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Summary

The present programme of research is a continuation
of previous work carried out for F.V.R.D.E. A total of 165
springs in 11 batches will be manufactured from En 45 silicon
manganese acid O.H. steel. The springs will be fatigue tested
to determine the effect of: shot-peening, carbon restoration,
carbon restoration and shot-peening, low-- temperature heat
treatment after scragging, scragging to limited stress levels,
use of black bar materiasl, variation of silicon eontent, and

variation of spring index.
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1. INTRODUCTION

.. programme of research has been planned in order to extend
the scope of the earlier work which was cerried out in collaboration
with the VWar Office (F.V.R.D.E.,) In the earlier research, the effect
of carbon resttration end shot-peening on the fatigue properties of
hot-formed springs made from silicon mengenese (En 45) steel and
cerbon steels (En 42 and En 44) was investigated. The SesieReusw
determined the fatigue properties of 54 different batches of springs,
the metallurgical exemination of which was carried out by F.V.KeD.E.
From the results, reported by the War Office'’) end by the S.buRen (D)
it was evident that to obtain maximum fatigue strength :

a) there should be no stress raisers in the bar ma‘teriai, i.e. ground
bar should be used,

b) there should be no decarburisation of the finished spring; this

can be achieved by cerbon restoration prior to hardening,

¢) shot-peening must be carried out under controlled conditions to

produce a high peening intensity.

The main limitations of the results obtained were, firstly that the
shot-peening treatment applied was not sufficiently intensive,
secondly, by contract requirement the fatigue tests were discontinued
at 0.5 x 10° cycles which prevented a clear determination of fatigue
limit and thirdly, that only one cast of each type of steel was
investigated.

These limitations will be overcome in tne present research

programae, The shot-peening will be more intensive than ‘before, the

-

fatigue tests will be continued to 10’ cycles and two casts of steel

will be employed.



The shot-peening will be carried out to an intensity o O 015

to 0 022 in arc-rise on Alaen 'A' strips.

To compare the effect on futigue roperties of cerbon restoration
and shot-peening of springs made from both black and ground bar, one batch

of black bar springs will be included in the programme,

Variation in cast analysis, particularly silicon, may affect
the degree of decarburisatioa during coiling and during heating for
coiling and therefore, change the re uired carbon restoration conditions.
One baten of springs will be made from ground bar with & higher silicon

coutent than the mein cast and neaxr to the upper limit for En.45.

Spring index may affect the fatigue properties and this factor
will therefore be investigated at 3 levels, As a new fatisue testing
macninz will be available for test springs of a greater mean diameter than
that used in the earlier research higher indexes than before are included

in the programne,
(3)

with scragging a spring solid, a higher solid stress could be achieved

Tests carried out by Pope and Andrew showed that, compared
by scragging to a limited stress ard applying & low temperature heat-
treatuent to raise the elastic limit to a level at or above the stress
at which the spring would not set if compressed solid, A limited
nunber of tests on railway buffer sorings (&) indicated that a higher
fatigue life mizht be obtainable on fully scragged springs 1i' they were
low temperature heat-trezted after scragging In the present research
the treatment will first be applied to & batch of ground bar carbon
restored springs to determine its eifect on the fatigue 1limit The
effect of limited scragging to two levels of stress followed by low

temperature heat treatzent will thien be investigated

OBJECTS (. TIE RuSwsRCIL

Springs made from ground bar Lin.45 silicon menganese acid open
hearth steel vill be fatigue tested and the results will be used as a
basis of comparison to determine the effect of the following variables

on favigue limit,

(a) Shot-peening
(v) Carbon restoration prior to hardening
(¢) Carbon restoration and shot-peening

(4) Low temperature heat treatment after scragging carbon restored
springs



_3_

(e) Limited prestressing (at 2 levels) ard low temperature heat-
tyatment of crrpon restored sprinzs

(f) The use of black bar material for carbon restcred and shot-peened springs

(g) The use of a kicher silicon content ground bar for carbon
restored amd shot-peened springs

(h) Change of index of carbon restored »nd shot-peened springs

. SCHEDULE Of SPRINGS

A ] - = .y
3 4 Spring Pesigns

The 3 spring desigas are given in Table 1

3 2 Spring .enufacture

A complete schedule of the manufacturing procedure for each
batch of springs is given in lable IT

Samples of ber neterial will be tacen from cast A black bar
and ground bar and cast B ground bar (3 samples i foot long from each)
to check for decarburissiion and surface defects.

Control bars, 4 foot long, will be heated with the spring
bars For batches 3 to 41 in the coiling furnace (5 control bars per

batch) and despatched with the springs for carboi restoration.
<o A , . . o
Coiling of all the springs will be from a temperature of 900°C

Descaling by lichtly shot-peening will be carried out on all
the springs after coiling and on the control bars, Springs and control
bars for carbon restoration will be oiled for protection froa corrosion

during transit,

Carbon restoration conditions will be determined by Birlec

Ltd from metallographic exanination of the control bars, Carbon
. X . O  inq v s
restoration and hardening from 915 C will be in a batch type "sealed

1

. . . - . . o
ruench" furnace Partial temoering will follow imaediately at 250°C
for 1 hour, "he sprinss vill then be returned to the sw»ringmeker for

full tempering and subsequent processing,

Hardening of springs which are not to be carbon restored

will be from & reheating furnace at 91500 into oil,
Tempering of all springs will be for 1 hour at 4,30 - 490°C.

Scragging of batches 6 and 7 will be to the appropriate
loads for stresses of 60 and 70 1:om’/in2 respectively. All other

springs will be fully scrarsied,

Low_temperature heat treatment after scragging, (250°%C for 1
hour) will be spplied to batch nos, &4, 6 and 7. Shot-peening of batch
nos., 2, 5, 8, 9, 10 and 11 will be to an intensity of 0.015 to 0.022 in

arc-rise on an Almen 'A' strip and using 0.030 to 0,040 in. diam



- -
conditioned cut—ire shot. Three Almen tests will be taken with each
batch of shot-peened sorings,

Protection of finished springs will be by phosphating to
D.T D.95k4, by baking at 150 - 210°% for 4 hours and oiling.

3.3 Reserve of liaterial

To facilitate the manufacture of complete replacement of all
the batches of springs, a reserve of material is being held in billet
form
G TSTING PROGRAIGE

kot Examination of bar stock

Samples of the 3 types of bar stocx to be used will be

_ exanined for decarburisation and surface defects before the springs

are manufactured,

4.2 Load testing of springs

Por testing on the radial fatigue testing rig each spring
will be load tested to obtain the test lengths for an initial stress
of 5 tonf‘/in2 and the particular maximum stress required. Load testing
will not be necessary on springs which are to be tested on the new
resonance fatigue testing nachine as the initial and maximum stresses

w7ill be deternined dynamicolly.

4.3 fatiguc testing

Batches of sorings will be fatigue tested as far as possible
in numerical order, A fati-ue limit will be obtainzd for each batch
with at least two springs unbroken at 107

but below the fatiszue limit.

cycles at stresses near to

4 4 Examination of broken springs

\!
lietallurgical examination of selected springs end control bars
will be unde teken as tiwe ratizue test on each batch of springs is

completed,

1. P.V.R.D.E. Report lio, ii56ii, 11th April, 1962
2. C.i. Somertca and J,V, iiee, S.M.R.A., Report No. 135, July 1962

3. J.A, Pope and J.E, indrew, Coil Spring Journal No, 1k, March 1949,
- pp 6 - 13.

L, J.W, lice, Coil Spring Journal No, 27, June 1952, PP. 323k,
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Table I Desiens of test springs

Design 1

Ber diam 'd' in

Spring mean diam 'D' in
Syring index ‘e =-]§
Correction factor 'K'
Lffective coils 'n!'
Length free in,
Length solid in,

Solid stress tonf/ e

1. 04
35
3 37
1.5
13.5
20,28

15,08

Design 2 Design 3
1. 04 1.0,
4 52 577
4.35 5 55
1.36 1.26
7 L

13.32 10,2
8.32 5.2
80 80

*Also the design of earlier F.V.R.D.E. springs




Iable IT _Spring iHanufacturing Schedule

. ——
Spring Design No, 1 No.2 jNo. 3
Cast {Cast Cast
Haterial Cast 'A' - Ground Bar A 1Bt Al
' Black |Ground] Ground
Bar Bar Bar
R R —_ T e g | —
Dstails of ! |
nanufacture
| nanuf '
| Batch No 1 2 3 L 5 6 7 8 9 10 11
| Hent to 900°C
} and coil b'd b'e b'd b’ X X x b4 x b 4 b'd
,: Daszcale by t
! Light shot-peen [ S X x x x X X x X X x
Rzheat at 915°C
for hardening X b'd
C‘;rbonorestore
ab 915°C pie b4
Cil. harden b.d x X x
| T’artia% temper {
| at 2560°C for x b'd b'd X X p.d x x x
i 1 hour
Fully tgmper at i
L80-490°C for x X x x x b'e b's x X x X
| 1 hour
| Scrag solid X ;X X x x x x x x
Scrag to
60 tonf/in ‘ x
i Scrag to ‘
| 70 tonf/in ; x
LTHT at 250° ‘
for 41 hour b'd X X
Shot~peen b4 x b x X X
i Phosphate, bake
2 ard cil X b'd x x x x x X x x x
Number of
i oprings 15 15 15 15 15 15 15 15 15 15 15
|
; i

Cast A =~
Cast B -

En.45 with 1.7 - 1.8 Si
Bn,45 with 1,9 - 2,00 Si




