being chosen such that 
grooved spring holder in accordance with the princi- the number of active spring coils in tension is equal to 
ples of the invention. the number of active spring coils in compression. 

force pc, for equal deflections, was verified by a test of 5* A holder for mounting a 

TABLE 1 

I claim: * * * * *  

65 


