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Uncertainty analysis of contour method in the hot extruded Aluminum
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ARTICLE INFORMATION ABSTRACT

The contour method is a new approach to measure the residual stress and is used to provide a two-
dimensional map of residual stresses. In this study, residual stresses were measured in the rods that are
produced by hot extrusion with high reduction cross section. The rods material was 6061 aluminum
alloy and the effect of annealing heat treatment has been studied on the rods. For this purpose, residual
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stress has been evaluated before and after annealing heat treatment and the uncertainty of the contour
method is calculated. The results indicate that in the rods produced by hot extrusion with high reduction
cross section, tensile residual stress is created in the rod core and by moving along the radius is changed
to compressive residual stress such that the surface is balanced via tensile and compressive stress. The
maximum tensile residual stress is formed on the rod center and performing annealing heat treatment
results in high reducing residual stress. Also, as the uncertainty investigation determined, the
uncertainty was almost uniform on the surface and displacement error and model error sources have the
same effect on the uncertainty of contour method.

Keywords:
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annealing heat treatment, (b) after annealing heat treatment

Sl Slles 513 @) 55l lpen 5 6505 (Sl 5l o s 35l 3 S5
Il ol Slbes 5l ax (0) (]

2 Bivariate fourth grade spline
® Bivariate quadratic spline

441

A: Original residual stress distribution

B: Part cut in two,
stress fully relaxed (= 0) on surface

Fig. 1 Primary of super position in the contour method [31]
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residual stress computation

Slowny (i dslore gz Sgazme el Jaw (6550 dasl s g aniin 4 o

&k o o)lgen g5l g Sl eolatial b wilewy (sla 25 e sl
a2 O)goh las)lgenl 5 ol (giluJue s 5 C35 O)jg0a lanl )
e e 59, e Lulyd 5l eslinul b oad (g xS oslil slags lgeals
Oldl ileands ool 5l eaaliunst slo il il b s S o

Al Slowy sla 25 pl dgu0re

JQT Gl Oldes -4

39 S| el dilowny slo i3 2 Sl 5> Slbos b o) 2 612
&lp 20,5 S 5T [33] ASTM B918 o lusbiw! ull j ladiges oo
o )5 5l 4078 slos L 0,65 jo celus 2 o 4y baaiges oyl (IS oyl
Sy eaelus a0 28 glos ualS Fy3 L ooy95 (930 e S8 S 13
0,55 5l 1y aiges e, o5 5l 2608 4 Ll sloos a5 Gloj g wiayo )5
Slp sl Gy Oldes Jloges iy e sles 4 b 03,8 z,l5
gz oy onl 0 el sadools iales B S [0 ceguinegl] sloals
Wged s 99 5l (il Sldee slam g S Wl 5 (6505 0l
30,5 oolatl

Caxlad pus -5
ot dolai mlio Coahad pae wlul 5 je6lS by, 50 Coulad sue
5 odd g Sojlal o oluls (o 9szge oyl ed oo Al

475
425 +

Temperature (°C)

Time (hour)
Fig. 5 Annealing heat treatment diagram for aluminum rods
sl slaalos sl Sl Sl Sllos Jlogei B g

442



(58 33 5 sy it S

PS5 Il 53 HeguireglT o duls il )g) wilalad (59, HSIL Hh9) ) Ailowsy Gl skl pac dsllae

S, 833

(Avg: 75%)
+4.837e+08
+4.325e+08
+3.813e+08
+3.302e+08
+2.790e+08
+2.278e+08
+1.766e+08
+1.255e+08
+7.430e+07
+2.313e+07
-2.804e+07
-7.921e+07
-1.304e+08

(a)

S, 833

(Avg: 75%)
+7.320e+06
+5.875e+06
+4.429e+06
+2.983e+06
+1.538e+06
+9.179e+04
-1.354e+06
-2.800e+06
-4.245e+06
-5.691e+06
-7.137e+06
-8.583e+06
-1.003e+07

(b)

Fig. 6 Contour of residual stress (according to Pascal), (a) before
annealing heat treatment, (b) after annealing heat treatment
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