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Dimenesional changes resulting from the

heat treatment of EN 30B and Nimar 125

..by..

C.F. Noble, D.C.Ae., C.Eng., AM.I.Prod.E.

SUMMARY

Three components have been manufactured in both EN 30B and NIMAR 125.
Dimensional changes following heat treatment have been recorded and, while
the sample is only emall, the report serves to illustrate the potential
penefits which arise from the use of a maraging steel. NIMAR 125 is
shown to have reasonably predictable dimensional characteristice and thus
indicates the feasibility of completing all machining operations prior
to heat treatment.
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Introduction

High strength to weight or volume is a permanent target in the
aircraft industry and creates, perhaps, the most important impetus
to continuous developments by the material manufacturers. However,
other industries producing moving machinery are becoming increasingly
aware of the benefits to be gained when designs incorporate high
gtrength materials and consequently their future utilisation is guaranteed.

Machining such materials in the high strength condition usually
necessitates a grinding operation which, without considerable care
and control, induces damaging residual surface stresses and, perhaps,
cracks. It ig therefore desirable to avoid this finishing process
by completing all machining operations prior to heat treating for
maximum strength. Realisation of the technological and economic
advantages offered by thig sequence depends on the ability to precision
machine components without grinding and to predict the dimensional
changes which take place during subsequent heat treatment.

Use of quite simple control units and measuring instruments will
permit precision machining operations on conventional machine tools
and if only industry would act less conservatively quite considerable
improvements could be made, even with standard materials.  Dimensional
changes during heat treatment, on the other hand, although explained
by the metallurgist, await applied research programmes to furnish industry
with accurate numerical facts for predictive purposes. Without these
facts the application of high strength alloys is considerably hindered.
. The purpose of this modest report is to illustrate the practical
feasibility of producing the necessary empirical data.

The experiments reported herein have been restricted to a comparison
between the dimensional behaviour of a well established steel, EN 30B, and
a recently developed maraging steel, NIMAR 125. Only a restricted sample
of three specially designed components in each material is to be considered;
consequently a comprehensive analysis is rot contemplated. However, it is
hoped that the results will serve to foster enthusiasm for more detailed
work on the distortion of heat treatable metallic alloys and encourage
conscious recognition by the metal manufacturers of the need for
controllable characteristics.



Material Specifications
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EN 30B - 41/, per cent Ni-Cr-Mo Steel.

Specification as per B.S. 970: 1955.

Chemlcal Composition, per cent.

0.5k4 0.35

0.26 | 0.10 ! 0.40
i

S P | Ni Cr Mo
3.90 1.10 0.20 '
0.60 0.05 0.05 4.30 1.40 0.40

Heat-Treatment

Harden from .

810-830°C, quench in air’é

Temper at . 250°C max.
Mechanical Tesgts
i i “‘
Tensile | Limiting ; 0.2 per | Yield Maximum| Elongation { Izod {Brinell
Range Ruling cent. Point Stress ; per cent | Impact|Hardness
Symbol | Section | Proof (not a1 min. ft.1bs| (not
inch. Stress npecmfled) R min. |specified)
t.g.i. t.s.i. min. min.
' mln
- [RUREIS: SRR N 3
2 6 80 (85) 100 10 15 (k)

4 TFor sizes larger than 2% in. diameter it is prefersble to oil-quench.

N.B., =

When supplied in the 'softened' condition the Brinell hardness
number should not exceed 285.



NIMAR 125 maraging steel, 2 diameter.

Specification as per English Steel Corporation Ltd., 5th February, 1965:-

Chemical Composition, per cent.

Cast No. C | Si Mn

T 2

L oNi Cri Mo Co L

n
i

|
| 18.36 -}u.as 8.7 | .68 |.17

i

FZ.0036 | .016 |.07 | .01 |.007 | .002

The material has been normalised at 820°C after forging. After machining
the material will require ageing at UB0°C for 3 hours, air cooled, to fully
harden.

This should give the following longitudinal properties:-

Mechanical Tests
0.2 per cent Max imum WA Reduction
Proof Stress Strength Elongation in Area
t.s.1. t.s.1. per cent per cent.
119.2 | 127.2 10 32

Method of Heat Treatment

. - G o - Al - T -

A1l the components were heated in a vacuum furnace and gquenched in
cold argon. This method prevented formation of oxide which would have
rendered dimensional comparisons impossible.




Degign of Test Pieces

The test pleces, Fig. 1 and 5, have been designed as hypothetical
components having varying degrees of complexity. Distortion, either
directly as a result of heat treatment or indirectly as a result of
residual stress relief, will e most likely in the more complex component
because it incorporates thin sections and abrupt changes in configuration.
However, other general dimensional behaviour following a metallurgical
phage change is expected to be the same in each part.

Methods of Measurement

External dimensions - mean measurements, external micrometer - hand
Internal dimensions - mean measuremente, internal micrometer - hand
Flatness - Talyrond

Tilt - Talyrond

Sguareness - Surface plate, angle plate, .0001 D.T.I.

Roundness =~ Talyrond

A1l components were 'soaked' in the Metrology Laboratory at 20°C before
taking the measurements and subsequently handling was enacted with care.
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Size - see tabulated results and Figure 2
There appears to be an unpredictable change in size with EN 30B,
some dimensions exhibiting expansion while others exhibiting contraction.

The results for NIMAR 125 illustrate predictable shrinkage of
.0007 inch/inch. The final dimensions so calculated should be within
£ ,000% inch. This tolerance may be larger than is necessary for,
although considerable care was used by an experienced operator, a hand
micrometer cannot be expected to realice the accuracy of more sensitive
egquipment. More sensitive equipment should be used for future work.

It is to be noted that although only two internal dimensiong are
included in the results the shrinkage for these appears to be less than
for external dimensions. This may be due to none-uniformity in the
heat treatment, a not un-expected characteristic with such configurations.

Shape

o .-

(i) Roundness - see tebulated results and Figures L and 5.

One of the EN 30B components exhibited an increase in out-of-roundness
by as much as .0013 inch on a 1.35 inch diameter. Comparison between
fig. 4 and fig. 5 illustrates the very much better general behaviour of
NIMAR 125, the worst increase in out-of-roundness belng only .0003 inch
on a 1.0 inch diameter. ,

(11) Squareness - see tabulated results.

The only component suitable for squareness measurement is D 6684 and
the tabulated resulte indicate the improvemed behaviour of NIMAR 125 to
that of EN 30B. The NIMAR 125 only looses 0001l inch compared with
.0014 inch for EN 30B. :

(1i1) Tilt (parallelism) - see tabulated results

Tilt has only been measured on components D 6683 and D 6685. With
Nimar 125, in one case it improved by ,0005 inch and in the other it
became worse by .0001 inch, With EN 30B, in one case it improved by .0005
inch and in the other it became worse by .0003 inch. There is therefore
no real indication of a trend and no conclusion can be drawn.

- -

From the tabulated results for components D 6683 and D 6685 there appears
to be slight improvement in flatness following heat treatw:nt of both EN 30B
and NIMAR 125. In the case of component D 6684, however, the presence of
the eccentrically placed hole is detrimental to the flatness of the two
gurfaces parallel and in close proximity to the hole axis, but far less =0
with NIMAR 125 than EN 30B. The worgt change with NIMAR is from .0002 inch
to .0004 inch while with EN 30B ig from .0001 inch to .0005 inch.



Conclusions and Comments

Thie work illustrates the potential benefits to the user of a
“maraging steel with characteristice similar to those of NIMAR 125.
During heat treatment such a material behaves in a much more
predictable manner than a more conventional high tensile material
such as EN 30B.

Nimar 125 shrinks by 0.0007 inch per inch during heat treatment.
With more extensive tests it should be possible to apply limits to this
figure. Nevertheless, actual dimensions are shown to be within £ ,0003
inch of prediction while change in roundness is generally not more than
* ,0002 inch.

The number of results for squareness, tilt and flatness do not
q 3

justify numerical conclusions but the few measurements taken indicate

reasonable behaviour.

The use of a vacuum furnace with subsequent argon quenching proved
satisfactory and similar methods for preventing oxidation will have to
be used industrially if predictable dimensional performance is to be
realised.

The designs presented in this document yield results of practical
significance and it is the author' s opinion that all future work in
the field should include experiments on components with varying degrees
of complexity. TFurthermore, it would be preferable to establich standard
test-piece designs in order that results from separate research and
development can be directly compared.

High tensile metallic materials having controllable dimensional
characteristics during heat treatment permit prior completion of all
machining operationes. It ie therefore to be hoped that the enlightened
materials manufacturer will be encouraged to carry out teste and include
appropriate data in guaranteed gspecifications.
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FIG. I. PHOTOGRAPH OF THE THREE TYPES OF TEST PIECE
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Results from test piece DA683 before and after heat treatment
Nimar 125 E.N. 208
Size Shape Size Shape
Position| Before After Before After Before After Before After
' T rg/c* B/CF E/C¥ T E[CF
A1 2.,002" 2.0006" .0001” .0001" | 1.9988" | 2.0000" | 0.000% 0.00025
2 0.001” 0.0008" 0.00025" | 0.00025"
B 1.8 nominal 0.001" 0.0008" 0.0003" | ©.00025"
c 1 1,000%" | 0.999% | 0.0001" | 0.00015" | 0.998%" | 0.998¢" | 0.0002" | 0.000%"
2 1.0007 | 0.9998" | 0.0001" | 0.0001" | 0.9986" | 0.9991" ! 0.0001" | 0.0001"
D 1 0.7989" | 0.7986" | 0.0003" | 0.00025" | 0.8003" | 0.8007" | 0.0002" | 0.0005"
2 0.7990" | 0.7987" | 0.00015" | 0.00015" o.‘eooo" 0.8005" | 0.00015" | 0.0002"
Tlatness Tlatness Tlatness
Local General
B 0.006" 0.0035" | 0.0010" | 0.0001" 0.0005" | 0.00025"
Flatness E}EEE}EEE
F 0.0005" | 0.0001" 0.0001" | 0.0001"
Tilt Flatness Tilt Flatness
G- 0.0035" | 0.003¢" | 0.0015% | 0.0005" | 0.0015" | 0.001¢f | ©.00075"| 0.0005"
TiL Flatness Tilt Flatness
H 0.002" 0.0015" | 0.001¢" | 0.00075"| 0.0008 | 0.0007" | 0.0003" | 0.0002"
I 1.9027" | 1.9018" 1.9005" | 1.9009"

*Bnelosed circle
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Results from test piece D663L _before and after heat treatment
Nimar 125 E.N. 308
Size Shape Size Shape
Position | Before After Before After Before After Before After
I}
4 E/c* Efc* Efc* Bfc*
A 1.0018" | 1.0000" | 0.00035"| 0.00050"| 1.00L7" 1.0050" | 0.0002" | 0.0009"
B 1.0018" | 1.0010" | 0,00030"| 0.00045"| 1.0050" | 1.0052" 10.000%" | 0.0007"
c 1.0018” | 1.0010" | 0.00050"| 0.00085“| 1.0040" | 1.o00Lo" 0.0025" | 0.0035"
Squareness Squareness
D 0 ] 0 0
B =0, 00k | .0.00h5" «-0.0068" 1-0.0082"
Flatness Flatoess
Env. Euav.
F 0.000L0" | 0.00015" - 0.00010" | 0.0004Y"
G 0.0001L0" | ©.00010" 0.0002¢" | 0.00025”
Flatness Flatness
H 0.0002" | 0.c004 0.0001" | 0.0005"
I 0.000Y" | 0.00005" 0.0001" | 0.0003"
Size Size
J 1.6982" | 1.6971" 1.7009 | 1.7005"
K 1.6996" | 1.6986" 1.7013" | 1.7014"
L 170127 | 1.700% 1.7000° | 1.7007
M 1.6987 | 1.6976" 1.7007" | 1.7004
N 1.6996" | 1.6986" 1. 7013” 1.70L%
0 1.7003" | 1.6991" 1.6996" | 1.699%"
*Enclosed circle
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‘ Size Shape Size Shape
. Position | Before After Before After | Before After Before After
Diameter E/c* Efc* Diameter E/c* E/c*
Al 2.0015" | 2.0002° | 0.00005" | 0.0001% | 2.014%" | 2.0140" | 0.00008" | 0.0002"
2 2.0015Y | 2.000%" | 0.00005" | 0.0001" | 2.014l | 2.01h42" | 0.0002% | 0.00015"
3 2.0015" | 2.0003" | 0.0001* | 0.0001" || 2.014% | 2.01k2" | 0.0002" | 0.00015"
B 1 1.5018" | 1.5009" | 0.00025" | 0.0004 || 1.5000" | 1.5005" | 0.00025" | ©.001”
2 1.5019" | 1.5010" | 0.000057 | 0.00015"| 1.5008" | 1.5007° | 0.0001" | 0.000W
1 1.3896” 1 1.3886° 1 0.00025" | 0.0003" | 1.3518" | 1.352¢" | 0.0007" | 0.002"
2 1.34867 13477 | 0.000Y | 0.0002" || 1.3520" | 1.3520" | ©.0001¢ | 0.c00L*
D 0.4hho” | 0.hkbo” | 0.0005° | 0.0007" || 0.506K | 0.5066" | 0.0005" | 0.0003"
B 1 0.0812" | 0.0815" 0.0758" | 0.0758"
2 0.081¢" | 0.0816" 0.0763" | 0.075%"
3 0.0817 | 0.0814 0.0757 | 0.074
L 0.0817 | 0.0816" 0.0767" | 0.075W
5 0.081% | 0.081% 0.0760" | 0.075%"
6 0.0814" | 0.081% 0.0767 | 0.0755"
F o1 0.0337 | 0.0836" 0.0762" | 0.0753%"
2 0.0838" | 0.0837" 0.0759" ; 0.075¢°
3 0.084k0" | 0.0838" 0.0739" : 0.0756"
i 0.05838" | 0.0836" 0.0757 | 0.0757"
5 0.0838" | 0.083%" 0.0761" | 0.0759"
6. 0.0838" | 0.0830" 0.0769" | 0.075¢"
Flatness Flatness
e 0.0002* | 0.00015" ¢.0002" | 0.0002"
H 0.000% | 0.000% 0.0005" | 0.0004"
TLE Tilt
I 0.0004 | 0.0005% | 0.0006" | 0.0005" | O.0000" | 0.0007" | ©6.0005" | 0.0005"
At _Satun At _datun
J 1.375% [ L.37HW 13727 | 1.3y
o
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