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havie somewhst diiferent surge velocities (about 10% difference)..
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Study of Dynamic Response of Stranded Wiré Springs.

ABSTRACT

4

'i;A total of 60, ID=recordings were made of 5 different test springs,

42 reccords in impuct loading at velucitiég up to 560 inch/secy.
and 18 records on the sudden release of spring,et extension velocities
up 1o 830 inch/scec.

Each record was evaluated wich respect to surge time (Loth wove
head and wave peak),velocitiesgminimum height reached,etcio

For single wire springs,the formulss of the Surge Wuve Theory
wvere recapitulated and summurizedi@éhSeo&&on-C'Ia~Stttiun—97cdtg.c-
ponding formulas were derived for stranded wire springs.These formue
las use lumped values us parumetersgsuch as the wetive veight of
spring (or per coil) und the measured rate of ‘the spring (or coil),
instead of wire diumeter d and meazn coil diumetor Doy

7
When using ‘the messured iﬂiﬁiﬁl ra‘te of spring in these formulus,

———
T

good agreement was reached between fhie culeulated and the meusured
velueseTherefore,u set of formulas is available now for strunded wire
springs which predict dynimic values such as surge t'ime,surge velocity,
extension velocity in sudden relesse and induced loald and stress
within a few percent of the measured values,

Stranded wire springs were found to show a few phenomenan owex
‘those observed on single wire springs:The surge velocity is not a
grnstunt for all compression levels of spring,but iacreuses sliwhitly

‘with increusing compression,.Thh slope of the wave head has a pronounced

terdency to bruofen during propagation,so that heud and peak 3£ wave

The wave head disuppeors in the records after from 2 to 3,5 surge
times T,us compared te 6T or 8T in single wire springs,
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Appendix B : Audxthunal svrlng data. :
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Final Report

Stuly of Dynamic Responde of Stranded Wire Springs.

Table éf:

Scope of Work

Compiling basic spriz, Jdata

Yontents

No.,of pages

in Scetion

Samsary of surge wayr Jormulas on single wire springs

~ Bstablishment of surge vave formulas on stranded wire

Preperation cf test fixtures for rccordifig spriang response

3=strand SPIW

Discussion. of

3=sirand SPIW.

~Discussion of

7-strand SRIW

Spri. gt
ID=r. cords on

drive springs

Th=Tecords omn:

drive spring:

2.
)
6
springs 6
@
impact loading 4
sudden release of Spring 2

dnth

Data evulaated<from TD

Discussion of INmricords on impact loading 3
T-~strand. SPIV .duive spring: ) . - )
Discussion of ferecords on sudden reledye ef 3pring 2
J~sirand M85 dfive spring: ’ .
Discussion of TDmrecords on impact loading 2
Testrand M85 drdve springs o - -
Dihcubsxor of TD=recorids on impact losuing R 3
Twstroand M85 rdrive spring: -
Discussion of TD=records on sudden rekeuss of spring 2
Tmstrund 20-mm gun drive aprlng> -
Discussion of TD~records on impss v la¢d;ngg P
Atvenuation of single surge wave in atx&adﬂd wire fpring - 2
‘Comparizon of measuiad aid gal renlatbed surge times T 2
‘Comparison of meuwsured e eslealatad sxtension Vclocltlcs 1
Summary of,msnjor .concinsions ‘ 4
. R - R .
Recommendations 1

B e A S |

da%a shoets,3 da&grums 7 9

9 Tables, ‘charts,1 diagram ; 9
30" namples of TDwrocords - ander scparaté cover 3
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Ecope’ of Vork.
Se £ work _ neral.

-
‘.

.Pﬁbtograph the transient ‘wave propagation in stranded wire springs

with a time-displacement camera under presciibed conditions of impact
velocity,mass weight and spring preloads,

Evaluate time~displacement; records aiid obtain measured values
for time,coil displacement,velocity,acceleration and spring force.
Determine the transient wave velocity,the dynamic spring force and
‘étrass from the TD=records.Sorec tests will also be performed on pre~
compressed stranded wire springs released suddenly to determine
éxpansion velocity and characteristics.

Conduct a theoretical analysis and establish formulae for the
calculation of the dynamic load and stress and the transient wave
velocity in stranded wire springs;

Correlate theorstical resulis with experimental data and prepars

report on findings.

2 Numbgr qf tegj springs.

, Fivezgtranded wi}é test springs,two of the 3-strand type -and

. three of the 7-strand type are ta be investigateds

3-stwand drive spring for SPIV Rifle;
T=strand drive spring for SPIW Rifle;

3-strand drive spring for Cal,,.53 M85 Machine Gun;
7-strand drive spring for Cal,.50 M85 Machine Gunj
T-strand drive spring for .20 mm Machine Gun.

3, Number of TD-records to be yaken.

The Contractor shall record a total of 50 time-displacement records,

with usually 2 records each for a given condition of spring loading.,
Thesé_gi_paitsvof records may be composed as follows:

5 types of stranded wire springs under impact,
" with two levels of preload each :

2 4ypes of stranded wire springs under sudden

release,with 2 levels of preload each :

10 conditions

4 conditions,

o v
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This makes for 14 different conditions or 28 records total.,
Another 22 records are extras,to be taken at different film speeds
and megnifications,as the need arises during the program,

4, Ezalgqtion of TD-records.

All the records will be evaluated regarding measured values of
time,coil displacement,velocity,acceleration,surge velocity;spring
force and stress.In addition,the damping of the surge vaves over time
and displacement will be evaluated.Also,it will be -endeavored to
measure the degree of danping of a particular spring by a numerical:
value,say by an exponent a in the energy term é-at;supposed the
energy decay followsi such an exponential law. ‘

5. Iheoretical analysiw :of wave propagation in gtranded wire springs. ;

The transient wave 4élociiy wiil be derived from the:Geﬁerql-
Vave Equation: o
“ a’y/at? = ? . a%ylax? . @)

This general equation must :be modified to account for the energy decay
due to damping as inherent in stranded wire springs.At least an approxi-
mate solution will be sought for determining the influence of damping

- -——on:-the wave velocitys

6. . Techgieal Reports.

The results of the recordings and the analysis will be adaguately
covered in the form of Technicul Report3,3 Quarterly Reports and one
Pinal Report.The Third Quarterly Report may be includéd in the Final
Report,if the Scope of Work has been completed by that time.These
reports will contain some of the TD-rocords taken as examples,which
are discussed in detail,Of the prints not conteined in these reéports,.
an extra set of rrints will ve forvarded separately,

M o, o
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LA B, Cbmnilipg-basic;sgrini”dgtwy,

On each of the 5 test springs;ihe basic dimensions were measured, -

before as well as after thée iesting.8ome of the springs (SPIW-7 and
M85-7) took a definite set during the testing,vhile the other 3
springs maintained their free height.

The average pitch of tﬂb middle coils of the springs,ht,at free
hnight was also measured;ober a length comprising from 30 to 60 coils,
VWith hf known, the displacement magnification q of a TD-record can be
determined more accurately than from the free height hf of apring,
vhere the actual ends of the spring cannoct be marked by special traces,

The force-deflection rate P/F of the springs was also calculated,

T by méans of thé conventional formila for singls wire springs :and simply
adding the rates of the 3 or 7 single wire springs,Alsuv;measured
torce=deflection diagrams. P(F) vere made available for each of the
5 test springs by AMSWE-RET.It was felt that a comparison between the

LV, SRR

53}1 ok calculated and measured spring rates (static: rates) is a necessary part

% A ot this study.

gﬁf? ¢ 2. §PIW drive spring.3 strand. ‘
%gi The basic data are compiled 1n‘dmta sheet X1,in 4Appendix X. ;

Ite® measured forcs *~flection dxagram P(P) s plotted in Diaugram 1, :
Appendix X;This spring maintained its free height during the testing., :
‘The calciilated rute P/F = 1,38 1bs/inch and the measured rate over
the first 5" of stroke £1.40 lbs/dinch) are in close agreement. i

bk ic R
:

Here:an inner guxde rod cf 0266" was selected.The sprzng ends
verd found tc have a :somewhst lesser diameter than the middle coils,
binding on a somewhat larger rod of 272" diameter,

v{r“g‘{

iy
7

e A

Data sheet X2 in. Appenélx X gives the basic data and Diagram
page x3,111uutrates the meazured P/Fndlagram.ﬂere the rate P/P =
1,85 1lbs/inch ‘calcunlated un&er sxmpllfyzng assnmptions is substantially
. less then the rate P/F = 2,10 1bs/inch measured over the first 5"
. of stroke,This apring set from Hy = 14,26" Yo 13,80" during testing,
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4. 3~§trandAM85'driye sprigg.

The bysic dutu are compiled #n pege X4 of Appendix X.
This spring is rather huskyg;with an index D/d of ouly 8.62,
Purthermore,i-t is coiled exiremely stepp,with an uncorrected solid
stress S approuaching 190,000 psi.

Diagram2 on paygé X6 of Ayvendix X 2liustrates the measured
force-deflection diagran,P(F},according to the data furnished by
AMSVE-RET.Over the first 5 inches of stroke,where the characteristics

is rather linearja spring rate B = 11,20 Ys/incn
was measured.The spring rate calculated from the spring data '
[assuming 3 wires in parallel] is R = 10.45 1bs/inch,

i.es,about 7 % less.

The spring experienced only a minor set during testing,f{rom

Hf = 18,30" +to Hf = 18.20"

5. T~strand M85 drive spring,

The basic &dta arce compiled on page XS of Appendix X and the
measured force-deflection diagram P(F) is iliustraved in Diagram 2,
-page X6y0f the Appendix X.The calculated rate [parallel single wire

springs assumed] of R = 3,29 1lbs/inch was found to be sub-
stantially less than R = 4,0 1bs/inch as measured over the
first 3 inches of stroke.Notice the great difference in rate and
characteristics with respect to the 3-wire strand spring fer the

same gun,

This spring was found to take a substuntial set during the testing,
from Hf = 13,26" to Hf = 16,90" .This 3uryge set is mostly due

to tho omission of the buffer in a few tests,where the spring was

then. crushed solid by excessive kinetic enerygy of the impact mass,

6. J=strand 20 mm gun drive spring.

The basic dutn are compiled on page X7 of the Appendix X and the
measured force-deflection characteristics P(F) is iliustrated in
Diagram 3,page X8,0f Appendix X.The culculated rate [purallel wires |
of R = 6,25 1lbs/inch is well below the measured rage of

R = 7,50 1bs/inch Yover the first 10 inches of stroke).

This 4pring took only a very minor set during the testing,

from Hf = 24,65" 4o Hf = 24,5" and was found to have recovered
to the initinl free heigh* after weeks.
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. C, Summary of surge wave formulas on single vire springs.
1. Jerminology.

x
[ - a. Djmensions,in [inch].
E d Wire diameter
as Diameter of wire strand
; D, Duter diameter of coils
E D, Inner diameter of coils
i D Mean coil diumeter
. H Height or length of spring
5‘ R,  Pree height
1 Hs Solid height
a H, Initial height (preloaded) in impact loading
% Hz Initial height in sudden release recordings
- h Pitch of coil
. P Deflection of spring
E ' £ Deflectionr per cuxl
x Wire coordinate,measured along the wire’
” L1 Length of wire of one coil

. Length of wire of entire r~pring (active coils)
Deflection of a point of wire of coordinate x

<

;
i
\
& i b. Times, in{sec] or [ms].
¢

E 't . Time in general (varinble)
i t = 0 Instant of impact or sudden release
T1 Wave propagation time or "surge time",per coil
- Vave propagation time or "surge time" through spring
? v (single lengih)
: 7‘ T, Surge time of the wavehead in first transition
i T. 8eparation time of rear spring end in sudden release
¢ 47 Period of free vibration of spring in sudden release,

when rear spring end is fixed,
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"h

C3. Terminologygcuntinued,

T

N "’M‘ﬁ‘m
[ ]

c. Yglacities, [ineh/sec].

ek

(]

¢ Velacity of propagation: of wave ulong the wire,

P

also called "surge velociiy".
Yo Impact vcelocity of impact mass on spring,
also extension velocity ¢f spring epd in sudden release

b

v(xyt) Velocity of any point on wire axisgof wire abscissa x,
,at the instunt of time t.
Av Kinevic amplitude of surge wave

Ve e wom, T

= de Weights and forces;in [1bs].

' v = m.g Weight of spring (active coils only) )
i . VW = M.g Weight of impact mass
;é P Load at any spring pointjyalso force at spring end '
- P1 Preload of spring in impact loading

'g, P2 Preload of spring in sudden release recording

Py Spring force at solid height

P(F) Stutie force-deflection diagram

ey e

AP Chanve of force induced by an impact of velocity v
(Force amplitude of surge wave)

e. Stressesgin [psi] .

<«

Modulus 0% eclasticity in borsio

-~ ~ » 5
wvﬁe@»p‘?wwé/ﬂ - e
w

Stress at auy point of :peing (at wire surfacc),(shear),

7

: S1 Initiil {stutic) siress of prelosded =pring (imp. t loading)
ng S, Static stress at solid height of spring
:‘11 . AS Change of stress induced by impact of velocity v

(strese amplitude of surge wave) '
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. C1. Termiuelopy.sontinued.
f. Oiher values Dimension
&  Acceleration due To gravity,386,4 [inch/secz]
Weight of spring materizl per inch® [1bs/in.>]
_z’g 0283 ibs/ineh” for spring steel
% = P/F Porce-deflec.ion rate of spring [1bs/inch]
R1= P/f Force~deflection rate per coil [lbs/iny/coil]
C = D/d Spring index [~—-]
K, Number of total coils in spring [-~-]
N, Number of active coils only —

u Potential at a peint of spring,by definition [inch/sec]
Qu Change of potential induced by impact velocity v
(potential amplitude of surge wave as opposed to
kinetic amplitude v)
2  Radius of spiral of single wire uround strund centerline
b Length of lay of sinrle wirejulong strend centerline
b* Length of lay of single wire,absolute -—

R 1 D TR e
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8

2. Basic wave equation and surge velocity.

In the basic wave equation

dzy/dtz = . dzy/dxz ? (1)

the constant ¢ denotes the velocity of propagation or''surge velocity"

in the lineur medium.Por a helical compression saring,this surge

velocity ¢ is given by the formula

Rpe Ly

Ye (A +41 /)

2
c =

[inch/sec] .

where
Rpp = R, ¢ vsorce-deflection rate of one ceil , [1bs/inch/coil]
A : Cross~sectional area of wire y [inch®]
I : DPolar moment of ineritis of wire cross-section, [inch™}.
For a round wire spring,these values are:
4
S )
R *x R = . y 3
Pt 1 8 D3
o~
A x (”/4) ° d2 ? (4)
—
1, = (¥/32). a? . (5)

The length of one coil,strictly speaking,is slightly longer than
]7-b yby a factor k mlightly above 1:

L, = k.7.D ' o (6)

For a roundwire spring,the formula (2) for ¢ then becomes:

2
. d G.g k
2
c = o o gy e e e g e . (1}
p¢ " 2 1+ a%/2p?

With k = 1,01 (conventional choico) and spring index D/+ = 7 (mean
value),the third factor in equation (7) becdmes 1 anu «e have the
simplified formula: d

¢ = e \[eeemeee . (8)

For a spring from svees wire,this formula further simplifies tos

¢ = 88,560 , (d/D) [inch/sec] . (9)

(

2)

e -,

calioit:
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3., Surge timevand natural'frequenqy.

¥e distinguish between wthe surge time T through the éntire spring
and tﬁe‘surgé'tzne T, per coil.In @valuation of TD-records,the latter
should be give. priority,due to the: slight uncertainty regarding the
accurate numbel of .active ¢oils in a -springs
4
Agsuming k = 1,01 a3 is conventional,it follows from (8) and (30):

5 72 1 |
le, = i - 220102 (2T . (11)
, d ' g.G

¥ith mean vulues of spring steol:

= T/N = L fe = k.f.Dfe [sec/é0il], (10)

7 = TN = 35,%.10°, p%/a . (12)

1

When defining the active solid height
HS = N.d ] (13)’

an alternate formula for the surge time is obtained:

T o= 35.8.107° . (0/a)® . H . (14)

The latter form shows clearly,that the surge time T increases with
the square of the spring index D/d.

Natural freguency:

If u spring is fasteéned with one end,the spring will oscillate
at & fundamental natural frequency,where the period of vibration
comprises 4 surge times T:

N, = 1/4T [sec"] . (15)

¥With mean values of spring steel:

Y

n, = 7000 . a/(n% . N) . (16)

With both spring ends fastened,the period of the fundamental e
free vibration comprises only 2 surge times T and the fundamental
natural frequency n, becomes twice the above value of equution (16),

o~
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4, Single surye yuve ond amplitudes.

The forcedmotion v(t) of a spring rnd or of un intermediate point

x of apring generates a "single surgo wave",vhich has a kjpectig
amplitude of sume velocity v und u potentinl amplitude,which can

bo expressed in 4 difforent ways:t

Az n chunge of loud or force, Ap R
ns u chnnge of stress {uncorrected), AN ,
as achunye of deflection per coul, Af ,
ns o chunge of potentinl, Au R

Bv definition,

Uu=1v,

The following formulas have Vech derived:

tineh/coil j;
[ inch/sec .

=

-2
Loy
As/v =
Af/v =
uiv =

Ry « T, = (3.17/8).(a%/n). 2 g--u/y

(AP/v). (ds/AP) = \/ 1ile

T, = 3.7 .(b%/a). \/(:dr7g.6)

1 (by definition) .

With mean values for spring steel,these formulas specinlize to:

AP/V =
AS/V =
Af/v =

5145 . 4°/b

131 (psi/inch/scc |

[1bs/inch/sec)

(17)
(13)
(19)

(20)

(21)

(22)

35.8 . 1070, Dz/d [inch/coil per inch/scc].(23)

Here the surprising result is:The stress change induced in the spring
by a forced velocity v (such us impuct) is proportionul to the velocity
vybut independent from the spring dimensions d and D.Each inch/scc

of forced velocity changes the stress of the spring point in question

by 131 psi.
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D. Modification of formulas for stranded wire springs.

1. Derivation.of general formulsa for~$uraelveiocity.

Ve return to the basic wave equation (1) and to the :general
formula. for the sufge velocity,which is also v-Tau for .stranaed
w%re springs: ' R

o L
o - ( 1/) IA 3L 9 @)
] + . ¢
778 p |
wvhere 531 = R;e, ¢ forceé-deflection rate of one CQiI,in,[lhs/inch],
and ﬁ1 : length of wire in one coil, in {inch] .

With the exception of the unusually husky 3-strand M85 drive
spring (b/d = 8, éé) the spring index D/d of the other 4 test springs
ranges from 11,3 to 15.With an index of 14,the term 4, IP/D drops: to
only 0,25% of the term A .and therefore can be rightfully neglected.
Whén further introducing the weight of one coil:

v, = 7’. A o L, [1bs/coil]

2 = L12 o (Ry.g/¥)) . (24)

equation (2) becomes:

For stranded wire springs,this more general formula for the

surge velocfty should be used,for the following reasons:

a) The length L1 of one coil cun bé substantially longer then the
conventional value of 3,17.D Kl.e.,k = 1,01 in formula (6)] for
single wire springs,

b) A streaded wire spring has a non-linear force-deflection cha-
racteristics,as the measured diagrams in Appendix X clearly show.
The spring rate R of the entire spring and therefore also the
spring rate R1 of one coil increase with increasing deflection,

This is due to the fact,that the wires are not only stressed in pure
torsion as with a single wiras spring,but have a more complex stress

distribution pattern including tensionybending and alsc friction,

There is no satisfactory and accurate method to derive the pro-

gressive fores-deflection characteristics of a stranded vire spring
to obtain a reliable formula.But messured values of the rates

R and R, could be used instead.

For these reasons,it is preferred to leave formula (24) in its
general formywith Ly and R, o8 parameters.

= 11
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2, Derivation of fyrmulas for surge times. )
From equation (10),the surge fime per coil, T, v and of the entire
spring follow to- bég

T = L1/c [sec] , (10a)

and T o= NT, = NeL,/e = L/c . [sec] (10b)

‘When introducing ¢ from formula (24),i¢ follows:
B . D

r,o= O\ | [sec] y  (25)
and i\ = é/N/R.g ' [sex] . (26)

Here W denotes the active weight of the entire spiing and may be

calculated from the formula:

= 0.785°d2.L1o Livs] o (27)

Here the wire length per coil, L1 , has to be calcialated and
for the rate R1 = N.R , the measured value of R may be used.

Te surge time»s‘»T1 and T are proportional to
the square root of the weight per coil,w1,
and inversely proportional to the spring rate per coil,R1.
The surge time T,of course,is also proportionate to the number of
active coils,N,

Natural frequency:
For a spring with one fixed end and one free .end,the period of

free vibration comprises again 4 surge times and the fundamental
natural frequency becomas:
v fonem

1_n1 = 1/4.17 [sec—1] . (15)
And for .a spring with both ends fixeé,the period of free vibration

comprises only 2 surge times and the fundamental natural frequency
becomes:

|» = v [sec™'] . (158)

e M a——— v
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3. .amplitudes of single surge wave in §tranded wire springs.
The impact of a mass on a spring end with veloc¢ity v {or any

forced motion) generates a"single surge wave",which has a
kinetic amplitude (coils are forced to move with same veloc¢ity v)
and a potential amplitude,which can he expressed in various wayss

As a change of deflection per coil,Af , " dxn [inch/coil]
as -a change of load or force, ar , in [1bs] ;
a8 a change of stress (uncorrected),4s , in [psil .

Defliection per coiil:

During a tihe interval equal to the surge time per coil, T1 ’
the surge waves traverses one coil,while the end of coil makes a

displncement-(V.T1).Thefefore,the deflection per coil becomes:

At = T, .V [inch/coil] . (28)

Loud induced:

This deflection per coil imduces an additional force
Y

AP = Ro.af & Ri.Iv [1bs]) (29)

Stress induced:

In a single wiire spring,the maximum torsion stress § (uncorrected)
has been found to be independent from the dimensions d aund D of the

spring: o \ i
AS = \/2Y‘.G/gi .V [psi] , (18)
or,for a steel spring: 48 = 131 . v [psi] . (22)

In a,stranded wire spring,however,the stress distribution pattern
is more compiex.Thé impact energy is not only stored in $orsion
stresses,but also in bending and tension stresses (besides friction),
Therefore;the actual maximum torsion stress will be slightly less
than the value calculated from above formulaa (18) and (22).
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4, Culculation of wire length per coil..

The wire léngth per coil; L1 senters into- the formula for the
surge velecity ¢ and slso into the formulas for the surge timss,
by way of the weight per coil, ¥, .Therei‘o:e,_L1 must be- calculated
as accurately as possible.

The coil length L, of a single wire in a stranded wire spring
is greater than the projected circumference 3.14.D,for 2 reasons:

a) due to the pitch of spring at free height, hy
b) -becuuse the wire (except the core wire) forms a spiral or
helix around the centerline of the straight .or coiled strand.

Table 1 on page Y1 of Appendix Y illustrates the nrocedure of
culculutiﬁg L1 for the 5 teét springs under consideration,

The length of the coil centerline follows from the formula:

~-e

ha

' B

L' = \](3,14.1))2 + hf‘?‘ [inch] . (30)

The ratio L1'/30140D 1s found to be from 1.018 to 1.034,ive0,a por—
centage increase'of the centerline length from 1.8% to 3.4% over 3.14.D.

The second step is the calculation of the length of the spiral of
a wire with respect to the centerline of the strand:
Firsi,the number of wires wrapped around the centerline over one coil
was measured on the test springs,ranging from 7 turns for the M85-3
spring to 17 turns for the 20 mm-7 spring.From this,the length of —

one lay,designated by b ,was calculated.b was found vo range from
0 367" to 1,15" ,

Second,the radius a of the spiral was determined (see illustration
f radius a on the bottom of Table I) sa8 well as the ciréumference 2fa,

‘The increase of the wire length‘L1 over that of the strand centerline
i® then described by the ratio:

L.I/L1' = b*/b = V1 + (2'/.79,/b)2. . (31)

" This length increase was found to be from 4.5 to 7.6 %,i.e.,ubout twice as

as great as the relative length increase from the pitch,
Altogether (pitch und spiral effect combined),the length L1 of a

single wire coil is gubstantially greater than 3.14.D;by from T%
(8PI¥-3 spring) to 10.8% (20 mm=7 spring) .,

|
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5, Numerical calculation of surge times and surge velocity.

The results of these numerical calculations are given in Table II ,
page Y2,in Appendix Y.

Pirst the'cross-sectional area of the individual wires were cal-
culated and added up to the cross-sectional area A of the entire strand.
By multiplication with the length of coil L, (froim Table 1),the
veight per coil, W1 , is obteined.The active we¢.ght of the spring bas
also been calculated in Table II,

We now consider the formulas (25) and (26) for the calculation of
the surge times T1 and T.Due to the .non-linear force-deflection
characteristics (see Diagrams 1 to 3 in Appendix X),it becomes here
somewhat doubtful,what values should be used for the spring rates RT
and R.Since no decision can be made prior to a comparison with the test
results,two alternate caulculations have been made using the following
assumptions:

Assumption A:

Here the spring ratve of each single wire in the strand was calcu-
lated by means of the well-known formula for single wire springs
and these rates were simply added tv obtain the rate of the stranded
wire spring.These rates were already given in the data shgets of the

springs in Appendix X.

Assumption B:
Heré the rate of the spring was evaluated from the measured

force-deflection diagrams of the springs (Diagrams 1 to 3 in Appendix X).

Only the initialj;linear portion of the diagram wus used,over u stroke
anywhere from 3" to 10".These rates were also given in the date sheets
of the springs in Appendix X.The measured rates were found to be always
higher than the ealculuted rates,with deviations up to 20%.The deviations
wvere found to be greater with 7-wire strand springs than with the 3-wire
strand springs. -
Under §ach assumption,the surge velocity ¢ has also been calcu-~ |
lated for the 5 test springs.With assumption B,shorter surge times and
higher surge velocities are obtained.
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: 6. Numerical cdalculation of amplitudes of single surge vave.
In & single surge wave,the potential amplitude i3 always propos~

tional to the impact veloglty v.It can: be expressed either as
e - deflection per coily, At yinduced load,;SP ,1nuuced stress, 45 .

Deflection per coil, ar ¢

Accordzno to formula (28)-,the deflection per ecil Aﬁf generated :
by 1 inch/sec of impact velocity is equal to. the surge time per ¢sil, Ti .
Therefore, the T1-va1ues given in Table II of Adpendix Y already )
establish the ratio Af/v for each of the 5 test springs.For example
(using assumption B),iﬁ the SPIW=3 spring,ecach inch/se¢ of impact

- velocity generates adeflection per coil Af = ,000157 [inen] , j
- Vith a total deflection per coill £, = h, - d% = ;231 - 073 = 158",

E_ ’ it would take an impact velocity v, = 1000 inch/seé A f?’ -

3 to render the spring coils solid in one impact.

F The reverse holds ulga true:A préecompression by .000157 inch/coil

. will gener.te an extension velocity of 1 inch/sec,upon -sudden release,
If the spring is suddenly released from solid leight,an éxtension
> - velocity v, = 1060 inch/sec can be expected,
* This is the lamit velocity of the spring.

Induced force, AP :

Aécording to formuls (29),the ratio AP/v is equal to (R1.T1)
and these numerical values are also given in Table II.For example
(second assumption),in the SPIN-3 spring,cach inch/sec of impact
velocity induces an additional force 4P = .0163 [1bv] &

Or,in other words,an. impact velocity of 1/.0163 = 61.5 inch/sec
is required to raise the force of the spring by 1 1b.,

Induced stress, 48 : >

Here it is suggeésted to use the formula for single wire springs,(18),’
vhich takes the very simple form of formula (22) for steel springs,
Each inch/sec of impact velocity raises the stress by 131 psi ,
This relationship is considered a good approximation also for
stranded wire springs,where the force-stress selationships are more ‘
complex than in a single wire spring.
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1. PRixture for impact-lquing of springs.

‘Es Preperation of test fixtures. foxr recording spring response.

On.:a heavy and rigid bench stand,2 end supports were mounted at

a ‘distance of about 56",to receive the ends of an inner guide rod.

This guide rod consists of two sections:

4 righthand section of 812" diameter guiding the accelerating

spring,which can be prelcaded to various heights to impert any

desired velocity to the impact mass.

A lefthand section of rod to guide the test spring.This section

was made interchangeable,having diameters of :266",,200",.375"

and ,750".

Between the accelerating spring and the test spring,the impact

mass is erranged.This mass is guided on the outside,in

a tube -of

1,50" inner diameter.This was made necessary by the rather thin guide

Tods for some of the test springs,which were much too flexible to guide

a heavy impact mass.The guidetube contains a longitudinal window for

viewing of the test spring by the time-displacement camera and also

longitudinal slots for a cocking handle of the impact mass and for

triggering means,

The opening of the camera shutter is synchronized with the release

of the impact mass from a sear mechanism,

An impact mass of about 2 lbs had been specified.However,the 5
test springs were found to be widely different in energy capacity
and it was found proper to adjust the weight of the impact mass some~
vhat to the strength of the'springs.Therefore,B diffexrent weights

were used in this test program:

SPIV test springs : ¥ = 1,15 1lbs ,

-

M85 test springs
20_mm_text spring V =3.25 1lbs ,

Vo= 2,15 1lbs

The specified range of impact velocities
v, from 30 to 40 ft/sec
was somewhat amplified to range from

vo = 25 ft/sec to close te 50 f£t/sec.

11

Vd

L = 3015" ;
L = 6005" . <
L = 5,25% , ¢
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2, Pixture *for sudden release of,prglonded springs.

Hére thée: 2 end supports were mounted closer together,at a distance
of about 34%,receiving the ends of the inner guide rods of the test
springs.3 of the 5 test springs were submitted to sudden release tests:
SPIW-3 , SPIW~7 and M85-7 drive springs.

A sear mechanism had to be developed for the sudden release of the
precompressed springs.A scar blade holds one side of the end -coil of
spring,alsc ‘touching the guide rod.Then this sear blade is suddenly
withdrawn by the core of a solenoid,in synchronisation with the opening
¢f the cameéera shutter.

The test spring was always released alone,with no adjucent mass *:
be driven.Tvwo levels of preload wers used,one close to solid com~
pression and the other close to half compression.lere the rear end
of spring was only supported in the rearward direction,so that it could
fly off forward at the end of the spring expansion,

In another arrangement,the rear spring end was fastened to the
inner guide rodypermitting no freedom in either direction.ln this case,
the spring performs a free vibration,in periodic fashion.

18
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P, 3~strand SPIVW drive spr@ng:
Discussion -of TD-recordg on impact-loading.

1. Review of TD-records delivered.

A total of 8 TD-records was taken and delivered:Two each for
each of the 4 combinations of high or low impact velocity v, and
_ no prelcad (spring at free height H ) and a substantial preload.
3 ; 4 of these TD-records are conta1ned in this report,while a second
set of 4 TD-records taken under the same operating conditiors is

e being delivered separately. )

. ' Py
e M e PRI
u:“ - :.‘us. ! ‘yﬁw
¥
o
—h
t

f———.

: ) Operating condition No. of record No, of record
Impact velocity Precompression .. in repory in second set

3 " high none 70-723 . 722

- high yes 725 726

? low none 728 727

> low yes 730 731

1

i All records on photo-recording puper.

: - Note : A block of 20 coasecutive numbers has been reserved fox the
L ID~records taken 6n ti.e 3-strand SPIV drive -spring. '

3 On impact-loading : TDR 70-721 +to 70-732.

on sudden release : TDR 70-733 +to 70-740 (Seec Section G)o

2. Discussion of TD-record;ZO~723.(high,no preload)
T Operating conditions:

3

4

E

E & The timing marks given at intervals of 1 millisec indicate a
E
i

A

£ilm speed p = 201 inch/sec A
;. with the time axis running frem right to left.The magnification

Q¢ = ,387x
as heen determined from the distance of the horizontal coil traces
| prior o impact,when the coils were at rest and at froe height,
E A ribhzr buffer has been installed in parallel to the test sprlng,
; tu be :contacted at & height of test spring H = 7",
= . The impact velocity of the impact mess of 1.15 1lbs was evaluated to be

o ' Vo = 478 inch/sec.
L‘ ' . -
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Response of spring:

The test spring decelerates the motion oX the impact{ mass only
to a minor extent,with the additional buffer doing most of the stopping.

The minimum height Hmin = 5,50" observed comes very close to the

- solid height'lis of the spring.The impact mass leaves the spring again

at a rebound velocity v ' = 294 inch/sec.

The impact of the mass generates a step wave,which traverses the
spring at ev1dently constant surge velocity.However;while the acce~
leratlon of the front coils is rather sharp and almost instant-like,
the zcceleration of the later coils comprises a longer and longer
time interval,as the wave progresses.For this reason,it becomes
difficult to determine the surge time and surge time per coil accu-

rately.In readihg the surge time per coil,

T 160 millisecond/coil ,

1 =
‘the very first motion response of the previously resting coils
has been 7onsidered.The surge time T,however,was read in such a way,
that Yhe wave had reached a spring end with its full amplitude

rather than with its faint head only.It was found:
T = 11,85 milliseéonds.

Up to the time t = 2T,with only 2 waves superposing,the imposed
deflections per coil are absorbed without clashing between coils.
After t = 2T,howvever,due to.the superposition of 3 wave amplitudes,
the front coils start to clash and this clashing is propagated toward
the rear coils in a much shorter time interval than T.Notice the
almost vertical wave front of the wavehead after 2 superpositions.

After about 3 transitions .f the wave,in spite of the high impact
velocity and steep wavehead,the wavehead cunnot be discerned anymore.
The coils now share rather equally in the overall deflection imposed i
on the spring,which is o most desirable feature.This quick equali- ;:
zation of the deflection over all the coils is much more pronounced {
than in a single wire spring and is evidently caused by high inherent ;
demping. i;
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3. Discussion of Th-record 70-725.(high with prelcad)

Operating conditions:
Here the test spring was precompressed,to a height H1 = 13.0",

The pitch h1 of the precompressed coils had been ‘mcasured prior to
recording and the magnification q = ,387x was confirmed by this
measurement.The impact velocity -of the mass is found from the record:

v, = 465  inch/sec .

Response of spring:

Again;the test spring fails to decélerate the impact mass sub-
stantially and reaches again a minimum height of 5.5",close to solid
height. The front coils are somewhat hidden by the precompressing
meens ].The surge time T to the rear end of spring is measured to be

T = 12,0 @ms
and the surge time per coil is found to be T, = .155 ms/coil,
After ¢+ = Tywith the start of 2 v;ave amplitudes being superposed to
the precompression,the rear coils clash and the reflection of the wave
to the front end of spring takes only about half the surge time T,
due to the continuous clashing of coils,.This must be considered a
rather severe case of impact loading.Nevertheless,during the expansion
phase of the spring,the originally very pronounced wave head can no
longer be distinguished and the coils share rather equally in the
total deflection.

4. Discussion of TD-rocord 70-728 (low without preload).
Operating conditions:
Here the impact velocity of the muss has been greatly reduced to

v, = 317 inch/sec .

Response of spring:
Here the spring is more efficient in decelerating the slower mass
and does not come quite so close to solid heights
Hmin 5.95 inches .
The surge times are found ito be about the same as with the higher

velocity level: T = 12.05 ms

and Ty = 160 ms/coil
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When the surge wave reaches thi frond end of spring agsirp
t = 2T,the superposition of 3 weves ‘s fully absorbsd »y the sp.ing,
without clashing of coils,After t = 3T,3he vear coils appest %a
become solidywith very minor clashing.The wavehead csu be distinguished
up to t = 4T,though quite feintly only.

5. Discussion of TD-record 70-730 (low with preload).

Here the spring is again preloaded to a height of abeut 13% and
is struck by the impact mass al a velocity
Vo = 322  inpch/sec .

Response of spring:

The spring reaches & minimum height Hmin = 6.,15",above solid height.
Up tc + = 2T,i.e. 2 wave superpositions,the coils do not clash and
the wavehead evidently moves at constant velocity along the spring
wire,After t+ = 2T,when the wavchead reaches again the front end of
spring,3 waves superpose to the initial deflection f1 due to preload
and this deflection cannot be absorbed anymore within the available
clearance between coils.Rether,the front coils clash violontly and
this. clashing is propagated toward the rear end of spring at much
greater speed than within the first 2T sec.Notice the almost vertical
front of the wavehead after t = 2T.However,after t = 3T,the wavehead

cannot be discerned anymore.
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@, 3=strand SPIV drive spring:
‘Discussion of PD~records on sudden release of sp;iqg.

1. Review of TD-records delivered.
A total of 6 TD-records ‘was taken and delivered as follows:

Operating condition Nos of record No. of record

Preload Support of rear ernd iq repert. in gecon/ set
nigh vearward only . 70-734% 733%
medium rearward only T35% T36*
medium both ways (fastened) 738% T37*

The asterisk * denotes that these records were recorded on film
rather than on paper.Therefore,no explanatory lines are shown in
the prints,since they are not feasible on the film,

2. Discussion of TD-record 70-734%*,(high)

Operating conditions:

Here the spring was precompressed to a height H2 = T inchesji.e.,
not far from the solid leight H_ of about 5.5".The pitch of the 60
middleé ¢oils was measured on the spring to be L .= 15.64",

or a pitch h2 = ,094 inch.

This establishes the displacement magnification q = 395x.
Response of spring:

‘Upon the sudden release of the front end of spring,the latter
expands with a practically consiant velocity,which is measured to be:

v, = 832  inch/sec o

Coil after coil follows in the relesse and the rear -end of spring

lifts off its rear one-way support after a time

T, = 12.2 ms .
BX theory,this separation time T 6 is equal to the surge time 2.
The rear end also reaches a maximum expansisin velocity of about
850 inch/sec,but its velocity oscillates slightly about a mean
value of roughly 830 inch/sec.Again,tie originally step wave head
broadens to a moroc and more wider and lesser slope,us seen ir the
rec)ric.Thissmoothening of the wavehead also accounts for the disturbe-
ance superposed to the expansion pattern of the spring coils at
constant velocity,
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3., Discussion of TD-record 70-725* (medium).
Here the spring is precompressed to a height of about .2 inches.

More accurately,the 60 middle coils have an average pitch at pre-

compression h. = .161  inch/coil

2
Response of spring:

The front expands suddenly with a rather constant velcéity

v, = 416 inch/sec .

The release is propagated through the spring evidently at constant
velocity and the réar end of spring lifts off ifts support aftsr

Ts = 12,4 ms .,

4. Discussion of D-iecord.70-738% (medium,rear e:.¢ fixed).

ﬁyreuthe rear end of sﬁring fé festened to the inner guide rod,
rendering about one coil inactive.The spring then was précompressed
t4 about the same height of 12 inches,
Response of spring:
v The front end of spring peéerforms a dontinuous vibration,extending
at constant vélocity over 2 surge times and then compressing ovér
2 surge timesjetc.,The entire -spring performs a vibration with, the

period 4T = 48.8 nms

indicuting a surge time. T = 12,2 s .

At multiples of the surge time after spring release,the spring coils
have the same potentinl and also the same velocity,in the following
pattern: '

Instant of time Velocity Pétential

t = 0 . ‘ 0 — in compression
t = 7 in extension 0

t = 27 ‘ 0 in extension

t = 3T in 2ompression 0

t = 47T o - in compression

and this cycle repeats itself,with somewhat decreasing amplitude,

24
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. H, JI-wire SPIW drive spring:
Discussion of TD=records on impact loading.
1.. Review of TD<records taken.
Timé;dfsplgcemeﬁt necords on the 7-wire SPIW spring are numbered
from 70-T41 to 70-760,.The records on impact loading number from
741 to 750 as follows:

Operating conditions. ' No. of record no. of record
Iﬁpuct velocity Precompression 4in report ‘ in second set
" high " none Ta4 743

high yes 746 745

low none 748 747

low- yes 749 750

All thése records -on, photorecording paper,

Note ¢ It was found rather difficult to obtain strong enough traces

! over the entire length of apring,especially for the end coils.

{ This is chiefly due to :the configuration of the strand:The indi-
Fc © L vidual wires are rather thin and also give a favorable light

i reflection over a small longitudinal section only.Therefore;.

' a Stranded wire spring must. be expected to give pearer ID~txraces
E : than a single wire spring of the ssme size.

This deficiency has led to have some of the records recorded

‘on very fast film rather than paper,e.g.,all the records on
sudden release of spring and also some on impact loading.

TR e

N

2. Djscussién of TD-record 70-744 (high,no preload).
Operating conditions:

Here the spring had elready set %o & free height Hy = 13.80"
{from 14.26") ,due to extensive preliminary testing.The free pitch
f hf of the 50 middle coils had been réduced to «231",from ,238",
. As with the 3.-strand SPIW drive sprivg,an impact mass of 1,15 lbs was f
; used and the additional rubber stop was contacted by the mass at tiie

€]
R e R

same height H = 7",The impact velocity was measured to be i

A\ = 480 inch/sec N ;
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Response. of spring:

The gpfing is being compressed to Hmim
-80lid height of about 5.2".The main:deceleration is provided by the
additional rubber buffer,between the heights H = 7" and 5,6",

The acceleration of the spring coils,which is instant-like for the
front coil,spreads over a longer time interval,as the transition of

= 5,6",i.e.,close to the

wave progresses.The time Th is defined as the transition time of the

‘head of the vave,as far as i% can be discerned in the record:

Eﬁ = 9,0 ms .
Likewise,the surge time per coil,T1,is determined using the head of
the wvave: T, = 158 ms/coil.
On the other hand,the surge time T is measured to the point where
the wiive has reached a spring end with its full aqplitude and therefore
is found to be somewhat larger than Th:
T = 9460 ms .
Therefore,due to the smoothening wavehead in transitioh,there are

different interpretations of the surge time of the wave.
The front coils clash afiter t = 2T,when 3 waves superpose,
3. Discussion.of TD-record 70-746 (high,with preload).

Here the spring is precompressed at a heightrH1 = 11" (from 13.8") 3
and is struck by the impact mass at a velocity P 485" /s.

Responge of spring:

Agein,the spring is being compressed to Hhin = 5.6",close to:
its solid height,with the rubber buffer doing the essential stopping
of the iiipact mass,

During the first transition of wave,from the front to the rear,
a surge time T = 9,0 ms is measured.

The head of the wave (only faintly discernible),hovevet,travels
somevhat faster,requiring a transition time

Th # T.5 ms only,
Likewise,the surge time per coil T1 (based on the progression of the
wavehead) is found to te quite less than with the free spring:

T, = .139 ms/coil .
Therefore,it appears that the preload promotes the smoothening out
of the wavehead and raises its surgevelocity.

After t = T,the rear coils start to clash.Evidently,the super-
position of 2 waves to the preload exceeds the clearance betweea coils,
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4, Discussion of TD-record 70-748 (low,no preload).
Here the spring is struck by the impact mass at its free height

Hy = 13.8" with a velocity v, = 315 inch/sec.
Regponse of spring:
The spring reaches a minimum height Hoin = 6" ’

in the range of the additional rubber buffer,which stil) performs
the major work in stopping the impact mass.

From the first transition of wave,the fodlowing surge times were
read: T == 9,88 ms 3

_ '1‘f1 = o163 ms/coil .

Up 'to the time t = 3T,the wave progresses through the spring without
the clashing of coils and the surge times for the first,second and third
passage through the spring are practically the same.After t = 3T,
‘the rear coils show mi&qr cﬁ&shing;thefafore,the superposition of
4 waves cannot be absorbed #anymore by the original cleziance between
coils.However,all coils share rather equally in the total deflection
of spring and no. ds2inite wavehead can be found after t = 3T,

5. Discussion of ID-record 70-749 ‘(low,with preload).
‘Here the spring i. agein preloaded to a height Hy = 14" (frem 13.8")
and is struck by the impact mass of 1,15 1bs at a velocity

vo = 335 "/s .

Response .of spring:

Here the end coils are partly hidden;due to some change in the
position of the illuminating lamp,for stronger traces of the more
important front coils,

The following surge times are read from the first transition:
T== 9.4 ms ;
T, = 4143 ms/coil
hese times appear to be slightly shorter than without preload of
Spring (TDR 70-74% above).
The second transition of wavehead takes about the same time T,
without clashing of coils.Howeverjafter t = 2T,the front coils come
close to clashiﬁgoBut no waveheud can be discerned after t = 2T,
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I, J-wire SPIW drive spriqg:
Discussion :of TD-recorde on sudden release of spring.

.

1e¢ Review of TD-records_.taken.

A total of 6 TD-rgcords was taken and delivered as follows:

Operating conditions No, of record No, of record

" Preload Support of rear end in report in second set
high  rearward only T0-751% 753%
‘medium rearvard only T55% T56%
medium fixed beth ways T59% T60%

All records taken: an fast film.Thereforé,no explanatory lines could
be drawn on the original.

2. Discussion of TD-geéordeO-Z§1* (high,one~way support),
Operating conditions:

- These tests were taken before the impact tests,with the spring
3till at its original free height, Hf = 14,26" ,

- From the 50 middle coils,the average piteh at free heighkt wis measured
to be: hf = ,238"
The spring was then precompressed to a height H1 = 6,5",i,e.,an average
pitch of the 50 middle coils h2 = L107"
This makes for a deflection per coil £, = J31" .
Notice the higher film speed  p = 392 "/s ,

‘Response of springs

Upon the sudden release of the front end of spring,the latter
expands at a constant velocity

vo = 811 "/s .
Coil after coil follows in the release and the rear end of apring
3 j 1ifts off from its one-way support at a time
: Ts = 9.9 ms

after release,vhich theoretically equals the surge time T,
The head of the release wave (extension wuve),however,traverses
. somewhat faster through the spring,requiring only a time
X Th = 7.8 ms ,

: . (Notice third coil from rear).
N

28




-

T R T

=L e ISR R S R T .

ﬂmm”wm’

R T S N A A UV - B e = Tl

“ 14 - MM - TR - 7008-1

3, Discussion of TD-record 70=-755* (medium,one-way support).

~Her; the spring is ér;éompreésed to a height Hz = 10",or,more accu-
rately,to an average pitch hy = 167",
This means a deflection -per coil *f2; = ,238 - ,167 = ,071" ,

‘Response .of spring:

Here the camera shutter closed rather early;but still the most
important time phase including the lift-off of the spring from the
rear support was .covered.

Extension velocity of front end of springe

v, = 432 inch/sec .

Separation time of rear erd from support:
Ts = T = 10:2 ms .,

Propagation time of wavehead through spring (see third coil from rear):
Th = 9.0 ms .

Here the two times Ts and Th are relatively closer together thun with

the previous case of spring release from high preload.

4, Qiggg§§ion of TD-record 70-759* (mediui,rear end fixed).

Here the rear end of springnwas fastened tn the inner guide rod,
rendering about one coil inactive.The spring was precompressed to
an initial height H2 of about 10" ,

Regponse of spring:

The entire spring performs a periodic vibration with the period
4T = 40.8 ms ,
or a surge time T = 10,2 ms ., -

The spring coils undergo alternating phases of /////’/
no stress sy Vvelooity in extension )
extension stress 9 velocity O et
no stress y velocity in compression
compression stress ’ velocity O y etCo.

The front end of spring extends and compresses at constant velocity,
with its TD~trace being of saw<tooth shape.This is definitely not

a harmonic or sinusoidal vibration of spring,but a special mode in-
cluding many higher harmonics (see Fourier series).
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Je J-strand M85 drive spring : .
Discussior of TD-records on impact loading.
1. Review of TD-reccrds taken.

Gl LA

% Time-displacement records on the 3-wire M85 drive spring are
numbered from 70-T61 to 70-780ywith the following records being
1 delivered:
i . Operating conditioris No, of record No., of record
; ; Impact velocity Precompression in report in second set
a high. ‘none - T64% 763
: high yes: T67T* 766
. low none 769 768
F low. yes T72% 770
- Note : 4 record number with * denotes a record on fila rather than
é on photo-recording paper.
i -
; 2. DPiscussion of TD-record 70-764* (high,no preload).
§ - With aﬁ‘imphct velocity
L Vv, = 473 inch/sec ,
' the spring reaches a minimum height Hmin = T7.45",which is only 0,30"

less than the height at buffer contact.Considering the highly non-
linear force=déflection characteristics of the additional rubber

S e e ety e

_ butfer,it can be said that the impact is being stopped practically
E ; by the spring alone.

The surge time is measured to be T = 7.95  ms.
The coils of the spring come very close to clashing aftér t = 3T
and t = 4T (4 single surge waves superposed).

It should bs stated here that this spring is coiled very stoeply,
having an uncorrected solid stress .of more than 185, 000 psi,or a
velocity potentiul in excess of

% u, = 120 ft/sec or 1440 inch/sec
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3. Discussion of TD-record 70-767* (high,with prelcad).
1n spite of the preload the spring is found to stop the impact®

of the mass practically on its own;without. the help o2 the additional
buffex (Hmin = T.7" near Buffer contact).

The spring coils come .close to s0lid after t = 2T and contact each
other after t = 3T (see rear coils).The ,wvavehead is visible over a
time phase up to t = 3,5.T.From there onyall the coils share about
equally in the total deflection of the spring.

The surge time is read to be T = T7:9 ms,

4, Discussion of TDurecord 70-7Q3.(low no preload).
With the lower impact velocity

£ = 382  inch/sec ;
the spring is effective to stop the impact of the mass at a minimum
height Hmig = 9,35" , ,
ice.yabout 2" above solid height.

The coils do not clash and the wavehead is visible up to t = 47T,
The surge time is measured to be

T =’ :(. 80 ‘ms .

5, Discussion of TD-record 70-772* (low,with preload).
Wlth an impact velocity

v, = 420 inch/sec ; plus preload,
the impact of the mass is stopped at a height
- n
Hoin 9.2

about 2" above :s0lid he¢ight.
With preload,the wavehead disappears somevwhat sooner,after t = 3T,
Also,the surge time
T = 7,7 ms
is measured to be somevhat shorter than without preload.

Note ¢ It should be understood,that the impuct velocity v_ of the mass
could not be evaluated +to highest accuracy standards,due to
the shortness of the available trace.Also,the recording edge
of the mass is in a different optical plane than the coils,
Therefore,the actual impact velocity may be 1 o 2 % less
than given,
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K. J=-strand M85 drive spring:
‘Discussion of ‘TD-records: on impact loading.
1. Review.of TD-records taken.

The TD-records on impect loading are numbered from 7Q-781 to
70-792,with the following records being delivered:

Operating conditions: No, of record No,of record
Impact velocity Precompression Buffer in report ~ in second get
high \v,ﬂbne noﬂé 782 ‘ 781
high none yes 783% ——
hign yes yes 786* 785
low Jnone yes 787 788
low yes yes 790 791

2. Discussion of TD-record 70-782 (no preload,no buffer).

In this recording as well as in a few previous loadings,the impact
mass failed to -engage the buffer;so that the spring had to abscrb the

energy of impact alone,As a result,the spring took a substantial set f

from its original free height Qf = 18,25".Prior to this recording, 1

the spring had a free height H, = 17.25", ]
With ar impact velocity of v, = 490  inch/sec,

the spring is being criushed solid to

Hmin 5.,4"
which is somewhat less than the static solid height of about 6",
Notice: the minor reduction of comprescion velociiy over the spring
stroke.Only in the last 1/2 inch of spring stroke near solid height,
the essential deceleratioit of the impact.imass takes place.In other ree
cordings with buffer engaged,the deceleration phase extends over more
than 1 inch,

After t = 2T ,when 3 amplitudes of surge wave superpose,the front
coils start to clash.Notice the much greater velocity of propagation
of the wave head from then on,which is about 3 times the normal pro-
pagation velocity;with clearance between coils.

The surge time through the spring was measured to be

T = 10,8 ms.

.. Lv
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3. Dégcussion of TD-rccord 70-783* (high,.u preload,but with buffer).
Hore the free height had been further reduced uy metiing,to 10,9",
With an impact velocity v, = 481 inch/sec
the spring comes down to Hpgn = 01" ’
which is about the solid height of the spring in stutic testing.

The muin deceleration of the impuct muss is performed by the uddi-
tionnl buffer,which is compresscd over 1,65" stroke,from H = 7,75"
to "min = 6,1".Notice the more graudunl deccleration of the spring
end in this record ns comparecd to Tb-record 70-782 without buffer,

Again,the coils start to clash after t = 2T, when the amplitudes
of ) waves superpose,

The surgoe timo per coil of the wave hecad (first transition)
vng measured to be

T, = .25 ms/coil ’

i,0,,nbout the same as in TD-recsrd 70=-782,

Tho cntire surge time through the spring is fonnd to be:

T = 11.7 ms,
4, Discussion ol TD-record 70-786* (high,with preload).
Hore the spring was precompressed from a frece hoight Hf = 16,90"
to an initial height ll1 = 14,5" .

¥ith an impact velocity v, = 474 inch/sec
tho spring coils at the rear end go practicolly into contuct after
t = T,but without clashing.The time for the sccond trunsition of the
wave head is slightiy less than the time for the first transition,
indicating coil contact here and there.

The wavehead returns to the front end of spring near the end of
the compression stooke and then the front coils clush,us indicated by
the much steeper wave front,which is visible up to ubout t = 2,5.T.
Againythe spring reeches prastically solid height,with “min = 6.05",

During the first transition,the surge time per coil of the wave
head is measured to be T, = ,209 ms/coil ,

h 4

This value is distinctly less than for the records without preload .
The surge time for the entire spring is measured to be:
T m 10,8 ms *

Qost Avaiictle Gopy
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5, Discussion of Td-record 70-787 (low,no prelcad).

Here the impact velocity was reduced to

Vo = 396 inch/sec.

With H . = 6,40" ,the spring doe¢s not quite reach solid height.
Here the wavehead returns to the front end of spring prior to buffer
contacty,vhen the compression velocity is still substantial JAfter
t = 2T,some of the coils clash slightly during the third transition
of surge wave,as indicated by the shorter trunsit time.The wave head

is visible up to t = 4T.

During the first transition,the surge time per -coil is found te he:
T, = 248 ms/coil .
The entire surge time through the spring is measured to be:

T = 11.1 ms.

6, Discussion of TD-record 70-790 (low,with preload).

Here the spring was precompressed to H, = 14.5"
from a free height Hf = 16,9" .

With an impact velocity of 415 inch/sec,the spring reaches a
height Hmin =  6,40" sslightly above solid,
After t = 2T,the front coils clash;as indicated by the much steeper

wave front,The wavehead is visible up to t = 3T~ ,
During the first transition,the surge time per coil of the wave
head is T, = .22 ms/coil ,
which is again less than the corresponding value under no preload.
The entire surge time was measured to be ¢
T = 10.5 ms,

- v
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L., J=strand M85 drive spring:
Discussion of TD-records on sudden release of gpring.

1. Review of TD-records taken.

A total of 6 TD-records was taken and delivered as follows:

Operating conditions: No.of record Nos0f record
v3load Support of rear ond in report in second set

high rearwérd only 793% 794%

medium rearward only 795% 796%

medium fixed both ways T97* 798%

All TD-records on fast film.

2. Discussion of ID-record 70-793*.
Here the spring was precompressed to an initial height

H2 = 9 inches y
as compared te- a solid height of 6.2".More accurately,the level of

precompression is medsured by the pitch of the coils,which was found

to be h, = (202" over 40 coils,

Here the spring had still the original free length H, = 18,26",0r i

f
h, = 398" per coil "

since these sudden release tests were conducted prior to the impact !
lsading tests.This means an initial deflection per coil

£, = o398 - ,202 = 196" b

The front end of spring (released end) is found to ex*end

at a constant velocity

v, = T9% inch/sec,

The rear end lifts from its one~way support at a time

t = Ts = 11,55 ms

after the sudden release of the front end and then also assumes a
constant extension velocity wf same amount Voo

SR

The spring then bounces out betwecen two stops.The superposed dise
turbance originating from the rosr end at time t = T is due to the
wave head flattening out from its original step-form°

33
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3. Discussion of TD-record 70~795%.
Here the spring wes released from an approximute height
H, = 12 inches ,

2
More accurately;the level of preload wuzs measured by the pitch of the
precompressed coils: h2 = (266" over 40 coils,

With a pitch at free height hf:x «398",the deflection per coil in

the precompressed state then follows to be:

£, = o398 - 266 = (132 "/coil.

The extension behavior of the spring is the same as when released

from a higher preload.lHere a constant extension velocity

v, = 543 inch/sec

was measured,
The separation time Ts-of the rear end was found t¢ bhe:

TS = 11.2 ns .

4, Discussion of TD-record 70-797*.

Here the first and second end coil (this spring has open ends)

vere clamped to the guide rod,;so the number of active coils was reduced
by at least ore coil to about 44 coils.
Here the pitch in the precompressed state was

h, = 263 "/coil over 40 coils P

ice.yan initial deflection £, = 135"
The free cnd of spring is found to extend with a constant velocity
v, = 562 inch/sec .

The spring performs a poriodic vibration with the period

4T = 49 ms,
or T = 11.25 ms ,
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M. J=strand 20 mm gun drive spring:
Discussion of Tﬁ»recordg on impact loading.
1. Review of TD-records taken.

These TD-records on impact loading are numbered from 70-T01
to 70-720,with the following records being delivered:

e s s by
PR R N

[P

? Operating conditions: No,of record No.of record (
‘:% Impact ‘relocity  precompression in report ’in second set '

i nigh none 709% 710%

i high yes T12% Ti1%

. low none T14% T13%

) low yes TI7T* T16%*

: low yes 715% i

i IDR 70-715* is an odd record,where the precompressing means of spring
) was released slightly prior to the actual impact of the mass.
1 | Note : All the records delivered were taken at rather low magnification
’ g = +229x , or 114,37 roeduction,
in order to accomodate the entire length of spring (Hf = 29,3")
v within the film width of 8".Therefore,fuyt film hud to be used
i instead of conventional photo-recording puper..

; 2. Discussion of TD-record 70-709*(high,no preload).
' With a heavier impuct mass -of 3,25 lbs and an impact velocity
v, = 535 inch/sec ;

Ehaianbade § Al a i

o
the spring reaches a minimum height
3 n
Hmin . 11 06

as compajted to a -solid height/of about 8,5".Therefore,this strong

spring is capable of stopping the impact mass of its own und no addi-
tional buffer was installed,

¥hen the wave heud rcaches again the front end of spring at time
t = 2T ,the compression velocity is already much reduced and the third
wave amplitude superposed is much less than that of the wave head.
The coils come close to solid,but do not clash,us indicuted by the
third transit time being of normal length,After t = 3T,however, the

rear coils clashyas shown by the much steeper wave front.The wave head
is visible up to t = 4T,

it NI~ Uit o Sk~ et L) =
W Qg e o vt ARG o o A S Fat 3 S

e, 5 Ao K Nt mt & 7

. During the irst transition,the surge time per coil of the wavehoad
was found to be T, = 455 ms/coil |,
with the entire surge time T = 17.6 ms, %
.'d ﬁ s cr i . . S . 37 — b, &
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3. Discussion of TD-record 70-712% (high,with preload).

Here: the spring is prelouded to a height”H1 = 24,1",as compared to
its freé height Hy = 29.1" (5" défloection).

¥With an impact velocity v, = 554 inch/sec¢ ,
the spring reaches. a height Hin = 11.3 inches o
A few rear coils clash already after t = T und the front coils clash
after v = 2T,when 3 wave amplitudes superpose to the preload.The wave
head is visible up to t = 3T,

The surge time is measured to be: T = 17,5 ms .

4, Discussion of TD-re ord 70-714* (lowsno preload).
Here the'impact velocity has béen reélduced to
v, = 402  inch/sec.
Here thé spring is found to stop the impact.mass at a minimum -height
Hmin v .
wvhich is way above its solid height of about 8,5 inches.
The coils never clash during their response to impact and the wavehead

= 1603 inc}ies ]

is visible up to t = 3T,
Thé surge time is measured to be T = 18,1 ms,

5. Discussion of TD-record 70-717* (low,with preload).
‘Here the spring has been precompressed to a height
i,
i,e.ya considerable initial deflection F1 = 8.7" from its free height
of 29,1".
With an impact velocity v, = 408 inch/sec,
= 1443 inchés.

= 20:4 inches ,

the spring reaches a minimum height Ho.n
The wavehead reaches the front end of spring at time t = 2T,when
the compression velocity is about O,No clashing of coils occurs and
the wavehead is not visible after t = 2T,

The surge time is read to be T = 16,9 ms
i,e0pdistinctly less than in record 70-714% without preload.
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N. Attenuation of single surge wave in stranded wire spring.

The impact of a'mass on a spring generates a single surge wave

with an infinitely steep wavehead.Both the velocity v a, the petential
u of the end coils jump suddenly from O to a certain va"e A

Diagram 4 on page Y8 of Appendix Y illustrates the selocity
distribution v(x,t) over the length L of the spring at various
instants of time t =0 , T/4 , T/2 , 3/4.T , und t = T.The poiential
distribution u(x,t) is similar.This diagram illustrates in a general

-manney the change of the wave shape during the first transition

through the spring,as ehown by all ‘the impact records taken.This first
transition of the impuct wave through the spring is best suited to

btudy the basic atténuation behavier,since the wave propagation is
not disturbed or camouflaged by wave superpositions as yet. ‘

At time t = O,the wavehead is entering the spring with a vertical
stepsus indic¢ated by the dotted line v(x,0).

At time t = T/4,the peak of the wave has reached the quarter point
x = L/4;,while the wavehead is already at x = ¢275«L and the step
has changed into a sicep slopc.The spring coils within this slope
are still being accelerated.

At time {1 = T/Z,the wave peak has reached the half point x = L/2,
The head of the wave is at x = ,55,L,the slope of the wavehead has
decreased and the wavehead comprises now more coils still being
under aeceleration, N

As the vave progresses further,the wave head comprising all the
coils still under acceleration gets longer and longer;as the distri-
dutions at t = «75.T and T show,The beginning of the wawehead has

a shorter surge time than the wave peak,e.g.,in Diugranllﬂ :
\ - f
I, = 91 .1 .

Thereforcywe must cleurly distinguish between the surge time of
the wave peoak (T) and the surge time of the wavchead (T ) The same
aupplies to the surge times per coil T1 and T h.’lhe surge time per
coil T Ty listed on all the records and evaluuted therefrom is actually

~the suvge time of the wavehead,but the second subscript was omitted

for simpliciiy reasoans.,
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The smoeothening=cut of the wave front. during propagation is

typical for sll stranded vire springs.,This wehavior has already
abéen observed previously on single wire springs,but to a much lesser
depgrec It is caused by the damping inherent in the spring and is a
welcome featureysince it aids in distributing uneven impact loads
moé¥e and more evénly over the length. of spring;so thav all the coils
share about equally well in the total deflection of the spring.

Behuvior of wmirye waves after the first ttansition:

After the first transitiongseveral single surge waves superpose
in the spring.However,the wavehead is visible in the TD-recurds
over a length of time from 3T to 4T,Under preload,the waveheud
disappears faster,aft-r from 2,51 to 3T,

Por sing » vire springs it has been found previously,thuat the
wavehead is disearnible over 6 te 8 surge times Tydue to the lesser
damping inherent in these springs.

On the other hand,it might be mentioned here,that in highly demped
ring springs. the wavehead ecan only be distinguished up to about 1.,5,T,
Therefore,with respect to wave attenuation,stranded wire springs lie
somewhere in the middle betwecen single wire springs and ring springs.

Quantititive imecsurement of damping:

The wbove statcments wbout the attenuation .of surge waves in
stranded wire springs are lergely of a quulitative nature.ln order
to arrive at a quantitative criterion or indicator,stuadard tesis
should be defined for determining the degrece of dumpiugs
Eegoyfor é‘suddenly relecased spring with rear end fixed,the decay
of the amplitudes in compression wnd extension could be measured
and & damping constant could be derived therefrom.However,such
standard tests and methods are not established as yet,not cven foer
highly damping spring types as the ring spring.
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; 0, bomparlson of measured and. calculated su:ge tlmes T .

One of the major objectives of this study is to obtaln
realistic formulas for stranded wire springs and to establish the

difference in dynamac response as compared to 'single wire spriugs.
"Por the latier,a complete sect of formulas is available since 20 years

aund these formulas were well proven by many TD-recofdings under
o variety of operating conditions.

Culculutlon of. surge times T ¢
Tvblc 11 on puge Y2 of Appendix Y lists the surge times T .of the
5 tes& springs us talculeted undér two different assumptions:

al Assumpition A : The spring ruté R is the ulyebrare sum of the rates.
4 1 }
3 of the component single wire springs,

Assumprion B : The "initial spring rate" of the mcasured force-

deflection dingram P(£) [Linear portiun] has been used.,

: Accoyding 1o Tformuln (26),the surge time T increuses ing/properiien
3 . . ) Yinverse)
- to the square root of the spring rute R ANYELSs

- T =~ 1/V1?' .
!

) Therefore;it must be expected,thut the surge time T will decrease
with ifercesing levels of spring compression.

Measurod values of surve time T

Tuble III on page Y3 of Appendix ¥ lists the operating conditions
for 4v Tﬁ;récordings of iwpact louwding of the 5 test springs.These
data show the intensity of impuct in terms of the initial deflection
B per coil, f, ,and impact velocity A
The messured surge times from these 40 impact loadings as well
o as from 18 sudden release tests are compiled in Table IV on puge I4
of Appendix Y,

These measured data have ‘also been plotited in Chart T on puge Y5
of Appendix ¥,for best visual illustration of the results.This Chart
is well suited to Jdetermine the influence of varicus parametars,c.g,

level of impoct velocity ,. v,

’

§
prelo:d versus no preload ,

sudden release tesvs versus impact loading.,
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Influence of the impact velociﬁx‘level on_surye times
. It»apféars,&hat in .most cuses the surge time T is slightly

-greater with the lower impaci velocity than with the higher one,

‘However,this is not absolutely conclusive,sincé the differences are

quite small and also erratic,This uncertainty is quite plausible,
since the 2 levads of impacd velocity v, are not vastly different
(see Table III for operating conditions).Recordings. at rather diffe-
rent velocity levelsysay 100 5 300 , aund 500 inch/sec are believed
{0 shed mere light on the influence of v, on the surge time T,

gflgggce £~$he preload versus no preload:

Chart I shows clearly,tbat the surge times T decrease with

increasing preload and compression level.Thése results confirm .
formula (2‘b ¢ With increusing preload,;the average spring rate also
increases due to the progressive,non~linear force=defleciion cha-
racteristics;and a shorter surge time T must be e.pected:

8udden rélease tosts veréus impact loadings:

With the 3 springs tested,the surge time T in sudden release
vas always found to be « few percent higher than in impact loading.
This result iy also quite plausible:In extension,the direction of the
frictional forces 1§ reversed as compared to compression and a lower
force~defloction charaetoristics P(F),with a lower rate R',results.
According to formula (26),a longer surge time T is then to be expected.

Comparison of calculated .and meusured values of T:

In Chart 1,the T-value calculated under agsumption A is indicated
by w dotecd line and the T-value resulting from agsumption B by a
solid line, .

‘The T-values (A) agree well vith the meusured values for the two
3=vire strahd springs,but are subsbtantiully gréater than the measured
volues for the 3 7-wire stranu springs.

The T~values (B) agree fuirly well with the mecasured values for
all 5 springs.Only with the SPIW=7 and M85=7 springs,the measured
values with preloud lie still below the calculated values and suggest,

that a still higher spring rete than the initial rute should be used
for closer agrcement, .
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P. Compurison of meusured and culéulated extension velocities v
in_sudden releage tests.

Aguin,the objective is to establish a formula to predict. the
extensionvelocity v in sudden relecase from the given precompressioi,
for stranded wire springs in particular.

Measured valyes of extension velocity:

For 3 test sSprings,6 TD-records each were taken in sudden release
of spring,with 2 records for each operating condition.It was found,
that the extension velocities of these 2 records varied very little.
In Table V on page Y6 of Appendix Y,the average extension velocity
Vo eValuétcd from these 2 records is listed.The range is

from 410 10 831 inch/sec .
Furthermore,the initial deflection per coil, f, ; of the precompressed
springs is also given in Table V.

Cplculated values of extension. velocities:
ﬂere the formula

v, = 1'2/'1‘1 (282)

was used.’l‘.l depends on the spring ratle R.Agu{n,ussumptious A and B
are made and the T1—vulues obtainged under these assumptions are also
listed in Table V (top).Finally the v, = values obtained from aboéve
formula ¥28a) are given in Table V,

Comparison of measured and calculated values.

In Table V,the ratios of measured ‘to calculated velocity are also
listed.Furthermore,for best wvisual idlustration,the v,~values have
been plotted in CQgrt'II on page Y7 of the Appendix Y,

With the 3-wire strand SPIW spring,the measured velocity Yo is
about 5% less than the valae calculated by c¢ither method,A or B.

¥ith the two waire strand springs,only the method B gives good
agreement:lHere the heusured value v, is 4.3% undxloJ% higher than
the value calculated under assumption B,This latter result is quite
plausible:Due to the progressive charscteristics P(F),the precompressed

spring contains actunlly a higher potentiul energy than indicated by
the initial spring rate R,
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Q. Summury of mujor conclusions,

Te OrquIHatiuh of Finsl Report.
The text of ths report has been supplemented by data and illu~

strations in 3. Appendices: ‘

Appendix X gives busie spring data in the form of data sheets and
measured Force—deflection diagrams (given data).

Appendix Y gives the summary of both cauleulated und measured spring
respanse date in both tubulax and gruphical form, '

Appendix % contuins 30 samples of time~displucement records (alto~

S gethexr 60 records tuken uand evuluqbed) and because of

its volume is submitted in o separate cover:

2, Comments on spring ratoes.

Stranded wire springs arc found to ‘have a non=linear,progressive
force~defloction characteristics P(F),vs illustrated by the measured
P(F)~dicgrams 1 to 3 in Appendix X.

It appears proper to distinguish between 3 force~deflection rates
B = P/F:

u) The measured initial rate,ns defined by the linear initial portion

of ithe diwgram,over the first few inches of stroke,
b) The measured averuge rate for a certain stroke extending well into
the proyrressive portion of the diuyram,

¢) The ecalculited rate,culculuted under the simplifying assumption,,
that the total rate is the algebruic sum of the spring raves

of the single wires in the straud,

From a comparison of these rates it was found,that even the
measured initiul rate is always higher than the calculeted rate,
showing an increase of a few percent for 2 J-strand spring. and
increases up to 20% for u T~strand bpllnbowlbh lurge deflections
close to solil height,the meusured averuge rate is increased by
still larger percentages.

3. Basic vechavior of surpe waves,

In gener.lystranded wire springs were found to respond to dynamic
louding (impact loading or sudden release) in the same fashion as
single wire springs.The surge waves pgenerated travol through the
spring at « constunt surge velocity und also superposc in the same

manner as known from sinyle wire springs.However,there are also
morked differencesyas the next paragraphs will show,
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§ , 4, Influence of the deflection or preload on the surge velocity.
; S , —— - - L

In single wire springs with linecar spring rate,the surge velo~
city ¢ was found fo be the same for all levels of spring compression,
In the stranded wire springs tested,however,tho-surge velocity was
fcand to rise slightly with higher louds and deflections.This result
is quite plausiﬁle'from the theorctical viewpoint : The theory
predicts that the surge velocity increases in proportion to the

square root of the spring rate R,
[ I

g e e T VY
o .

——

5« Sugothening of the waveheud.,

Is u stranded ‘wire spring,the initially infinitely steep slope
of u .single surge vwave gencrated by impact will decrexse in transie
tion and will sprewd ower seversl coils by. the iime the wavehead
reaches the recar end of spring.This response is due 6 the meachanicul
and frietion ¢oupling between ‘the wires of the strand and is much more
pronounced than in single wire springs,

e,
. T e i SRS e S AR %

Due to this behavior;the surge time of the wavehead (first
response) is shorter than the surge time of the .ave peoalk (where
i the wuve huas reacned its full amplitude).Therefore,it becomes
: necessary to distinguish 'between these two surge times,

6. Disoppearance.of the wavehead,

In the TD=records on impucv loading,the wavehead is visible over
; a time poriod of from 2T  to 3.5.7
‘ after initiation.This time period is much. shorter than with single
| ; wire springs of compurable lenyth and surpe time,where the wavohead
; is diseernible up to 6T or 8T after initiation.
1 This behuvior is caused by the pronounced smoothening of the
wavehead during tronsition due to hogher inherent damping.This

response must be consxdcred favorable and desirable,siénce it aids
E e ! —
3 in making all the coils to share wbout _equally in the total deflection
] oY the spring.The peak stress is thus kept as low as possible,

resulting in longer spring life,

AT -
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T. FPormuls for surge. time and surge velogity.

In the,s;rge time formulas (11) and (12) for single wireé springs,
the wire diameter d and the mecan ceil diameter D enter as the major
independent varisbles,

Por stranded wiXe springs,it has been found more practical to use
e 1éss explicit form,beecnuse of the morc complex configuration,

In formula (26);the wctive weight W of the spring and its rate R
enter as independent variables,rajer than d and D.Here the question
arisesywhich one of the 3 spring . tes listed in Paragraph Q2 above
should be used in order to arrive at realistic values for the surge
bime T o

This question was decided by the comparison of meusured surge
times (from the TD=rccords) with calculaved surge bimes (using dif-
ferent wvalues for B .1t was found that the measured initinl rate
gives rather good cgrecment between measured and calculated surgo
times T,There is Some indicutiongthul sometimes a still higher

vulue of R (toward the wwasured sverage rate) would improve the
agréemint.Sce Chart I in Appendix Y.

8y Formla for the extension velocity ia sudden release.

According to foxmula (28) and (28u),ihe oxtension velocity v

is “iFectly proporiional to the precompressicn as expressed by the initial

deflection per coil, f2 gand inversely proportional to the surge
time per coil, T1 «Again the question warises,by which spring rate R
this surge time per coil T1 should be caleulated.And again it is
found,that fair agreement between measured and calevlated volues of
vo_is ocbtained by using the mcasured iniiul‘§g3§ng rote R.A higher

spring rate towaru ‘lhe meusured averase rate would still improve this
agreement,

9. Pormula for induced loud or foice,

Here formula (.Y) upplies.Judging from the above results,again
the intial measured. spring rate R should be used for close results,
0f course,since no dynamic fereces were measured, there was no direct
comparison possible,However,when calculating the force from the
m?asured deflection in the records,fair agreement was reached agoin,
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Reprizduced from
best/ available copy.

10, Comments on the time~displacement records.
It was found more difficult to obtain good recordings on these

5 stranded wire springs than on single wire springs recorded pre=
viously,

On the one hand,vhe thinner wiresywhich also- lend a much shoriter
longth of wire suitable for light reflection,wust be expected to
give a less intense and poorer image point than the coil of a single
vire spring.

On ihe other hand,due to the great length of some of the springs,
the recordings had to be made at reduced scale,from aboui «25x to ,40xe
In certain casesyespecinlly with the 20 mm=7 spring snd also in
sudden releasc rccording,fust f£ilm was used instead of the slower
photo~rccording paper.

In gencral;the records obtained show many fine detuils and the
results evaluated from them confirmed the above drawn conclusions.
agair and again.These records contain a wealth of information and
may still be evaluoted further with othexr objectives in mind,

Specinl attention was given to compichensiwe and thorough reporting
of the operating conditions for each reccord,to make the evaluated
results most meaningful.,

Furthermore,the evaluations of times.velocities,etc.,wvere per-
formed as accurately as possible,in order to bring out the somctimes
small but. still definite differences in dynumic response to that

of single wire springs.
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R. Recommendations.

1. Influence of the compression level on surpe velocity.

This influence could be checked -out over the full compression
range by specially devised test recordings:
Only T=strand springs neecd be used,since they show the niost pro-
gressive P(F)-~diagram.Here the test spring would be precompressed
t0 various ratiuvs f /f = 05 025 5 450 5 .75 and thé'spring would
be given a ;;mxigg_ggggfggblon stroke by 1mpact,of less than 27
duration (to avoid more than 2 wave supcrpo>1t10ns) The impact velo-

W
city would be low,say about 120 inch/sec.These records would thea be

evalusted regarding surge time/coil of the wavehead and wave peako
The results would reveal the dependency of T and ¢ over the full
range of cpmpression level,

2o Quantitetive measurement of damping.

Speeinl tests are to be devised and recordjimngs made to establish
@ quantitative measurement of the damping inherent in a spring.
E.gvga very light impact mass (us light as the spring or lighter)

,would be used and both the impuct velocity and rebeund velocity

would be evaluaved in order vo determine the meachanical efficiency
rate 12 7 2 ]
7 =, /v, E (32.)

Or the percentage of actual dumping te eritical damping could be
\———w—

determived from o f;ec‘;IEF5¥TEET

3. Attenuution of wuves in other media,

In order to obtuin a full qualitative understanding of the atto-
nuztion process in a linecar medium and also to arrive at some simple
formulas for quantitative dumping,the propugation of impact waves
should wlso be recorded for other dpmping springs end materials,

such as a Poly~Urethane bar,a stacle of rubber discsya bar of hi~damp
siliconcgete,,

bt G/ Nacer
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Data siceet on 3-strand SPIW drive spring

Date sheet on

Dats sheet on 3-strand M285 drive spring

Data sheet on T=strand M85 urive spring

Diagram 2

Diagram 3
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APPENDIX X
Busic sprinyg detu. Page
X1
T=strand SPIW drive spring X2
Diagram 1 : Measured force-dcfleetion diagram P(E) X3
w1 SPIW drive springs.l= and T-straad ;
X4
X5 f
Measured force—~deflection diagram P(F) X6 3
on M85 drive springs,l~ and 7-strand
Data sheet on 7-strend 20 mm gun drive spring X7
Measured force~deflection dicgran P(F) X8
on 20 mm gun drive SPring,yT=c brund
5
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Basic data on SPIV drive spring,3~strand wire.

Drawing No. ¢ AAI,N0.97384,B53099-10096.
Material nusic wire
Vire size, d

! Strand diameter, d* (reference)

Outer diameter of coils, D/ (measured)

Inner diameter of coils, D. (measured)

b

- Mean coil diameter, D

Diameter of inner guide rod
: Index of coils, C = D/d

- Type of spring ends
Totel number of coils, Nt
Number of active coils, N,
Pree height of spring, Hf

EHf did not change during test program,ns setting]

[y

Length of 60 middle coils (60.hf) at £ree height Hf
Average pitch at free height, hf

Approximate solid height, Hs

% Force deflection rate, P/F , in 1bs/inch:

% Calculated from standard formula

’ Measured over the first 5" of stroke (also by drawing)

- X1 - MM -~ TR ~ 7008-1

0034
<073
o451
317
384
0200
11.3
closed
7645
74
17.14

13.86
0231
5.7

1,38

1.40

.
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Basic data on SPIW drive spring,cqiled from T-wire strand.
(]

f
‘:
|
i
|
E
!
$
!
i
i

Material music wire, QQ47Q
Number of outer wires ' 6

: Diemeter of outer wires, d ' +026

3 Diagmeter of core wire .029

; Diaméter of wire strand (reference) 0081+

‘ Outer diameter, D° » measured 442

f Inner .diame+er, D; ; measured «278

? Mean coil djameter; D +360

i Diameter #f inner guide rod in testing « 266

| _ Spring index of outer wires, C = D/d ‘ 13,85 i
Type of spring ends closed

o Total number of coils, Ny (after testing) 60.5
Number of active coils, Na 58

; Eree height H,,before and after testing 14,26 / 13.80

:. Length of 50 middle coils,before und after tésting 11.90 / 11,65

% Average pitch at free height, b, , 0238 / 0233

: Approximate solid height, H, 5.3
Porce-deflection rate, P/F ,in lbs/inch:

é Calculated from formula | 1.85
Measured over the first 5" of stroke 2,10

é
i
3
|
|
i
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Basic data on M85 drive spring,coiledfrom 3-wire strund.

No drawing of spring,sll dimensions measured.
Vire diameter; d

Strend diameter, d* ,(rcferencc)

Quter diametexr of cuilsy Do (average)

lnner diameter of coilsy Di

Mean cedl diameter, D

Dismeter of imner guide rod

Index of coils, C = D/d  (husky spring!)
Type of spring ends

Freoe height, Hf gbefore and after testing
Total number of coils (after testing), Ny
Number of uctive coils, N

<

Length of 40 middle coils

Average pitch at free height

Approximate solid height, HS
Force~deficction rate, P/F , in lbs/inch:
Calculated from formula

Measured over the first 5" of stroke

33

+560

©375

8,62

closed

18.30 / 18,20

44,5

42

10.34 / 16,76

421 / ,419

6.8

10.45
11,20

ke
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. Bagic dota on M85 drive spring,7-strund.

Spring drawing : Springficld Armory B 7791254
Material Spec MIL-W=13604 : FS 1085A
Number of outer wires 6.
Diameter of outer wiies, d ,038
Diumeter of core wire, d . . 041
Diameter of wire strand, d* igeférencc) 11T +
Outer diameter of coils, D (measured)after testing) «650
Inner diameter of coils, Dy (measured) 0410
Mean coil diameter, D «530Q
Diameter of inner guide rod e375

. Index of coils, C = D/d (outer wires) 13.95
Type of spring cnds plain
Total number of coils, N% (after testing) 45.4
Number of -uctive coils, N, 45
Free height, Hf sbefore and after recording tests 1826 / 16,90 1!

[Spring set considerably,purtly due to impnet compression to HSJ
Length of 40 middle coils at Hf,before and after tests 15.92/15,04
Average pitch at free height, hf «398/.376 :
Approximate solid height, Hs He2
Force-deflection rate, P/F ,in 1bs/iuch:

Calculated from formula (sum of single wire springs) 3.29

Measured over the iirst 3" of stroke 4.0
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Basic data on 20 drive spring,7<strund.

No spring drawing furnished,all data measured.

‘Number of outer wires 6
Diameter of outer wires, d 606?
Diumeter of core. wire (estimated) 072
Diameter of wire strand, d* , reference « 206
Outer diameter of coils, D, 1,205
Inner diameter of coils, D, 795
Mean coil diameter, D ( 1.,000
Diameter of inner guide rod used in testing 2 150.
. Index of coils, C = D/d (outer springs,rather slender) 14,93
Type of spring ends . closed,plain
) Total number of coils, Ny (after testing) 36,5
| Number of active coils, Na 34
i Free height before and after testing, Hf 2943
‘ Free height durinh testing (slight temporary set) 29,1
Length of 30 middle coils;before and during testing 24.65/24.5

Average pitch at free height, he , before and during test .822/,817

Approximate solid height, Ho 845
Porce~deflection rate,P/Fy,in 1bs/inch:

Culculaved from formula (sum of single wire springs) 6025

¥

Measured over the first 10" of stroke 7.50
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APPENDIX Y -

Additioqal Spring Data. :

Data evaluated from the TlD-records or calculated from Theory.

Table 1

Table II

Table III
Table IV
Chart I

Table V

Chart 1I

+ Diagram ¢

¢ Length of wire in coily L, ,for 5 test springs

¢ Numerical calculation of surge times dnd Surge veloecity
bused on two alternate assumptions

¢ Summary of operating conditions in impact loading tests

¢ Compuarison of surge timesy;measured and vwalculated

oo

Surge time T , measured vs calculated values

Sudden reclease tests:

Comparison of calculated and measured extension velocities

Extension welocity \A ymeéasured vs calculated

.

Attenuation of waveheed in first transition

38
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Igble I : Length of wire in coil, L, ,for 5 test springs.

MM - TR - T008~F

#)

This is relgtiVe 1

Spring | SPIW-3 SPIN-7 ‘M85-3 M85-7 20mmeT
Wire diameter,d |.034 .026 . 065 .038 067

. Mean coil dia,D <384 «360 560 «5330 1,00
Index, D/d 11.3 13,85 8,62 13,95 14,93
Circunt., D ’f:552§f> 1,130 1,757 1,662 3,142
Freé’pitch,hf 0231 238 421 .398 .822
1+ (n/TD)? / 1,037 - 1,044 1,057 1,057 1,068

| WJ1 + ()2 o % 1,018 1,022 1,028 1,028 1,034

ength of coil hciix\éepterline,compared to #.D.

Absolute length of

coil helix CL 1.225 1,155 1,807 171 3,25
No, o turns/coil |10 16 7 15.58 17
length of lay,b <367 v434 +T73 5662 1.15
Radius of sgirel,al .0195% 0275 0275 «0395 0695
circumfo)ZTfa 123 .170 0235 «248 o437
length tatio,h*/b | 1.054 1,076 1,045 1,068 1,07
Length L, of wire

in one ¢dil 1,290 1,242 1,89 1.823 3.48
length ratio L,/7D|1.070 1,10 1,075 1.097 1,108

2t “\ .
YA 4"
e, "y rl/TQ

Y .
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Table I1I Numcrical cglculation of surge times and syrge velocity,
based on 2 alternate/assnmgtxons,n calculatod or mespyred.

SPIW-3

Spring ‘SPIN-T M85-3 M85-7 20nm-7
Wire diameter, d . 054 2026 . 065 .038 <067
029 041 OTi
Area A = .785.d° .00091 400053  ,00332  .00114  ,00353
00066 ,00132 00396
Area A of strand .00273 .00384.  ,0100 .00816 .0251
Length of coil, L] 1,290 1.243 1.89 1.823 3.48
Voight of &oil, W, 00099 00135 00535 00421 .0247
Number of active coils| 74 58 42 o45 34
Active weight W = N.W | .073 .078. 225 +1695 .84
First assumption: (A)
Spring rate R calcul, | 1.38 1.85 10,45 3.29 6425
Rate per coil, R, 102 107.2 439 148 2125
Surge time/coil, Tyyms | 01585 181 178 0272 2550
Surge time T = N0T1 ,ma 11073 1005 7047 12023 1807
Surge veloc, ¢ = L,/T,| 8,140 6,870 10,620 6,700 6,330
Force t 4P/v -=R1;T1 201615 0194 .078 0402 17
Second assumptio::(ﬂ)‘
Initial rate measured | 1,40 2,10 11,20 4,00 7.50
Rate per coil, R1 10346 121.7 470 180 255
Surge time/coil, T1 0157 1695 0172 ¢ 246 501
Surge time T = N.T, 11.6 9,83 7.20 11406 17.05
Surge veloc. ¢ = L,/T, | 8,210 75340 11,000 7,400 6,940
Force: AP/v = R, T, 0163 +0206 - 0805 «0442 01275
Y

«
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Table III: Summary of operating conditions in impact loading tests.

i

(Number of TD-record,impact velocity v ,free pitch hy,and f1).

SPIW-3 SPIW=-7 M85-3 M85-7 20mm~7
W = 1,15 1bs W = 1,15 lbs V¥ = 2.15 1bs V¥ = 2,15 lbs VW = 3.25 1bs

CT22 475 743 485 763 480 782 490 709%R 535

0231 0232 421 +384 817
723R 478  T44R 480  T64*R 4T3 T8IR 481 710% .53 |
231 0232 0419 0376 817 !

725R 465 745 ° 492 766 495 785 521 TII® 564

231 L 0,232 A9 LY 376 817

.055 .046 .061 .050 191

726 465  T46R 485  T6T*R 494 T86*R: 474 712¢R 554 g

“ 2231 . 232 419 376 817 ;
053,047 .043 .056 . 47

727 o314 747 300 768 390 787k 396  713* 380 |

231 232 419 .376 817

-y o - o - o - gy o - o

T28R 317  T748R 315 T69R 382 788 403 714*R. 402
0231 232 419 376 T o817

T30R 322  T49R 335 770 359 790R 415  T16% 400

231 0232 o419 376 .817 |

ﬁ .056, .054 074 ,051 ,253 g
731 3086 750 325 TT2%R 420 791 409  T1T*R 408

E 0231 9232’ 0419 0376 0817 i

.055 050 045 ,051 .256 :

PR

| . ~ 3
i 781~no buffer 715%~0dd record .
? | 7828-no buffer :
E

61

A
BRaaset?
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TABLE IV : Comparigon of surge times ¥, and T,messured °
° SPIN=3 SPIN-7 M85-3 M85-7 20mn~T
BQO.NO% é‘OONO; RecoNOQ "BecoNOO Bec.lzo.
T T, T T, T T, T T, | T T,
; 722 743 763 782R  709%R
11.8 ‘159 9.4 .158 708 0170 1008 ..230 17.6 ’455
’ 723R T44R T64%*R T83*R 710%
# l 12,1 o154 9.6 158 T7.95 170 11,7 o235 7.7 .47
725R 745 766" 785 T11%
h 12,0 155 8.7 o141 " T.4T 4159 10,75 4219 17e1  w=w
726 T48R TOT*R T86*R T12%R
| 11,6 160 9.0  .129 7.9  ,161 10.8 209  17.5 ~--
3 727 47 768 T87R Ti3E
o 11,6 157 9.9 170 TeTT 163 11.1 .248 1769 ===
Pl 728R 748R 769R 788 F14%0
o 12,05 ,160 9,85 163 7.8 o160 11,1 .254 18,1 =~
E . 730R T49R 770 790R 716%
- © 1.8 160 9.4 o143 T.8  ,161 10,5 0223 1702 emm
? 731 750 TT2*R 791 T1T*R
; 11.6 0159 8.65 0134 707 ) 0152 10.6 '214 16.9 b i
A¥8-11,8 .159 9.3 151 7.77  Li62 10,9 .229 17,5 .462
Call1R 6 L157 19,83 L1695 7,20 172 11.06 .248 19,05 ,50%
3 Suddgp release t;sts {some spfings up tb one coil shorter):
733 12,03  T51R 9,9  XEemsme—e- 793%R 11,55
TI4R © 12,2 753  10.2 794% 11,6
: T35R  12.4  T55R  10.2 T95*R 11,2
736 12,1 756 10,5 T96* 11,3
: 737 12,2 T59R  10.2 T9T*R 11,25
i T38R 12,2 760 10,2 T98% 11,2
tg\ Averages: 12,2 10,2 11.35
| 62
]
}
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Table V : Sudden release tests:

Comparison of calculated and measured exten§ion ieloéiti}#.

Vo 4 fz/Ti [inch/sec] . (28a)
Designation/Spring { SPIV-3 | SPIV-7 M85~7
Assumption A B A B A B
Surge time/coil, T, ,ms| 1585 757 181 1695 0272 o246
High piecompreséion:
Measured ext.veloc. ¢, 831 K 819 795
‘ )

Deflection/coil, £, 138 131 196 ,
Colculated extovel, v, | 871 880 724 773 721 796
Ratio meas./caleuls v, | +954 945 ‘413 1,06 110 1,00
Mediumaprecompressioq:
Messured ext.veloci v 416 433 543
Deflection/coil, £, 071 2071 0132
‘Caleulated extovel, A 448 452 392 419 485 136
Ratio meas./caleul. v, | 929 2920 | 1,105  1.03: | 1.12  1.C4
Medium precompression:
(rear spring end fixed) | ,
Measured ext.veloc, v 427 434 565
Deflection/coil, 1, .071 071 o135
Colculated ext.vel, v, 448 452 392 419 496 549
Ratio meas,/calcul, vy 0976 0967 1,105 1,035 1e14 1,03
Aver,rotio meas./cal,v 953 944 1,113 1,043 1,12 1,013

0

Notice difference in ratios between 3=strand and 7-strand springs,

b4
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