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Introduction 

The investigation was carried out to determine 

the effect of shot peening and superpolishing on the fatigue 

resistance of an SAE 4340 steel heat-treated to a hardness 

of C-34 Rockwell  (321  Brinell).  Rotating bending Krouse 

fatigue specimens of normal shape were tested  (a)  with  smooth 

machine finish;  (h) smooth machine finish and superpolished; 

(c)  smooth machine finish, shot peened;  (d)  smooth  machine 

finish, shot-peened and superpolished. 
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j_atcrial Studied: 

The steel used In these experiments was U 1timo-4, 

5/8-inch-diameter bars made by Atlas Steels Limited, Welland, 

iltarlo. The results of chemical analysis and tte specified 

range for SAE  4340 are given in Table I. 

TABLE I. -  Chemical Analysis. 

Specified, 	As 
SAE 4540 	Found  

-  Per Cent - 

Carbon 	-.
6 

 0,35-0.45 	0. 41 
Manganese 	-  0.60-0.90 	077 
Silicon 	-  0.15-0.30 	0.23 
Chromium 	-  060-0.90 	0.58 
Nickel 	- 1.65-2.00 	1.81 
Molybdenum  -  0.20-0.30 	0,39  

••■■•••••■••■••••■■-•:........• 

Rotatinr,: Lerdin Patue Tests 

The specimens were machined from heat-treated 

The ...:18-inch diameter bars. effective diameter c f  the 

fatigue specimen was 0.175 inch. Four fatigue determinations 

In. all were carried out  The  conditions in which the  bars 

vere  tested are described below: 

(a) Normal Krouse 2-inch-long x 0 0 175-inch  diameter 

epacimens  (as shown  in  Fiure 2)  were prepared wlth a smooth 

machine  finish. The  surface roughness was 0.00025  

11■IMMIIII■1MMMle 

UNPEENED  KROUSE  FATIGUE  SPECIMEN. 

(Approximately  2/3 size.) 

(b)  The  specimens were given a  superplish surface 

Note: All surface measurement made with a 
brush Surface Analyser. 



(iotatini; 2endinL; FatiL;ue  Tests, cont+d) - 

finish b;) the following procedure: 

i. Remove successive lathe cuts  (on the 

radius)  of 20, 10, 7, 4, 3 and 2 mils. 

U.  Remove 2 mils by polishing with  Armor' s 

abrasive grit ft-150. 

Remove 2 mils  by polishing with  Bohr-

Manning  emery paper, grit /t1. 

iv. Polish successively on emery papers 

Nos. 0, 00,  and 000, twice as long as It was necessary 

uo remove  the  scratches from the preceding paper. The 

material removed by these fine polishing papers should 

amount to  a total  of  approximate:ly 0.5 mil.  The sur- 

face roughness was 0.00004 inch. 

(c) The conditions of shot peening are given In 

Tabla III. Flgure 3 shows a normal  Krouse 2-inch x 0.175- 

inch  fatigue specimen after shot peening. Tho surface 

roughness was 0.00045 inch. 

ElEure 

SHOT-PEENED LROUSE FATIGUE SPECIMEN. 

(Approximately  2/3  actual size.) 

(d) The  superpolishing of the shot-peened speci-

m  ens was carried out as described in (b),  sections il,  iii 

and  iv.  The surface  roughness was  0.00009  inch. 

(Continued on next page) 
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No 

kpplied Stree,Js, Number 
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80,000 
75,000 
72,000 
71 000 
70,000 
90,000 

00,500 
401,0 400 
590,800 

10,056,400 
10,125,000 

161,100 

rffloks. 

No bra!J,:n 

Beok. 
O 

80,000 
81,000 
82,000 
8o,000 
85,000 
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390,000 

No br,lalz ° 
 n 

Broken 
5 
O 

Number of 
Ovel0s 

10,508,000 
11,254,000 
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555„000 
290 9 600 
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No break. 
Broke. 
Broke, 

e7, 

Applled 1)trosi4 

p .s.i. 

82,000 
03,000 
â'eURY 
n5,000 
90,000 

Too 
yr, 

1 
p 
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85,000 
88,000 
89 9 000 
UC7UUU 
95,000 

10,541,000 
11,601,000 
10,671,900 

694.600 
239,00 

No break„ 
n 

Broko, 
n 

1 
2 
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Results of Rotating, Bnding ratiuo,Toog 

(Krous'o Patiguo Spocimen$) 

Smooth Machino  Fi  uieh,  
'th 	2)d 

(a) 

(b) Unpeonod, Superpolishod • - 	. 	• 	..•• 

Applied Stress, rP ei3 t 
No. 

Numb ,er of 
C-voleDea 

• 
Rema.tm — — — 

• 

(0) Smooth Maohln,4,1 

Shot-roonod - 

(d) Smooth Machîne 
Shot Pooned and Su.oerporiehod 

Te,5At 
No  

Str, sfsl, 

„ 	- 

Number of 
Oveleei  Romark 

S-N fatluo ourves embodying the above  recuite  are ahown 
in Figure 4,  Pa uo 81 
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Heat T-ceatmontg 

The  stool bars 5/8 inh in diamator iee he2;at&1 

up t,o 1525' F. for 45 yenutes in a contrelled-atwoîThere 

furnaco, aad thon  quenched ln oil. Tho bars were thou 

tompored for 45 minutes at 1100" p o  

WiochErnical Proportie 

After the abovo haat treatment, the steel had 

'iâe following mechianical proprtïe8g 

TABLE 

 

il.  

Ultimate stress e  p..s.l. 	 - 	158,000 
e)Usid stress, -p.s.l. 	 - - 150,000 

Elongatlon e  % .41-emr-  
Redue tien  in area  per  cent 	- 	5900 
Brinell hardn(on (3 e 000-kg. load) - 321 
Rockwoll hardnesA (convrted)  
Diemaer of tonsils bar, Incho - 0,„282 

YIeld  0.2 por cent offset. 

MicrneopIe Fxn -foinetlop- 

Tho nital-stchod struiuro of thG steel aftGr 

being hoat treated to Rockwell G-M is shown in Figure 1, 

a photomicrograph at X1000 magnification. 

(Figure  1  :C 	ws,) 
( on Page r3„ 



icroscopic .xaminuljion., cont4c

X1000, etched in 2
per cent nital.

SAE 4340 STEEL.

Shot Peenin;^ Data:

Shot size
0penlnv of
shot feed

Shot type
Intensity
Covera6e
Portion peened
fiandlin6 under

blo.s t

Time of Exposure
Type of machine
Air pressure
Gear setting
;1eight of shot
per minute

SAE P-28.

1/4 inch.
Pangborn 'Nhite Iron Shot.
0.012°inch Almen Strip,
^,onsidered ample.
Test section only; ends masked.

Mechanically rotated at 286
r.p.m. and raoved by hand
longi tudinaî.ly .

1/2 minute.
Compressed air.
40 lb, (gau,re).
2 = 286 r.p.m.

980 gris.
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Summary_o:C_Fatigy,e_Tes,ts 

In Table 171 in given a summary of fatigue values 

obtained in this investigationpand also the  recuite  of 

similar tests conducted by U,S. Army Air Force, Material 

Command, Wright Field, on SAE x43eo steel heat-treated to 

Rockwell 

TABLE III. 

Fat4ue Stress, p0e  i.  
Wright _Field Bureau  of Mines 

Smooth machine finish 	- 
Superpolished 	 - 
Shot-peened 	 - 
Shot-peened and superpolished 

72,000 
82,000 
79,000 
69,000 

71,000 
02;000 . 
03,000 
09 .,000 

Discussion of Resultog 

The combined treatment of shot-peening and super-- 

polishing gave the most favourable results. This may be 

due to the reduction of stress-concentration Doints or a 

more uniform distribution of the compressive stress at the 

surface. The fatigue strength of superpolished and shot-

peened specimens is approximately the  came. It will be 

noted that the results obtained in these Laboratories are 

In  close agreement with values obtained  et  Wright Field° 
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