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ABSTRACT: Heat treatmeis coulc create local or global distortions on workpie. Finishing operatior,
often costly, are then necessary to respect tharesjfunctional tolerances. In the long term, objective is

to optimize first, steel grade and heat treatmiren to adjust the numerical simulation modelsthbt way,

the heat treatment distortions on C-ring test pabtisined for an ASCOMETAL steel grade, verticallys
guenched are qualified and quantified by a dimeradianalysis. In this article, we focus on part sueament
and data processing strategies. Then we presemparoach to correlate the experimental results with
simulations ones.
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Within the framework of heat treatments, two main
1 INTRODUCTION and complementary approaches are found in the

_ literature.
Our work is focussed on heat treatment process

which is used to improve product mechanicai?-1-@ Deductive approach

properties (e.g. hardness, strength). These heg_tconsists in che_cking disto_rtions_predictive misde
treatments may cause undesirable dimension}f2 experimentations and simulations. A knowledge

changes. Finishing operations are then neede§@sed system could be used [1]. Distortions are
hence distortions control could help minimizing theduantified on parts families for which are assaiat
rise in cost. Distortions prediction is howeverPotential distortions (e.g. banana effect) and

complex because depending on many parametegéStortiO”S generating factors such as part gegmetr

(thermo mechanical, metallurgical), which are, metallurgical properties, place in the furnace,
mostly, experimentally estimated. cooling fluid characteristics. One can also finbewt

strategy using metrological and simulation analysedndividually considered; as the part geometry [#] f

The first part reviews some literature methods tdVhich a correlation method was developed.
identify heat treatments distortions. Then, weHowever, finite element models (f.e.m.) are the tmos

introduce our method with data processing cominé‘sed because they help us to understand distortions

from measurements and simulations. The third pa,qrigin through metallurgical and thermo mechanical

presents first results for an ASCOMETAL stee|Phenomena analyses. Like all numerical model_s, the
grade. results accuracy greatly depends on the quality of

the input data. In addition to simulation based
approach, it is thus necessary to perform
2 DISTORTIONS IDENTIFICATION METHOD experiments to corroborate preliminary results. In
that way, distortions simulation accuracy was
2.1 Existing methods improved on carburizing-quenching gear by
experimentally determining materials thermal



properties [3]. Points are evenly distributed on all surfaces (&gu

2.1.b Inductive approach 1), but not on the putting plane (bottom one).

It consists in proposing models to identify Upper plane
distortions coming from experiment, mainly from =
metrology. So, we need to define the number and  outer cylinder
distribution of points so that significant surfades 1722 points

the optimization criterion would be measured with \ T / ztpomts

the smallest possible loss of information [4]. The
) 17%
’ 21 points

2 110 points
Right line

number of points is subject to part size, tolerance
specifications and measurement uncertainty. The
theoretical smallest sampling size can be used for
ideal geometric shape identification. But, if tkoernh

_ 0

38 points

deviation is unknown (that is our case), we have to Inner cylinder C Left line
increase the sampling size so that estimated \ailue

the measurement converges to the “true” value of Bottom plane

form error [5]. As for points distribution, for not Fig. 1.Fine mesh for points probing

creating local weighting disturbing the optimizatio

method, it is important to dispose them uniformly. o i i his t timi ¢ h
Next, we need an optimization criterion to resolve ur matheématic approach 1s 1o optimize, for €ac

this “data-overabundant’ system. In our case opomt i, the measure errag; between theoretical
warped surfaces identification, a point-per- pomtIOOInt Ti and measured point ;M orthogonally
comparison between measured and theoretic&fClected onto theoretical normal (équation (1)).

Data processing strategy

geometry is needed [6]. We chose the least squares £

criterion because it gives a very stable resultiand In reference ; with;

less sensitive to asperities effects [7]. Frpg E=|& |||& = (OT oM. ) N, (1)
ori) |, =

2.2 Developed method

2.2.a Introducing C-ring test part We also define the matrix M of optimization

The C-ring type sample is currently used becasse iPhenomena (equation (2)). Its scalars correspond to
geometry allows us to amplify distortion which isthe phenomena elementary amplitude effeek,je
suitable for the metrological analysis [8] [9]. Wee on the theoretical points written in column. The
a 100 mm long C-ring with a 16 mm wide opening.description unit of phenomena would be close to
Outer and inner cylinders (respectively @70 and @4%heir estimated value, so the millimetre.
mm) are 11 mm off-centered. These dimensions
authorize thermocouples without disturbing thermal Tx Ty...Ph
... ) .. OT ...€ ith Tt =Tl =

flow; they minimize side effects and allow obtaigin ! eTX 2 i with HTXH HTVH 1mm
Ir:ei?slilreg C(r)rstleltr:cg)lgg:gg;tya[j\g]lysis occurs at threelvI OT eTX eT.y » Cen, "~ =T N i N X @

’ : eryi—Ty.Nj:Nj.y

manufacturing states: after machining, after stress T
OT eTx eTyn <

relieving and after high pressure gas quench. Then, n n

we present a method to correlate C-ring measurefl; (issociate phenomena, those must be
mesh with f.e.m. one in order to compare S'mU|at‘?nathemat|caIIy independent and linearly

distortions field with measurement's one. superimposable. In metrology, the size order of the
2.2.b Experiment approach defects is often small compared with nominal

dimensions of the measured part and so, we will use

I der to ch terise the distorti anift the small displacements assumption.
n order to characlerise the distortions sign CanFinaIIy, equation (3) gives the residual r to miraen

types, we define a fine mesh for the C-ring. Wepkee using the least square criteria thanks to any solve
in mind that many measurement points may increase

the appearance of abnormal points but we could
detect them via a graphic interface (see section 3)

Measurement strategy




r :HE_aFﬁ_bPhZ —cﬁvi'—...—nPhnH
with elementaryjuantitiega, b.c....,n) of significat  (3)
displacematsanddistortiors phenomene(Phi Phn) e N

Geometry before quench (Ty, Ta. ...)

Experimental device
Our coordinate measuring machine (CMM) has an
indication error for length measurement defined by

Geometry after quench (S, S, ...)

E=(3.5+L/350)um, L in mm. Fig. 3. Intersection point;Sbetween ($5,) and D lines
Cering Uncertainty due to the method
Extension bar The method generates a quantifiable estodue to
TP20 probe the linear apprp>_<imation betweer_1 two_ consecutive
nodes of the finite element frontier (figure 3). To
Star stylus Positioning device minimise this error, we look for the 2 simulation
o ) _ points (S and $) whose angular coordinates are as
Fig. 2. Experimental control device close as possible to theoretical point)(Bnes. In

We use a dynamic probe (TP20) with a star stylufigure 4, we show that higher is the sampling size;
and an extension bar (figure 2). Combined withhigher is the accuracy. This last also increasenwhe
probe head rotations, we can access all surfacgs. Bthe diameter size is smaller for the same sampling
even with rotations, we do not obtain a uniformsize.
distribution of points for the inner cylinder. Weus
checked the accuracy of our device compared with =_ o0 Evolution of diameter identfication error

—®— |nner section

single TP20 probe (without extension bar and sta fg§oeo—— —
stylus) in measuring a 44.99mm standard ring £33 ° - \
(tablel). To succeed, we optimize the 108 points 0 525 ™ . TN,
CMM with Tx-Ty and dilatation vectors. v &2 o1 121 181 32 723 62 91 121 181 362 723
Number of points from a cylinder section Number of points from a cylinder section
Tablel. CMM measurements of a standard ring diamete Case 1. Simulation nodes are theoretic&ase 2. Simulation nodesre theoretic:
Vvalues in mm Single TP20 Our TP20 device points of outer and inner diameters points of dilated diameters (0.5mm)
Diameter 44.989 44.989 Fig. 4. Uncertainty due to data processing of satioih points
Range 0.006 0.005

Initial geometry for quench simulation

. . . . We must take into account C-ring dilation due to
2.2.c Processing of finite element simulation Eeating (at 930 °C). We consider for the studied
We use Forge 2005 software to make 3D-quenc teel grade a linear dilatation value of 22.3 pmom/°

simulgtions for which the input data are part!yin austenitic phase. Then, we create the same mesh
e_xpe_rlmentallydetermlned (the ph_a_se transformatlogS for experimental analysis, consisting of 98
kinetics, the heat transfer coefficient) and partly, ;

. . sections with 400 nodes for each cylinder's
from the literature (the mechanical data) [12]. perimeter. This fine mesh aims to minimize the

Data processing strategy uncertainty of our method.
For a direct comparison between experimental and

simulation results, we use the method previously

presented. For instance, this method is applied for FIRST RESULTS

only the cylinders. By using “2D-cutting planes’@w
export sections’ boundary geometry at the sam
heights as for CMM measured C-ring. However, we
must keep in mind that CMM measurement point£

are obtained by probing the surface following th i ‘o the th ical s (f
theoretical normals. But during simulation, nodes_‘l)_rl € errors onto the theoretical normals (figbe

move on all directions. So, we have to find the heses measure errors include displacements

intersection point $ between theoretical normalg T phenpmena, “k.e tranglatlons, rotations an.d.off-
and finite element frontier (Sy). centring of the inner diameter (due to machining).

By deleting them, we did what is often callbekt

software based on the described method was
eveloped. Thus, numerical and 3D-identification of
istortions phenomena can be calculated. For a
etter visual understanding, a scale factor is agpli



fit, to better visualize distortion and to write their 5% — [~ essred
3D-mathematical expression (figure 6). g < m«
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Fig. 8. Residual evolution in function of cumulafgtenomena
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4 CONCLUSIONS
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¥

Pincers’ opening
[ scale factor: 50 X Theoretical points A Quenched points |  We developed a method for identifying distortions
based on the optimisation of the measure errors by
the mean of distortions significant phenomena. In
All phenomena have physical origins, as the pincershis first approach, tendencies of these phenomena
opening which comes from a gradient of thermakre quite the same in experiment and simulation but
stresses induced by the thickness and temperatufg have to refine input data of the models for a

Fig. 5. Graphic comparison of best-fitted quenchedmetries

gradients and the steel phase transformations. better quantitative evaluation. Further work will
— t focus on many experiments and on simulations
q q ectors eirects on errors ontd . . . .
Phenomenaf  Mathematical expressions theoretical normals including mechanical experimental data.
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The chosen vectors for phenomena explain the main
distortions as the final residual is small (figure 8).



