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1 Abstract

Cylindrical rods of 450°C quenched and tempered AISI 4140 were conventionally shot peened,
stress peened and warm peened while rotating in the peening device. Warm peening at
Tpeen = 310°C was conducted using a modified air blast shot peening machine with an electric
air flow heater system. To perform stress peening using a torsional pre-stress, a device was con-
ceived which allowed rotating pre-stressed samples without having material of the pre-loading
gadget between the shot and the sampies. Thus, same peening conditions for all peening proce-
dures were ensured. The residual stress distributions present after the different peening procedu-
res were evaluated and compared with results obtained after peening of flat material of the same
steel. The differently peened samples were subjected to torsional pulsating stresses (R = 0) at
different loadings to investigate their residual stress relaxation behavior. Additionally, the pul-

sating torsional strengths for the differently peened samples were determined.

2 Introduction V

Shot peening is widely used to improve fatigue limit and fatigue life of parts and components,
e.g. springs, which are subjected to cyclic loading. This is done by well directed induction of
compressive residual stresses and work hardening of the near surface regions. Besides amount
and penetration depth of the compressive residual stresses their stability is of high importance.
In case of conventional shot peening there are many investigations dealing with optimization of
the peening parameters to improve the surface characteristics and their impact on fatigue
strength. However, there are far less systematic investigations of modified shot peening treat-
ments like stress peening and warm peening. Stress peening is used to induce higher compressi-
ve residual stresses into the surface regions. This is done by applying a tensile, bending or
torsional load during the shot peening process. At this, the pre-stressing has to act into the same
direction as the following operating loads. Warm peening, though, can be described as conven-
tional shot peening conducted at elevated temperatures, usually between 170-350 °C [1-5].
This enables strain aging effects, which are known to increase work hardening rates and UTS
and reduce the ductility in this temperature regime [6]. This can lead to increases of fatigue life
and limit under stress controlled loading. The present paper deals with sarface characteristics,
residual stress stability and fatigue strength of cylindrical rod shaped samples of AIST 4140 af-
ter conventional shot peening, stress peening and warm peening. Comparisons will be drawn to
flat bending samples of the same steel and the same material state.
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3 Material, Specimen Geometry and Experimental Approach

The investigations were carried out using samples of the steel AISI 4140 with the chemical
composition 0.44 C, 1.21 Cr, 0.22 Mo, 0.28 Si, 0.81 Mn, 0.07 Ni, 0.02 P, 0.03 Al, 0.02 S and
balanced by Fe (all in wt.-%). The cylindrical rods with a diameter of 5 mm were delivered in 3
m long rods and cut down to pieces of 120 mm length. Then they were austenitized for 20 min
at 850 °C, martensitically hardened in oil (25 °C), tempered at 450 °C for 2 hours and cooled
down in a vacuum furnace.

The shot peening treatments were performed using a modified air blast machine, which allo-
wed peening at 20 °C < T, < 410 °C. Details of the warm peening procedure can be found in
[1, 5]. In this presentation warm peening was conducted at 310 °C, which was found to be an
optimized peening temperature for quenched and tempered AIST 4140 subjected to alternating
bending [5]. Cast iron shot S 170 with a hardness of 56 HRC was used at a peening pressure of
1.2 bar with a media flow rate of 1.0 kg/min. The Almen intensity was 0.25-0.27 mmA leading

to a full coverage of the sample surface. For peening the device in Fig. 1 was used.

sampie A

Figure 1: Device for shot peening, warm peening and stress peening of cylindrical rod shaped samples

Conventional and warm peening was conducted by mounting a sample (A) with collet
chucks, closing the mechanical clutches (B) and (C) and using the geared motor (D) to rotate
the shafts (1—4), which were connected by pairs of toothed wheels (E, F). Applying a torsional
pre-load was done by mounting a sample, closing clutch (B) and locking shaft (1). Using a spe-
cial device it was now possible to twist shaft (2), which applied a torsional pre-stress on sample
(A). The pre-stress was controlled using a load cell (G). After reaching the appropriate torsional
load the clutch (C) was closed and the pre-stressed system could be rotated with the gear motor
(D). Peening was done by using one nozzle with a pendulum motion along the sample axis. The
revolution speed of the samples was 125 rpm. The shot peened rods were cyclically tested under
pulsating torsional stresses with a stress ratio R = 0 and a frequency of 20 Hz. This was done
using torsional testing stands driven by servomotors [7]. The so-called step procedure [8] was
used to determine the fatigue limit using 20 samples for each condition.

Residual stresses in the 0°, 45° and 90°-direction of the specimen axis were determined
using the X-ray technique. Measuring in those three directions allowed to calculate the surface
parallel residual stress tensor, whose principle axis after stress peening and torsional loading are
at 45° and 135°. The {211}-interference lines of the ferritic phase were analyzed according to















