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improvement of a fatigue strength by power brushing and a con-
venient effect of a cowbination of power brushing and ghot
neening .

SHOT PEENING
Test Pieces

The repeated plane bending fatigue test using specimens of
Sehenck type(Fig.2), of which the thickness is 3.0mm were done.
The material is tool carbon steel No.5 (SK5) on the market and
the chemical composition is shown in Table 1. The specimen is
not heat treated according to a standard insbructiocn, but the
heat treatment consisted of 860°C/0ill quenched and 400°0/70min/

water cooled in succession, As a result, the surface roughnes:
is intentionally made coarse, so that the effect of shol peenin
or power brushing way be seen more clearly. In the other test
the same teal pleces were uped.

Table 1. Chemical composition of SK5

m P
fest resulbs
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Fatigue strength of shot peened W%, 0.79 025 041 0.087 0.008
specimens is shown in Table 2, -

Table 2. Fatigue strength and its improvement

+
Surface Treatment Are Halght i;%}g:g(ﬁ%ﬁngth Impro;amen
As heat treated p—, 28.5{279) J—
Shot peening Projscted walght
Shff.: SBg tor 0 ) of shot, in g
mean diameter O.%mm
Peripheral speed of 2700 0.200mnh 45.5(446) 5%.7
tmpeller L0m/ 8 760 0.200mmA  43.5(426) 52.6
Fower brushin @ .08 . K
e oms Vﬂ1gm/s and. Sum 0.053mmN  45.5(446) 59.7
1=0, 8mm, te15min d=0 . Tnn 0. 058nal 40.0(3%2) 40,4
where peening conditions are written, in Fig.3 are shown the
3-N diagrams of un-peened and shot peened specimens, Except

the case in which arc height is lower, an increa
strength of about 60% is obtained by shob peening.

of fatigue

POWER BRUGHING

Apparatus of Power Brushing

Many stainless steel wires were bundled in radial direction in

a disec form, and thig elewent was named "disc brush", A disc

brush is driven by a molor and finishes a surface of a speclimen
The apparatus designed and made for this experiment is shown in
Fig.l. Tt shows power brushing processing pf a speclwmen. a

specimen is held on a moving device which reclprocates both in

vertical and horizontal directions simultaneously by two motors
and is brushed uniformly all over the surface by rotating disc

brush. The diameter of the disc brush is 160mm and the peri-

pheral speed is Gm/sec~10n/sec.
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Fig.2 Dimensions of fatigue test

Fig.1 Schematic representation specimen of Schenck type

of power brushing apporatus
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Table 3. Surlace roughness of X- and Y-direction
e Rmax pm Rz pm Ra  pm
Surface  Treatment X Y X ¥ ® Y
Shot peening Shot peened all over 224 201 218 173 379 363
not peeted part, 1 mm width 218 218 182 189 334 359
Power brushing  Prushed all over 8430 9.00 7.30 0 750 186 101
Power brushing after shot peening 786 7.80 624 6.60 1.6 1.68

Power brushing of not peened part 133 140 1.0 110 i82 178
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Tmprovement of Fatigue Strength by Power Brushing

In Fig.4 are, also, shown results of fatigue test that were ob-
ned with brushed specimens under the optimum wire brushing
itbion which was presumed based on experience up to the pre-
sent, among Lthe ones shown in Table 4. The touch and approach
anee in the Table 4 means the length that the disc brush is
forced to meve so as to presse agalnst the specimen, after the

y of the disc brush touches, From ¥Fig.4, 1%t can be

t a preocessing of power brushing alone, also, hag the
bent of Improvemenl as shobt peening.

sSame ex

§504
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Table 4. Conditions of power brushing 500 ‘Esow 2 k
&=
Material of wire, M Stainless steel g‘ 2 £, [ !

- - : 50 45 ’ ' + ) i
Diameter of wire, ¢ mm 0.5 6.7 w © i " "
Length of wire, L mm 30 2400 o k E [ ;
Peripheral speed, V mfs 10 2 2
Touch and appreach distance, 1 mm 0.5 m350 & I
Duration time of brushing, t min 5 35

300 3o
£ S T W
. 10 3 10
g: gg iieat trgated Number of cycles to tailure, N
H ot peene Fig.4 S~N diograms ot 1 i
Shot: SBS Qrams ot specirnens variously treoted

Peripheral speed of impeller: 50m/sec
Projected weight of shot: 2700g
C; Shot peened
Shot: 8BS
Peripheral speed of impeller: 50m/sec
Projected weight of shot: 700g
Dt Power brushed
d=0.5nm, L=30mm, V=10m/sec,
1=0.5mm, t=15min
E; Powsr brushed
4=0,7am, L=30mn, V=10m/sec,
1=0.5%sm, t=1%min
Note: The plots are omitted to avoid
confusion due %o scattering,

Takble 5. ¥Fatigue Strength and its improvement (Combined
Frocessing of shol peening and power brushing}

Mo, of Projected welght Diameter Length FPeripheral Fatigue Strength
experiment of shot, in g of wire of wire speed kgi‘?mm‘ (MPa) Improvement
d mm L mm V om/s %

i 2700 0.5 30 10 20 {490 5.4
2 2700 0.5 10 5 51 {500 75.0
3 2700 0.3 30 ] 49 2480 7.9
A 2760 0.3 10 10 £9 480 Tt.9
5 700 0.5 30 5 48.52475} 0.2
& oo 0.5 10 10 49.5(485 737
7 700 0,3 30 10 48.5(475) 70.2
& 700 0.3 10 5 46 (451) 61,4
Ais heat treated 28.5(279) w—
Note: 1. BShot peening: SBS, S0n/s Powsr brushing: 1=0.%pm, t=15min

2. Arranged with orthogonal srray Ly




COMBINATION OF SHOT PREENING AND POWER BRUGHING
Test Resulls

It would be expected larger improvement of fatigue strength by

power brushing in addition after sho® peening. Then, they have
tried experiments to know the effects of combined processing.

A are known in Table 5, the projected welight of shot is con-
sidered for an experimental factor of shot peening, and the
eother three factors, thal are wire dismeter d, length of wire [
and peripheral speed V were adopted in regard to power brushing.
The number of level of each factor was all two. Further
the orthogenal array Lg was used for design of exper
investigate the effect of combinations of three
the same Tabls are shown the fatigue strength of each test and
the rate of improvement of fatigue strength based on the one of
the spacimen which was only heat treated and not shot peened.
Although the significant difference was not found from thege
results, wire diameter was presumed Lhe most important factor
that influences on the fatigue strength, together with the pro-
jected weight of shot. Particularly, 1t remarkable that
the rate of improvement is 79.0% in case of experiment 2

.

Regidual Stregs Distribution

. L ~800F b

Sinece the fact that the same extent \

of improvement of fatigue slrength ) {a) Sl peening
by power brushing slone as shof 800r  .goll (5} Powes brushing
pecning, as stated above, was in- . /' (€) Srot pesturg e
ferred from & residual stress cau&edm%co E_ i)

by the processing, its dis ubion % ?-m

was measured by X-ray diffraction ¢ c .

and shown in Fig.5, as (a). ‘9=300F T -30)

ixamples of a distribution of resi- § @ \ @

dual stress (b) caused by zhot iﬂom 2 o]

peening alone, and {c¢) by combined é Euwﬁw\

precessing are, also, sghown in %the § 8

cama 3 ; - o Cor = & IS

same Figure. Comparing these two -100 . Y

results, (a) and (b), with each \

gth@r, j?_is noticed that, a}tbough ok o h\t J\

hoth residual stresses are similar- e, 0
1y compressive, the absolute vaius °\>&

of maximum peak stress i1z lower noor - or . o,
than that of shol peening. The 0 0BT 62 B3 04 05
fact that the improvement of Distance from surface in mm
Fatigue strength is nevertheless Fi Distribution of residual stress
the same exbtent, lg supposed Lo Ig. 5 caused by various surface treatmert

be due to the favorable effect of

residual compressive stress and, besides, the reformation of
surface roughness by power brushing. Furthermore, it is re-
cognized that the shape of distribution {(¢) shown in the same
Figure, which is in case of combined processing of both cnes,
is gupposed as 1f the distribution of each case, (a) and (b},
were superposed, and the absolute value of the siress in the
peighbourhood of surface was raised and the position of peak
stress was shifted to the free surface, This was supposed as

]
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Table 6. Conditions of surface treatment
Shot peening Shot {(mean diameter) SB5 (0.5mm)
Peripheral speed of impeller 50m/s
Projected weight of shot 2700 g

Power brushing

Material of wire, M

Stainless steel

Diameter of wire, d mnm 0.5
Length of wire, L mm 30
Peripheral speed, V m/s 10
Touch and approach distance, 1 mm 0.5
Duration time of brushing, t min 15
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