
Comparison of the Residual Stresses Induced by Shot (Stress) 
Peening and Rolling in Spring Steel 

Today, reduction of weight o f  ~natel-ial is an actual si~llject i 11 wide areas of automotive and mc- 
cllanical engineering . Seve~xl possibilities are availnblc, like better utilization oC the ~~rntcrial by 
higher ha~.cincss or optimizing t hc const I-uctjon hy finitc clcments. Two furt11c1- possi bi litics arc 
rolling of co~l~ponents i t l~d  shot peenilig or the later cleveloped stress peening. Because i t  is pos- 
sible to jnducr compressive 1.esidui11 stresses in dedicatecl amo~ints, it is iisecl very often at tensi- 
le pulsating load to get a bcttcr utilization of the material. 'l'he two possibilities have diffcrcnt 
itdvantages. which are on the one hand cheaper realization and so huge an~ount of induced resi- 
dual st~-csses like vice versa. 

2 Basics 

2.1 Shot Peening and Stress Peening 

Shot peening is a 1e~hnoI~)gy~  ~ ' h i ~ h  is ;1 standard procedure. Pcening (in the technical under- 
s ~ ~ ~ i ~ ~ i ~ g )  is ~ I - l t ~ c ~ ~ { ~ ~ l - l  ~ ~ ~ ~ , ~ ~ 1 - 1  ;, paci;cjG (i,$ti{]i  {ieIe ~ i ~ ~ , e ~ s ~ p -  i-Iar&iess) -w-ii:-, ijie stiI-ca~e of 
a working piecc. If thc particles hnvc a round shape, yorr call it shot peening [Mii 9381. I11 thc 
surface layer (up to 0.5 131n-1 depth) compressive residual stresses are induced. At lower l~ardness 
of the working piece; in addition, hardening is achieved. In orctcl- to get bcttcs I-esults by the pee- 
ning prwess, the so called stress peening is used. Here the working piece or component is stres- 
sed in the dii-ection of the later loading. After this step the original peening procedure is done 
and afterwards the  inl loading. l'he cornpl-cssivc midnal  stress profile, which now is achieved. i s  
significantly higher tllm that gained by nonml peening. The result depel-~ds on the (torsional-) 
preload ( rks)  qcs during peening 11 - 121. 

2.2 Deep Rolling 

Deep I-olling can be regarded us a conlinuously ~ n a d e  plastic: deformation of material near the 
surface. In this procedure a tool (ball, profile roll) is pressed against the work piece with a spe- 
cial pressing force. Here the important parameters are the pressing force and the overlap. This 
stanclard procedure is described many ti~nes, for example in 11 3- 1 G I .  



3 Preparation of the specimens 

The specimens (the vaiucs ihr rolled parts are in brackets) were pieces of flat steel, which is 
normally ilsccl tor Ical'springs, I\! it11 a length of' 360 nim (360 mm), a widc of' 80 lnm (75  mm). 
and a, tliicia~css of I I mm ( 15 111iii). 'The edges werc romdcd in accol-dancc with DlN 59145. 
The matcrial was normal spring steel 50CrV4 (55Cr3). The specimens wcrc hcated up to XSO "(' 
and qi~enclieci in  oil to get n martensjtic str~ict~ire. Aftcl-wards, they were heat treated at at-oi~nd 
460 "C to get ri strength of R,,, = 1530 (1420) TY/nim2. T o  avoid sprends ol' the 1s:irdness i n  tlic 
iiri'ace layer hec;iilse of decarhusizntion, the \pecimens were ground lo remove a layer of' at 
least 0.3 mrn. 

4 Experirnen tal setup 

111 figiisc 1, the nlor~nti~lg device is ~ 1 1 0 ~ 1 1 ,  ill wiiicll [lie ulnple Lire p ~ ~ t  I'm the l'ui-[hcr working 
steps. The sample c o ~ ~ l t l  be loocleti, which is not l l o w ~ i  in the fjg~ire. The shot or stress peening 
was done with the help of illis tlcvicc. As sliot. conditional cut \vise with a nomii~al diameter of 
0.8 IIIIII was iiscd. The peening was clone in a shot peenci- with four wlicels i n  dilTcrenl dircc- 
lions. 

r 7 l o  verily ~ l i c  cn1cul:rtccl ioiding stl-css in every scqucnce, :in additional step of lo ;d inp/~~n lon- 
ding is ~nsertetl. A fter each .;tep, the st]-csses at the sui-face were measul-ecl along anti perpe~icti- 
C L I I X  10 [lie axis o f  the pccimens. The following hasic sequence was ca~ried out:  

1 . i 11 itial slate, heat t~-eatect, 21-oulicl, unlo~lt.ct 
7, speci~nen piastitied at  the calculated srress q, = I SO0 NJI I I~ I '  

3. loaded specirne~i witli the calculated stresses q,, - 0: G O O ;  1200; 1600 ~ i l n r n '  
4. specimen unloacted 

'I'lie otlicr spccimciis wcrc sollcd witli the hclp of n device typ FIG 6-9 lj.0111 Ecol-011. It has a 
l~n~.dmetal ball 0S (7 mni ciiai~ietel-, ~/liic11 was used to induce the residii;ll stresses. The pressure 
was p - 300 bar or 17 = 380 bar. The distance bet\veen the diKesent rolling tracks wils 

b r  = 0.02 111111 ( ~ n l y  300 bar); b r  = 0.15 i l m  and br = 0.25 lum. The rolling area w:i 
55 mm x 55 rlmn and was rolled i n  the way of a meander, 

4.2 Measurement of the Stresses 

With thc help of an X-ray dilh-acto11iete1- (type Rigalcu Strainflex MSF-2M) the sti-esses were 
c1ete1-mined. It was usccl us ail Il-goniometer \villi Cr-I<,-radiation. I11 this case the distance bet- 
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ween the / h,k,l ]-layers [?, 1 , I  J is i-ncasured. The diarneler of the X-ray spot on the su~facc  was 
7-8 mm. The determination was done with [he help orthe sin2\/, - 2 0  -method j17-191. 

5 Results 

5.1 Stress Peening 

In Figure 2. the residual stress profiles up to a depth 0f.0.5 mm arc sliown in dependence of the 
(pre)load during peening. Yoii obtain the typical distribution, acliievcd by Hertz pressure. The 



maximum o f  the compressive residual stress is at a depth of around 0.15 mil. Without any prc- 
load, the I-esidnai colnpressi\!e stress at the surl'ace lxis 21 value of a- 51 0 N/mrn?, which incrca- 
ses to a irraximurn of ural-ly 0 = 700 N/mm2 below the surface. Up to a depth oi' 0.2 nim, thc 
stress peened samples show con~pressive residical stress profiles with stress valt~es around 400 
Nlrn~n' higher than that of  the not p1~clontled specimen. At n cleptli of 0.45 lum, the amount of' 
residual stress is tluc to the plastiiication of the snmples before peening. 

t 

P = 300 bar 

Figure 3: Djflcrcnt rcsidual stress profiles induccrl by dccp rolling 



of aroi~nd 0.75 mm. The higher pressure shows n slightly higher compi-essive residual stress and 
the nearer the tracks are the less co~npressive residual stress is induccd along the rolling track. 
The residual stress along thc rolling track has ihc typical profile of Hertz pressure, whereas per- 
pendic~ilar to the rolling track, thc m m i m ~ ~ m  of the compressive residilal stress is at the surfxc. 

5.3 Comparison between Shot Peening and Rolling 

The residual stress distribution at thc s~~r fnce  shows a similar shape between stress peening and 
deep I-olling. Along the main 1o;lciing strcss during peening receptively pespenclicular to the 
rolling track thc highest compressive resitlual btresses ase achieved (scc figure 4). For deep 
solling, the compressive rcsic1u:ll strcss perpenclicul;~ to the track is slightly higher th:m the 
compressive residual stress achieved by stress peening along the bending disection. In the two 
corresponding other directions the compressive residual s t r c s ~  is higher. 

Figure 4:  Compasiso~l of' the residual stress (1ist1-I b u l i o ~ ~ ~  111 the sur-fact due to deep rolling and stress peening 

Ileep solling and strcss peening give simi1;u sesidu;tl stress distributions at the susfacc. Deep 
sofling gives a more  asymmetrical distsibi~tion. The compre.;sive residual stresses after dccp 
1-ol1ing are higher and deeper than nf'ier stress peening. However, under economical aspects. 
deep rolling is more expensrve. 
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