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Object

The purpose of this analysis was to determine the minimum weight
of springs that would satisfy the requirements on the CONTIVENTAL
0-1430~1 Engine valve Cear

Sammery

By seleoting a material with s high elastic limit end utilizing
its maximum capability of work, a minimum weight of materiasl is
required. In the following pnges the necessary mathematical
equations are derived and the subject springs are caloulated.

conclusions

The springs as used on the single cvlinder test ensine, and

now specified for the 12 cylinders under construction, weigh

«756 pounds for essh valve, toteling 18.25 pounds for 12

cvlinders (24 valves). The springs as called for in the following
design will weigh only .206 pounds for esch valve or a total

of 4,95 pounds for the 12 cylinders, showing & weight saving

of 13.3 pounds.

Endurance runs on the single oylinder are to be made to test the
connecting rods., At the seme time, these springs will be tested
end if proven satisfactory may be then used on the multi-cvlinder
engine.

edure

Figure 1 (taken from Reference 1) shows the fatigue limit disgram
for the Swedish Chrome Vanadium Steel selected. The X axis
represents the initial stress to which the test springs were
subjected and the Y axis the final stress. The scale of the graph
was laid out so that the initial stresses would all fallon a
straight line at 45 degrees to the axis. In this method of
plotting, the initial stress may be read on either the X or Y axis
and the intercept on the Y axis shown by the vertical solid line
indicates a safe endurance limit of the spring in question,

springs of this materiasl will operate satisfactorily if the stress
varistion is below the line denoting the elestic limit and between
the two snguler lines on the chart. Springs which go above the
upper slenting line will feil in less than ten million reversals.
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Let A = Slope of the dotted line BO in Figure 1 = ,490
Let B = Maximum stress renge or from O to 76,000
Then B = 76,000 pounds per square inch

Let S = Initiel stress
Let Sg = Final stress
Then sz =AS; + B (1)

All of the actual stress caloulations are based on the
formulase by Mr. A. ¥. ¥ahl (%ee Reference 2). This gives
a summation of torsional and shearing stresses.

8 PD | (4C=1) 0.615
Sp = NMaximum stress = +

wad | (4c-4) c

Where P = Axial load in pounds

o
]

Mean diameter of the spring

d = Wire diameter

C = 2 ‘1.0, Ritlo of mean diameter to wire diameter

However as the Wahl correction will be taken into consldoritIOn
in the actual design, it may be omitted from the reneral case
listed below.

%We then have for any spring:

8PD .
Szz_ (2 )
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= Deflection per coil
= Torsioneal modulus of elasticity = 11,500,000 #/O=

mn

Number of active coils

G
g =
H

= Total deflection

Plotting the deflection against the
loaed as shewn in Figure 2, the work
done is the area under the curve or

W =1/2 paf (5)

FiIG.2
The work done between any two points as 1 and 2 on the curve is
2
L 1/2 (Pgnf, - P nf )
3

szﬂd
From equation (2) P _

8D

Substituting 1in oqun_tion (8) for r'and rz

3 2 a® ] s
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» 8n nd 4 20
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mna
Now the volume of metal in the spring V = nmnpD
1
Y 2
Therefore lz B i Sz
4G
v 2
Similarly '1 N 3:l
4C
2 v 2 2 (6)
Therefore work Ww° = (5 -3 )
1 40 2 1
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Ye now wish to introduce into the above eouation, the factors
for the stress range of the material

.' -8
52-1314-! N8

1 "
A

Substituting this velue in ecguation (6)

C (4-dmed

‘l

Now we wish this spring to 40 the saximum samount of work it
is cepable of doing within the known valwes, A and B taken
from Figure 1

aw
This condition is satisfied when . = O
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For the Chrome v-naaau%un selected, A =.,49 B =76,000.
However, this 76,000 §/0" represents the highest permissible
stress range and a spring designed using this value for the
constant B in the above equations would lie exactlv on the
dotted line in Figure 1. The probable error in the faticue
tests from which these velues were determined, has deen
established as plus or minus 3000 #/0" and 1t is well to
allow a slight margin to cover anv inaccuracies in the wire,
etc. Therefore, we will use a value of 70,000 #A0" for 3
leaving the A" value .49, This will give us a spring lyins
slightly below the dotted line in Figure 1.

A = valve 1ift = .5625

«5625
Ae 4 Pl i WSRO ¢
l - A l - «49
B 70,000
S % a..9z.zoo sfor
l - lz 1l = 49

The following springs satisfy the design requirements:

Inner ri
3
D = 1,837 4 =,135 d = 00246
1,237
c = -9.16
135
4Cc - 1 +615 35.64 .615
+ < + = 1. 157
4C - 4 C 32,64 9.16
92 ,20(
'S8 corrected for Wahl equation = Spy ® = 79,50(
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sa,ﬂ-»a 79,500 x 3.1416 x ,00246 614
- S 5 = = 62.1 pounds
8D 8 x 1,287 9.9
2
DS 301416 x 1.530 x 794,500 3820

L o 3 = +246 inch

cd .135 x 11,500,000 156510
H = Total NDeflection = 1,102

1.102
n = Number of coils = = 4,48 active coils
Quter Spring
3
D = 1,574 d = .162 4 = ,00425
1.574
C » s 9,78
.162
4C = 1 +610 37 .88 B15
4C - 4 C 34 .88 9.72
92,200
8o, = = 80,200 #/O"
1.149
80,200 x 3,1416 x ,00425 1071

8 x 1.574

= 85.1 pounds

12,592
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3.1416 x 2.477 x 80,200 62,3
R ; § % = 335 inch

11,500,000 x +162 18641
1,102
n = = 3.3 Active coils
.335

The above springs as designed may have excessive lnrgi'whtcﬂ}
if.present, is apt to over stress the material causing failure,

It is proposed to make up two sets of springs one as
described above, the other essentially the same containing
a dempening coil. These springs may be tested simultaneously

and should give satisfactory resulté
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