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Variability of a Shot Stream’s
Measured Peening Intensity

INTRODUCTION

A particular shot stream should always be
regarded as a combination of shot particles
carried along in a stream of fluid. The fluid is
normally air but is sometimes water and could,
conceivably, be any one of many other fluids.

Shot streams differ from one another in
terms of their average peening intensity. The
principal causes of this difference are generally
well-understood being: shot size, velocity and
density. An independent increase in any one of
those parameters will increase the average
peening intensity. The measured peening inten-
sity for one particular shot stream is not, how-
ever, constant - it is a variable quantity whose
variability is less well-understood. This vari-
ability of peening intensity — as derived from a
saturation curve - depends on three factors:
position, angle and time. A useful acronym to
bear in mind is “PAT”, with the P standing for
Position, A for Angle and T for Time.

Shot peening requires strict control of each
shot stream'’s peening intensity. This article
therefore attempts to explain how and why the
peening intensity of a particular shot stream
varies.

SHOT STREAM CONSTITUENTS

A shot stream has two basic constituents - a
fast-flowing fluid and entrained shot particles.
The combination of the two can be expressed
as a pictorial equation, see fig.1.

SHOT
STREAM

Fig.1 Fluid and shot constituents of a shot stream.

FLUID 4 SHOT =

The portrayal of a fluid shown in fig.1 is ideal-
ized. The shape of real fluid streams depends
on factors such as the type of propulsion -
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wheel or air-blast — and the particular variant
of propulsion unit being employed. With wheel-
blast equipment the air is not compressed so
that the shape of the air stream is largely a
function of blade design. With air-blast equip-
ment the primary factor influencing the air-
stream pattern is the shape of the nozzle.

A very important question is: “Which is
moving faster - the fluid or the shot particles?”
The answer is not immediately obvious. As the
particles leave either the nozzle or the blade tip
there are alternative answers. For suction-fed
air-blast machines the fluid (air) is moving much
faster than the shot particles as it emerges from
the nozzle. For direct-feed air-blast machines
the air is, on emergence, moving faster than
the shot particles and for wheel-blast machines
the particles are moving faster than the air
(which in this case is simply incidental rather
than the propulsive agent). Using a venturi-type
air-blast nozzle to induce supersonic air speeds
will mean that the emerging air is moving very
much faster than the shot particles.

VARIATION WITH POSITION

Peening intensity varies with position in a
given shot stream. This variation corresponds
to the unavoidable variation of shot particle
velocity with its position in the shot stream.
The governing factor is the “Law of shot stream
particle acceleration”. This law, stated in
words, is that “Any given shot particle will be
accelerated if the surrounding fluid is moving
faster than the particle, and vice versa”. Stated
as an equation we have that the accelerating
force, F, of the fluid acting on a shot particle is
given by:

F = K(vg - Vp) (1)
where K is a positive constant, v, is the velocity
of the fluid and vy, is the velocity of the particle.

If v is greater than v, then (vg - vp) is posi-
tive so that F is positive - therefore pushing on
the particle to accelerate it. If, however, vy is
less than vP then (vg - vp) is negative so that F
is now negative — meaning that the particle is
now pushing on the fluid and is therefore being
decelerated. The difference between v and vy,
(Vg - Vp), is the ‘relative velocity'.

A mental picture of equation (1) can be
obtained by using an analogy. Imagine walking
along a long straight road at a steady 5 kph
with a wind of strength 10 kph on one’s back.
There is now a force proportional to (10 - 5)
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trying to accelerate one’s forward movement. If the wind
dropped to 5 kph there would be no accelerating force at
all. If, further along the road the wind dropped to 2 kph
there would be a force proportional to (2 - 5), a negative
quantity, resisting forward movement and trying to slow
one down - deceleration.

The shot peening equivalent of this analogy is illus-
trated in fig.2. Air velocity and shot velocity are represented
as vectors so that velocity magnitude is indicated by the
length of each arrow. Bear in mind that the air velocity
decreases rapidly with distance from the nozzle.
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Imagine a shot particle at position 1 where the air
velocity is greater than the shot velocity. There is, there-
fore, a net accelerating velocity causing the particle to
increase its velocity. When the particle reaches position 2
the air and shot velocities are the same so there is now
neither acceleration nor deceleration. At position 3 the air
velocity has slowed down so that the shot particle is now
travelling faster than the air. This gives rise to a net decel-
erating velocity causing the particle to slow down.

A shot stream contains a vast number of individual
particles. Each particle will have a different relative velocity -
depending on its position in the shot stream and its own
size and shape. It should also be borne in mind that the air
flow at the outside of the stream is being slowed dramati-
cally by the static air surrounding the stream. Getting a
mental picture of the overall effect for all of the particles in
a given stream is very difficult. One analogy (conjured up
by the Annual Boxing Day Duck Race held in the author’s
home town) is of thousands of plastic ducks being dropped
into a fast-flowing stream of water. The water flow is fast-
est at the center of the stream and very slow at the banks
of the stream. As the stream widens the average water
flow rate decreases. An overall picture emerges of ducks
moving in a pattern that can be visualized. This pattern is
the same as the iso-intensity diagram shown for suction-
fed shot particles, fig.3.

The maximum shot velocity/peening intensity for
suction-fed particles occurs in the center of the stream at a
particular distance, D, from the nozzle.

Measuring the variation of peening intensity with
stand-off distance, D, for a particular shot stream, is fairly
straightforward. An Almen strip holder can be placed at
different measured distances from the nozzle/blade-tip.
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Care should be taken to ensure that the axis of the shot
stream always passes along the major axis of the Almen
strips. Full saturation curves can be produced for each of
several distances. Fig.4 shows an example of intensity
variation established for S170 shot, straight 5mm diameter
nozzle, 2kg/minute feed rate and suction-fed air accelera-
tion pressure-adjusted to give approximately a 10-12A
intensity. The most important feature is that a maximum
peening intensity, hyy, 44, occurs at a definable stand-off
distance - 245 mm for this particular shot stream.

At each distance from the nozzle the shot velocity/
peening intensity will also vary across the shot stream, as
indicated in fig.5 (page 28).

The measured peening intensity will also vary with
position of the Almen strips. A ‘High’ value will therefore
be obtained if the major axis of the strip coincides with the
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Fig.4 Measurements of peening intensity variation
with stand-off distance.
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! ! 1 Shot Characteristics.
Fig.5 Cross-section of shot stream showing Shot characteristics - average size, size distribution and
maximum Intensily at center. shape - vary continuously with time. Fig.7 is a schematic
representation of several factors that conspire to ensure that
every characteristic varies with time. These can induce
either long-term (slow), short-term (rapid) or instant changes
in a given shot stream’s intensity.

One example of long-term intensity change is that due
to shot wear. Gradual wear of the shot charge patrticles is the
simplest to understand. Every shot particle circulating in the
system will suffer wear. Over a long period of usage the shot
charge would eventually fail to meet specification size
requirements. Fig.8 (page 30) is an example of the effect of
long-term wear of S110 shot on average shot stream intensity
- assuming that all other parameters remain constant. A new
charge of S110 shot set to give a shot stream with a peening
intensity of, say, 11A might eventually wear down to a size
of S70. If no other peening parameters were changed the

central maximum of the shot stream. A ‘Low’ value will
occur at other relative positions.

Iso-intensity distributions vary with the type of shot
acceleration. With direct-feed air blast the air/shot velocity
difference at the nozzle is much smaller than it is for
suction-feed air blast. A different situation exists with
wheel-blast machines. Particles leaving the blade tips
are travelling faster than the blade-driven air (centrifugal
speed being added to the blade tip’s tangential speed).

This means that deceleration takes place continuously
after leaving the blade tip.

Measuring the variation of peening intensity across a
shot stream is experimentally difficult. An indirect estimate
can easily be obtained by measuring the variation of indent
diameter (indent diameter being directly related to peening  ° k ! - ! !
intensity). Measurements have been carried out that intensity would then be approximately 7A (imperial units). In
involved using a ‘sliding shutter’ between stationary Almen ~ Practice, however, peening parameters would be adjusted to

strips and a fixed air-blast nozzle. These indicated that the ~ take account of this size reduction.

indent diameter — and hence peening intensity - fell by M R e
some 30% between the center of the impact zone and its -KD{ P — pf& .
outside edge. This translates to a corresponding variability Yt —

to the peening intensity.

VARIATION WITH ANGLE

Shot particles striking a component other than perpendicu-
larly induce shallower indents. This means that the depth I/
of deformation is reduced with a consequent reduction in [ ] SHOT
peening intensity. Fig.6 shows an example of how mea- B CHARGE
sured intensity varies with impact angle. This phenomenon RE-CYCLING
has been described in detail in a previous article (The Shot
Peener, No.3, vol.19, 2005).

VARIATION WITH TIME

The measured peening intensity of a shot stream depends
on three time-dependent factors, each of which can have _
long-term, short term or immediate influences. These can B SR v 1
be categorized as: I
1 Shot characteristics,

2 Velocity control and Fig.7 Time-dependent factors affecting
3 Intensity measurement regime. shot stream characteristics.
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Fig.8 Effect of long-time wear on shot size
and induced peening intensity.

Shape change over long time periods is particularly
significant for cut wire shot streams. Cut wire particles
gradually become more spherical. This type of shape
change will be greatest for conditioned cut wire and least
for spherical-conditioned cut wire. Theoretical consider-
ations would predict that the measured peening intensity
of a given cut wire shot stream would therefore decrease
slightly with time - due to shape change.

Segregation induces short-term changes in peening
intensity. Shot particles seize every opportunity to segre-
gate - obeying the laws of physics. Several segregation
opportunities arise during each complete re-cycling of
shot. Natural segregation is represented in fig.7 as ‘band-
ing’ of the average shot size delivered to a shot stream'’s
nozzle. Forced segregation occurs by the act of replenish-
ment with new shot.

Fig.9 illustrates how short-term shot size changes can
affect saturation curve measurements. One particular
example of change, based on actual industrial experience,
has a ‘finer’ band of shot always being accumulated at the
feed entry region of the hopper. Thereafter ‘coarser-than-
average’ shot was fed into the nozzle. For that particular
situation the path of arc height change with peening time
would follow 0ABC. A whole range of peening intensities
could then be deduced - depending on the selected peen-
ing times. If, on the other hand the ‘coarser-than-average’
band of shot had arrived first then the path would be 0ODBE
- with different peening intensities being indicated.
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Fig.9 Schematic representation of shot characteristic
effects on shot stream intensity.
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Replenishment will give an almost instantaneous
increase in the measured intensity of a given shot stream
- equivalent to switching from the ‘finer-than-average’ to
the ‘coarser-than-average’ curves of fig.9.

2 Velocity Control
The peening intensity of a shot stream is directly related
to the average shot velocity, mass and diameter.
Equations (2) and (3) are empirical equations that indi-
cate the effect of shot velocity, v, on the peening intensi-
ty, I, that might be expected when using cast steel shot of
a given nominal size, S:
I = $*0.0036659(1 - exp(-0.010482*v)) (2)
where I is in mm and v is in ms~!.
and
I = $*0.00014432(1 - exp(-0.0031949*v))(3)
where I is in inches and v is in feet per second.

As an example, using S170 shot (S = 170) having a
velocity of 300 ft/sec (v = 300), equation (3) predicts an
intensity of 0.015". A 10% reduction in shot velocity (v =
270) predicts an intensity reduced to 0.014. Fig.10 is a
graphical representation of the variation of predicted
intensity versus shot velocity for a range of shot sizes,
obtained using equation(2).

Shot velocity is, however, rarely controlled directly.
Reliance is normally placed on maintaining either a given
air pressure or a given wheel speed together with an
assumption that the shot feed rate remains constant.
Unfortunately all three factors (air pressure, wheel speed
and shot feed rate) vary, to a greater or lesser degree,
over short-, medium- and long-term time periods.
Contributory factors include the fluctuating demands on
air ballast tanks, ballast tank pressure cycling, voltage
supply variations, deterioration of wheel blades and shot
supply pipes, nozzle wear and shot feed control pulsation.

3 Intensity measurement regime.
There is a range of time-dependent intensity measurement
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factors. These have been extensively documented else-
where so that they need not be described in detail here.
Long-term factors include ball wear and indicator drift.
Short-term factors include individual strip variation and
strip placement. These time-dependent factors can, how-
ever, be monitored if the measurement regime incorpo-
rates appropriate calibration test pieces.

DISCUSSION

This article should not be regarded as being either compre-
hensive or authoritative. The intention was simply to high-
light the fact that there are a large number of factors that
cause variability of any particular shot stream. Evidence of
that variability is experienced by every shot peener.

A recurring theme is that intensity control can be
made more effective if every peening intensity measure-
ment and set of machine parameters is stored in some
form of data base. Changes in peening intensity for any
given machine can then be assessed against the several
possible causes of intensity change.
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Name

Title

Company

Address

AUSTRALIA

Blastmaster

3 Bruce Avenue

Marleston, South Australia 5033
Telephone: 61 8 8292 2000
Email: sales@blastmaster.com.au

BRAZIL
Febratec Ind. Com. Ltda

Estrada Geral Porto Grande, 111 Caixa Postal 86

89245-000-Porto Grande - Araquari-SC
Telephone: 55-47-2101-0250
Email: tecjato@tecjato.com.br

CANADA

Manus Abrasive Systems
1040-78th Avenue

Edmonton, Alberta, Canada T6P 1L.7
Telephone: 780-468-2588

Email: tadmanj@manusabrasive.com

Shockform Inc.

10 Gaston Dumoulin, Suite 800
Blainville, Quebec Canada J7C 0A3
Telephone 450-430-8000

Email: info@shockform.com

Wickens Industrial Ltd.

8199 Esquesing Line

Milton, Ontario LT 6E7 Canada
Telephone 1-905-875-2182
Email: info@wickens.com

HINA
Beijing International
Aeronautical Materials Corp.
Rm 511, No 36, Xidajie Haidian
Beijing 100080, China
Telephone: 86-10-6254-6272
Email: biam@biam.com.cn

Beijing Microview Science and Technology Co.

10/F Building A Intelli-centre No.18 East Road
Zhongguancun Haidian District Beijing, China
100083

Telep}{one: 86-10-82600088
86-10-82600189
E-mail: fanzeng@microview.com.cn

Kunshan Spring Metal Material Co.
No.168, Xinjian Road

Shipai Development Zone

Kunshan City, Jiangsu Province
215300 PR. China

Telephone: 86-0512 57689518
Email:leo.ge@springshot.com.cn

PakPal Surface Technology

Liguang Industrial Zone, Guanlan Town,
Bao'an District, Shenzhen City, Guangdong
Province, China 518110

Telephone: 86-755-29815654

Email: info@pakpal.com.sg

CZECH REPUBLIC

Krampe CZ spol. sr.o.

Osvobozeni 234

664 81 Ostrovacice, Czech Republic
Telephone: 420-5 4924 5064

Email: info@krampe.cz

DENMARK
SONNIMAX A-S
Nyvang 3
DK-Middelfart, Denmark

City

State, Zip, Country

Telephone

Telephone: 45-6440-1122
Email: sonnimax@sonnimax.com

FRANCE

Sonats

2, Rue de la Fonderie - BP 40538
44475 CARQUEFOU CEDEX, France

Telephone: 33-251-700-494
Email: sonats@sonats.com

GERMANY

KrampeHarex GmbH & Co.KG
Pferdekamp 6 - 8

D-59075 Hamm, Germany
Telephone: 49-2381 977 977
Email: info@krampeharex.com

sentenso GmbH

Email Address

Fax to: (574) 256-5222

Mail to:

The Shot Peener

c/o Electronics Inc.

56790 Magnetic Drive
Mishawaka, Indiana 46545 USA
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Strahlpr
Sutumer Bruch 9

45711 Datteln, Germany
Telephone: 49-2363 360 69 88
Email: info@sentenso.de

HONG KONG

Asia Standard (H.K.) Ltd.

Unit 9, 22/F., New Trend Center

704 Prince Edward Road East, Kowloon,
Hong Kong

Telephone: 852-2321-9178

Email: asiastd@netvigator.com

INDIA

Mec Shot Blasting Equipments PVT. LTD.
E-279, M.I.A., Phase II, Basni P.O.
JODHPUR - 342 005 [Rajasthan] INDIA
Telephone: 91-291-2740609/2744068

Email: mecshot@sancharnet.in

Electronics Inc.
Shot Peening Control

MagnaVaIves® e Almen Gages ° Almen Strips ¢ Peening Products
Call the distributor nearest you for prompt and knowledgeable service on EI products.

IRELAND

Campbell Machinery Ltd.
Boghall Road, Units 26 and 27
Co. Wicklow, Ireland

Telephone: 353-1-2762506
Email: prc@campbellmachinery.ie

ISRAEL

TekTeam Ltd.

17 Hatasiya str.

Or-Yehuda 60212, Israel
Telephone: 972-3-6323576
Email: tekteam@tekteam.co.il

ITALY

Serim s.rl.

Via G. Agnesi, 61

20039 Varedo Mi Italy
Telephone: 39-0-362-581558
Email: renzo.giacometti@tin.it

JAPAN

Toyo Seiko Co., Ltd.

3-195-1 Umaganji

Yatomi-City Aichi 490-1412 Japan
Telephone: 81-567-52-3451

Email: toyo@toyoseiko.co.jp

KOREA

Alam Trading Company
824-19, Yeoksam-Dong
Kangnam-Ku

Seoul, Korea

Telephone: 82-2-565-1730
Email: alamind@hanafos.com

MEXICO

Equipos de Abrasion, S.A. de C.V.

Av. De Las Granjas No. 61 Desp. 3

Col. Jardin Azpeitia, Azcapotzalco

02530 Mexico, D.F.

Telephone: 52-55-5355-0947

Email: i i ion.com.m

NEW ZEALAND

Syntech Surface Finishing Specialists
12A Saunders Place, P.O. Box 19-341
Avondale, Auckland, New Zealand
Telephone: 64-9-820-2121

Email: sales@syntechnz.com

NORWAY

G & L Beijer AS
Lerpeveien 25

N - 3036 Drammen, Norway
Telephone: 47-3282-9080
Email: info@beijertech.se

POLAND
El-Automatyka
Handlowa 3

Rzeszow 35-109, Poland
Telephone: 48-178622 539
Email: el@pro.onet.pl

SINGAPORE

GT- Baiker Metal Finishing Pte Ltd
No. 10 Loyang Street

Singapore 508844

Telephone: 65-654-28993

Email: info@gt-ind.com.sg

SPAIN

Materias Primas Abrasivas SL
Calle Energia, 2 Cornella
Barcelona, 08940 Spain
Telephone: 34933-778-255
Email: mpa@mpa.es

SWEDEN

CBC Ytfinish Ab

Box 501

SE-442 15 Kungilv, Sweden
Telephone: 46-303-930-70
Email: Cbe.sweden@telia.com

THAILAND AND VIETNAM
Filtech Company Limited

11th floor Bangna-Thani Building
119/23 Moo , Bangna-Trad Rd. KM3
Bangna, Bangkok 10260 Thailand
Telephone: 66 2 3988169-70

Email: chartree@filtech.co.th

TURKEY

Millennium Industrial & Aerospace Supply
Ziyapasa Cad. Uzmez Sok. No:3

Eskisehir 26090, Turkey

Telephone: 90-222-221 3244

Email: info@milenyumhavacilik.com

UNITED KINGDOM

Craftlast Ltd.

2, Smithfield Close, Maidenhead, Berks
SL6 3XE UK.

Telephone: 44-0-1628-825363

Email: sales@craftlast.co.uk

UNITED STATES

Electronics Inc.

56790 Magnetic Drive, Mishawaka, IN 46545
Telephone: 574-256-5001

Email: info@electronics-inc.com






