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Usefulness, 'EHectiVeness, and Process
Technology of Glass Bead Shot Peening

By Gerald P. Balcar, and W. Earl Hanley
Potters Industries, Inc. and The Ballotini Group, S.A.

Steel shot peening as a means of developing sub-
stantially increased fatigue resistance through the cre-
ation of a layer of residual compressive stress on high
performance alloys of steel, aluminum and titanium
was introduced in the 1930's by Almen, Fuchs, Matte-~

" son, Straub, and others.! Specific apphcatnon of the
- process to the aircraft industry, and its importance as

a means of preventing stress corrosion has been re-
. ported by Moore, Kurz, Suess, Noble, and others.? The
- purpose of this article is to up-date the knowledge of
» the use of glass beads as a shot peening media with

advantages they may offer to increase design capablhty

+and to develop more economical peening processing.
It was Noble? who first proved the value of glass

g _: beads as a shot peening media with two specific ad-

?vamages He used them at a variety of intensities on
alummum surfaces to avoid the necessary passwatlon
i sféel shot, and he established that glass beads could be
used to peen relatively delicate parts of narrow dimen-
slons or with fillet areas of narrow radii with maximum
‘dontrol of results. He demonstrated that glass beads

* -.could serve as a shot peening media quite different in

- characteristics from the traditional steel shot.

;.

v Figure | is a simple comparison of the chemical
and physical properties of glass beads vs. steel shot,
Wlnch may be the first indication of their usefulness
as 2 peening media.

— In terms of density, soda lime type glass is nor-

. mally 2.5 grams per cubic centimeter vs. steel with 7.2
¢ grams per cubic centimeter. Useful intensities can beé ob-

‘ © tained with glass beads since beads, being lighter, ac-

AT -_‘

- Celerate to higher velocities.
When you compare chemical characteristics, you find

. Steel is reactive in conventional corrosive environments

. while glass is virtually inert, reacting readily only

g, *. With hydrofluoric acid as indicated. In applications in-
L Volving aluminum by using glass bead peening to avoid
.. Passivation, there can be significant cost-savings.
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Normally, pre-blasting is not necessary to insure ade-
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COMPARISON OF CHEMICAL & PHYSICAL PROPERTIES

Figure 1
Glass Beads Stee! Shot
Hardness Rockwell C 46-48 Rockwell C 40-50
Specific Gravity
(gm/ecd) 2.45-255 7.0-7.2

Chemical durability in NS0 H.SO; ot reacts readily into
90°, 24 hrs. max. oxides, sulfides, ha-
.03% extracted lides etc. and with
ocids.
Max. size in

-commercial stock approx. 5-6 mm. 3-4 mm.
Min, size in
commercial stock

20-40 microns 110-130 microns.

quate uniformity of total mass and fracture resistance
of shot material. The smaller sizes and lower density of
glass beads make possible their use in peening cutting
tools, punches, and other sharp-edged surfaces which,
in certain circumstances, can increase tool life.# Fur-
ther, their lower density is easier to control at low in-
tensities and is insurance against overpeening.

GLASS BEAD PEENING INTENSITIES

Matteson® with the objective of showing the satura-
tion intensities that might be achieved in shot peening
in favorable circumstances, used a % in. direct pres-
sure straight bore nozzle and a suction-induction system
with a %% in, nozzle and ¥4 in. air jet.

Figures 2 and 2A show the intensities which have
been obtained with various diameters of beads with the
suction-induction system. Figures 3 and 3A those which
were achieved with the direct pressure system.

Figure 4 is a table for comparison listing and of
the nominal masses and the range of masses of the
nominal particle sizes. Ritter® prepared this information
and it serves as a background to the effects of the
two exponential functions that come to bear in shot

MVvz

_peening. Of course, the function I or K equals 5

is fundamental. It is, however, important to note that

3




ﬁ H
‘;h . 3 d ]
.l-‘u L R O

ar 2=

2
I
[
2
it

[l - EE'CI TR M)

» T

it

= 4/3 7 R? x 2.5 or the specific gravity in gm/cc?.
The variance between the weight of the individual
particles or each nominal range serves to show the ef-

TYPICAL PEENING INTENSITIES
DRY PEENING WITH BALLOTIN
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fect of the exponents to the 3rd power on the mass of
particles and thereby on the peening intensity which is
obtained.

Once again, it should be emphasized that the purpose
of these tests were to generalize the peening intensities
that could be obtained with glass beads to provide
guidelines for testing of specific machines or applica-
tions. It should be noted that similar nozzle and air jet
sizes would be necessary to duplicate these intensities.

GLASS BEAD PEENING RESULTS

Noble” reports a series of tests showing the results of
glass bead peening at various intensities on surfaces of
various hardnesses.

Figure 5 demonstrates the depth of residual compres-
sive stress after peening with glass beads nominally
.015 ins. (380 microns) in diameter, This was done by
determining arc and stress characteristics of samples
after the removal of gradients from the surface by etch-
ing, The hardnesses shown are RC 40 and 60. The arc
heights are .022N and .018N, These curves are known
as “typical stress gradients.”

Figure 6 is a stress gradient on a Rockwell C 40 sur-

Figure 4
COMPARISON OF NOMINAL SIZE RANGES OF GLASS BEADS %
COUNT

Bea
COWEIGHT e
MICRONS  micrograms  milligq, ™ |
841-595 272765 %
595.420 96212 3
420-250  20-96 13
297-210 12-33 2.
250-177 7220 3
210-149  4.2-12 8
177-15 25712 10¢

S1ZE US. Sieve INCHES
20-30 0331-.0234
30-40 .0234-.0165
40-60 .0165-.0098
50-70 0117-.0083
60-80 .0098-.0070
10-100 .0083-.0059
80-120 .0070-.0049

R=—TOMMOO P

100-140  .0059-.0041 149-105 1.5-4.2 180
120-170 004%-.0035 125-88 .89-2.5 302
140-200  .0041-.0029 105-74 33-1.5 514
170-230 .0035-.0025 88-63 32-.89 854

face. This indicates the depth of stress achieved at the
indicated intensities. ‘

ECONOMICS OF GLASS BEAD PEENING

Because of the material characteristics of glass, impact 5
consumption is a consideration in the use of glass bead |

DEPTH INCHES
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TYPICAL STRESS GRADIENT CURVES OBTAINED
ON 0.2 in. THICK SPECIMENS AFTER
BLASTING 10 SEC.

spec1f1c almen peenmg intensity; second, the 51zc ofs
glass bead material being used (i.e. diameter or mass)
third, the hardness of surface. A fourth variable exist§
in the nozzle angle which we have studied in isolateds
tests. Indications are that impact consumption may bé
reduced by use of a reﬂecung nozzIe angle which Wi

TYPICAL HEIGHT VERSUS DEPTH
OF STRESS AT Rc40 (BEADS)
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reflection of glass particles back into the nozzle stre

In order to reduce the complexity of the testing
adopted the 90 degree angle as being the one moS
acceptable in shot peening processes.

METAL TREATIN



E To establish a universal quantity of impact con-
‘qumption We adopted the term “percent per cycle”
"which is a figure that can be multlp!led by any feed
qate to create an estimated consumption. To illustrate

ow we arrive at the “percent per cycle” tal_(e a flow
rate of 100 lbs. per hou_r through a nozzle with a per-
cent per cycle consumption of 3 percent, the consump-
tion would be 3 lbs. per hc_nur. If the flow rate is 500
bs. in @ multi-nozzle machine the “percent per cycle”
consumption would then account for a use of 15 Ibs.

r hour.

The tests were based on blasting in specific condi-
tions with carefully controlled cycles. Consumption was
defined as the increase of material passing the bottom
screen of the nominal size range or the increase in
material that was smaller than the smallest screen open-
ing of the nominal size range.

Testing of particle size before and after blasting was
controlled. Samples were carefully slit with Tyler 16
to 1 or 1 to 1 sample reducers according to the methods
which give a statistically representative sample. All size
testing was done in duplicate. Consumption testing was
also done in duplicate and the results averaged. Follow-
ing the test all material was withdrawn from the gen-
erator and the dust bags were cleaned with the ma-
terial in them added to the test charge. Any loss or
gain in material was recorded and calculated into the

findings. Figure 7 shows a summary of impact con-
" sumption for the size ranges of glass beads for inten-
* sities for which they would be normally used. The figure
- represents an average of four cycles. Consumption may
~ vary during individual cycles.
.i;* Figure 7 A shows the impact consumption data we
~"have observed at a 60 degree angle, for some of the
“intensities and hardnesses in figure 7 are lower. In
Feach casc blasting pressure was increased to reach the
' “same arc height with the nozzle 60 degrees to the al-
“men strip surface, A 10 in, distance was used at both
-angles.
j" This data should be used as a general indication only.
*Normally we recommend individual tests of specific
~applications for more exact data. From the general
“eurves, however, it can be concluded that the harder
the surface the higher the consumption of glass beads
is likely to be at a given intensity. It is also evident
that larger glass beads appear to consume less rapidly
than smaller glass beads at the same peening intensity.
Generally the actual consumption normally is less than
gc theoretical 90 degree consumptions given here be-
“fause blast angles vary on parts of varying geometry
and because partially consumed material is included
In the active charge, this reduces the flow of active
- - material. Of course, the total economics of any process
-must be judged by the cost of subsequent operations
-and the total savings or total value that can be realized
~9Y use of glass., In general, the consumption cost of
5!385 should be compared against the cost of passiva-
“Yion or sybsequent treatment that might be necessary
With other media. Any value that might be ascribed to
.~ more attractive surface which results from glass
. 2¢ad blasting should aiso be considered.
2 Of course, sometimes the consideration of fillet
Jad“ls; requirements for low intensities; for particular
Surface finishes; to avoid metal removal; or to avoid
“ to cutting edges would indicate the use of glass

m
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Free
Zoned-
Atmosphere
Carburizer
Bulletin

Unprecedented ease
in uniform carbon control

A Surface Combustion zoned-atmosphere
carburizing furnace offers three-way
superiority: precise carbon contrel of variable-
density parts, simuitaneous processing of
multiple carbon depths, and low cost.

Details described in our recent bulletin,
“Surface Zoned-Atmosphere Carburizer”
(Builletin SC-190). Free. Write 2375 Dorr Street,
Toledo, Ohio 43607,

SURFACE COMBUSTION DIVISION

Midland-Ross Corporation
For further information circle No. 3

neler tabrications / fixtures

 COST LESS

PIT TYPES

PLATING TYPES

BELL TYPES SALT TYPES 3

s fletorts o Grids o Trays e Muffles » Boxes
+ Tubes o Barrels e Screens e Etc.

LET US PROVE IT TO YoU!

- Write, Wire, Phone

: N 16 Mason St.
? f é{%@@ mfg. 0, Bridgeport, Conn.
3 06605
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Free
Continuous|
Furnace
Bulletin

Sinter or braze with
precise repeatability . . .

That's what you get with a Surface standard rated
continuous beit furnace. For annealing, brazing
or sintering, you can rely on fast cycle change,
assured repeatability at any desired temperature,
temperature precision to =10°F. Features, appli-
cation examples and specifications are described
in our recent bulletin, “Surface Standard Rated
Continuous Belt Furnaces’’ (Bulletin SC-197).
Free. Write 2375 Dorr Street, Toledo, Ohio 43607.

SURFACE COMBUSTION DIVISION
Midland-Ross Corparation
For further information circle No. 5

LoTemp — Low Cost.

Harris LoTemp Industriat Freezers are the finest
engineered and manufactured units you can buy
at any price. And any price means low cost
models t00.

For shrink-fitting, freeze hardening, stabilizing,
environmental testing, calibration, processing.
storage or taser cooling, Harris makes the top-rated
line for top performance anywhere.

Just because Harris makes the best, don't
assume the cost is toco high for your budget.
Call in Harris and find out that top engineering
means top cost savings too. For further informa-
tion call {617) 864-4000, or write:

LoTemp

Harris Mfg. Co. Inc.
308 River Street
Cambridge, Mass. 02139

For further information circle No. 6

Figure 7
GENERAL DATA ON CONSUMPTION OF GLASS BEADS
IN SHOT PEENING
90° Angle Nozzle -
Impact

Blast
Almen Rockwell Pressure  Per Cycle fo
Intensity Size Hardness (direct) P.S.l. Four Cycleg
.007 N. K(170-230) 548 32-37 1.33
758 1.95
30C 4.40
s0C 557 7]
H (100-140} 54 B 20 1.83 %
758 235
30C 3.83
50C 5.58
.004 A H(100-140) 54 B 45 5.65
BE 572
30C 9.50
50C 13.27
.008 A B (30-40) 548 12V 115
758 1.45
30C 253
50C 8.75
012 As B(30-40) 548 31 3.88
58 4.48
30C 7.28
50C 13.30

Figure 7A

COMPARISON OF 60° AND 90° BLAST ANGLES
FOR IMPACT CONSUMPTION

(nozzle distance in 10”)

S0° Angle 60° Angle
[ = [ o
LS 2pts 2els
£ v v%9 o Feo® wo Fegd
§E 2 s 2% 330V 2¥- 390
ES te TES 9£ 29,5 554 E5.5
<= 23 ATE &% S<d8 £3a. S<fl)
007N H(US-100-140) 548 20-23 183 26-27%2 1.13 :
758 235 1.01
938 251 2.03 §
30C 3.83 251 3
50C 5.58 3.5t 3
004A. H(US-100-140) 30C 45 9.50 722 547 %

beads as well. In these cases, the consumption data
serve as bench marks for estimating cost of medl
consumption.

OTHER PROSPECTIVE BENEFITS

face directly increases resistance to cyclic fatigue.
In order to investigate the surface finish to intensityge
relationship we have gathered isolated tests made a

sizes of glass beads. The results for one surface are il
Figure 8. Unfortunately, the data js isolated and th
creation of generalized RMS information remains to D&
done.

The possible superior effectiveness of glass beads i

METAL TREATIN
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.+ blishing greater fatigue resistance remains to be
“died in greater detail. There is, however, “sufficient
widence available that merits the testing of glass beads
in applications using intensities of less than .0121.5; to
Jeterniine what economic advantage might be gained.
Glass bead peening may also be used as a means of
ivation of aluminum. Our tests have shown that
ireatment with glass beads will leave no residuat ferrous
material on an aluminum surface after normal blasting.
This was accomplished by subjecting blasted surfaces
(with glass beads) to salt spray testing to determine if
corrosion Spots would appear.” This further supports
the proposition that they can be used as a basic peening
media without need of passivation for removal of con-

tamination.

OVERBLASTING WITH GLASS BEADS

In line with the consideration of surface treatment,
we have also obtained information regarding the pos-
sible advantages of the reduction of surface of steel
shot peened aluminum where intensities needed or other
considerations require the use of steel shot.

Figure 8

TESTS OF SURFACE FINISH (RMS) AT PEENING INTENSITIES ON
2024 T-3 ALUMINUM

{Hardness: Rockwell B 76 from original surface)

BEAD SIZE INTENSITY RMS
B 010-.012 Az 160 +-
B 1008-.010 Ay 100 — 125
D 1005-.006 Az 130 — 150
c 1004-.006 A> 100 — 130

! Barton!” reported the benefits of overblasting peened
Jtitanium surfaces from the point of view of increasing
fatigue life. Also, when peened surfaces will not meet
RMS requirements for aerospace standards often over-
-peening will accomplish it.
"2 Figures 9 A, B, and C show our isolated tests of
'gpecific circumstances for the reduction of RMS or
imicro-inch of §hot peened surfaces. In this data it is
interesting to note that similar surfaces may be ob-
lained even with the different sizes of beads by varying
the velocity of air pressure to retain the same over-
pecning intensity. Under certain conditions you can
simplify two-step operations and do them in one ma-
chine with the same size of media.
rFurther, overblasting peen-formed surfaces improves
surface appearance and develops resistance to stress
vorrosion. This is practiced by the United States Navy.11
'PF?;ﬂlng of surfaces generally with glass beads will in-
;blt stress corrosion.?

¥
PROCESS MANAGEMENT

=% In dealing with the questions of peening intensity or
,.,‘_the development of specific surface finishes maintaining
. Teasonable sphericity in the glass bead active charge in
}:blasting machine is perhaps the key consideration.1?
: It is necessary, as impact consumption occurs to re-
Move broken particles with a minimum amount of
. Spherical particles coming with them. A maximum
fount of S per cent broken particles is all that is al-
“OWed by most specifications in peening operations. The
;eﬂ?Ct of the broken particle is to change the surface
- -anish, especially on non-ferrous metals.
- As angular particles build up and become part of the
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Problem:

Parts failed in service. The metal
contained un-transformed
austenite, residual stress and
lacked the necessary toughness
to do the job.

Solution:

CINCINNATI SUB-ZERO -
designed an uitralow
temperature, industrial
chamber for metal treat-
ing. The low temperature
modifies the grain structure
to 97% martensite, relieves
heat treat and quench stresses
and increases hardness for longer
use-life.

CINCINNATI

SUBCZERO

Let us help soive PRODUCTS INC.
your problems. 2612 Gilbert Ave., Cincinnati, O. 45206
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WATER SAVING

WITH TROUBLE-FREE
COOLING EQUIPMENT
s NIAGARA
Aero

HEAT
EXCHANGER

Convenient
Units Up To
30,000,000
BTU Copacity

o e e R =4

Cools your jacket water for engines ¢¢ process equipment or
electric apparatus. Your closed system keeps free from dirt
or maintenance troubles. You can cool air, gases, chemicals,

uench baths, platin baths, welding machines, extrusion an

gmwing machines. You get real precise temperatufes, save re-
jections, lower production costs, Use NIAGARA AERO
HEAT EXCHANGER cooling with atmospheric air . .. saves
water, pumping, piping and power; quickly saves its costs.
Write for Bulletin No. 161.

NIAGARA BLOWER COMPANY
Dept. MG-2, 405 Lexington Ave, New York 17, N, Y.
For further information circle Neo. 8
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POCKET-SIZED BRINELL HARDNESS TESTER

Completely reliable inspection tool for field and
factory use. ldeal for checking hardness of mas-
sive or complex castings and forgings. Widely used
in Eurcpe and now available in U.S.A.

standard test bar, calculator

$85.00 :

BARWORTH FLOCKTON, LTD.

6526 Lindyann
Houston, Texas 77008

including tester, brinellscope,

For further information circle No. 9

for automati

atmospher:
control

electronic cahbratlon:o
recording & control o
fast response e
portable )

~100°f (1 ppn?J)
to +200°f

151 Bear Hill Road
Waltham, Mass, 02154
Tek: (617) 899-3710

DEW POINT
analyzers-.
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active charge, the percentage of particles of sufficien
mann to produce an appropriate peening intensity wijf
reduce. It may, of course, endanger the fatigue char
acteristics of a part being peencd q

Figure 9 (A} RMS

TEST OF REDUCING RMS OF PEENED FINISH OF
7075 T-6-51 ALUMINUM

]
k
1
¥
+

RMS AFTE
RMS ORIGINAL  BEAD SIZE P.S. 1. PROCESSING
100-110 D 5 60-71_ )
100-110 D 10 66-71'%
100-110 c 15 66-71 §
100-110 AH 15 80-58 §
77-82 D 5 72.77

(size AH is US. Sieve 170-325 or 44-77 microns in diometer) :
Tests were performed on o direct pressure machine using o 3/]
nozzle ond @ 5/32" grit stem, -

Figure 3 (B)

TESTS OF REDUCING RMS OF PEENED SURFACES—
2024 T-3 51 Hardness: 74-76 B

ORIG NOZZLE NOZZLE
RMS BEADSIZE PS.I. DISTANCE  ANGLE
120-160 D 4 . .-Gin, 60°
120-160 D 0 - 6 in. 60°
120-160 (of 15 6 in. %0°
100-112 C ! Win. 90°
80-100 D 4 €in, S0
50-60 o 5 e 10in, 20°
Figure 9C

TESTS OF REDUCING SURFACE FINISH OF 2024 T -3 51
(Rockwell B 76) BY PEENING INTENSITY

ORIGINA :
KMS BEAD SIZE ALMEN INTENSITY FINAL RMS
160+ b 007-.008 N 60-80
1604- D .010-.012N 50-120 4
100-120 D 007-.008 N 60-80
130-150 D 007-.008 N 60-30 ¥
100-130 C 006-.008 N 60-80.
100-125 AG 005-.006 N 60-80;
100-125 AF -.006 N 60-80
100-125 B 006-.008 N 60-80
100-125 E 005-.007 N 60-80
100-125 C 006-.007 N 60-80
100-125 D 007-.008 N 60-80 3

Regular time-to-intensity curves (illustrated in Fi 7
10) for glass bead peening are used to determine .7
time needed for exposure to achieve specified peeninfs

SATURATION CURVE

N —

g il Lass THAN
INCREASE

ARC HEIGHT

[ | S

ar
EXPOSURE TIME

results As in any peening operations it’s probably d !
sitable to seek a nme—to—mtensuy curve for the
ticular saturation™intensity that is required on
machine used in a specific process. Moore!* has [
ported that the narrower ranges of glass bead M3y
terial produces more satisfactory time-to-intens
curves and points toward the desirability of na
size ranging not only for careful control of peenin,
tensities but also possibly for the reduction of pr 0
time and labor cost.
For peening intensity control Figure 11 shoWs :
For further information circle No. 11




Alloy

* [
Engmeerings
’ Articulated carburizing tray made
Fabrlcated of castings with wrought interlock

bars and reversible grid. The qual-
ity standard of the industry. For

Fllrnace Tra,ys Lindberg GVRT furnaces 24” x 36,

24” x 48” and 30" x 48~.
eut costs

in high

temperature

production

U. 8. Patent No.  Horjzontal interlock tray for roller
2417.083  pottom furnaces. Exceptional flex
ibility and strength of interlock
construction allows great thermal
expansion-contraction without

fatigue.

Send for our bulietins on fabricated furnace trays and related products.

838 Thacker St. »Berea, Ohio 44017
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DYNAMIC HARDNESS
TESTING
SHORE®
SCLEROSCOPE

Over 40,000 in use.

Pioneer American
Standard since 1907,

Capable of over 1000 tests an hour.
Essentially a non-marring test. Pene-
tration less than 0.001" on mild
steel and 0.0005” on hardened steel.
The Model C:2 Scleroscope has
unique capabilities in portable free
—hand testing of die blocks, hard-
ened and ground machine tocl ways,
rolls, cast iron pipe, crankshafts,
forgings etc. The Model D Dial Re-
cording Scleroscope is graduated in
equivalent Brinell & Rockwell C hard-
ness numbers. Write for complete
details.

THE SHORE INSTRUMENT & MFG. CO. INC.
90-35 HT VAN WYCK EXPRESSWAY, JAMAICA, N.Y. 11435
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THE ALLOY ENGINEERING COMPANY ~—

variations in mass of particles between standard narrg
and broad range materials based on U. S. Sieve gipu3
it's obvious that material within the broad specificatj, d3:
may lean much more easily to the large or to the gmg;3
If this were the case substantial changes in peening o
erations might be experienced. =
Upon receipt of glass bead peening media, it is JJ4 %+ The
sirable to check particle size and sphericity against te;stei

ames

i S

terial specifications. We've experienced instances ofi: - hard
variations in intensity results due to poor screening, (8. - faces
excessive angular particles and to excessive air in the b)' o
particles. ; : 10ols

- pain’
SUMMARY _ : jowe

The use of glass beads as a shot peening media’ L

developing considerable precedent. Beads are indica “ The
as a peening media where low intensities are req ) afutOl
or for penetration of small fillet areas. Further;: - tenc

non-ferrous or exotic alloy surfaces they can prody * May

economies by avoiding passivation. Evidence exists;t4 136
indicate that glass beads should be tested to determis ofs.
if superior fatigue characteristics may result in applic; ‘micr
tions involving intensities of .012A or less. Overblastinf®% . from
with glass beads can be used to perform surface” =y

duction and to prevent stress corrosion. The inciden © Wils:

of successful applications is increasing rapidly. 4

Figure 11 :
COMPARISON OF MASS RELATIONSHIPS OF NARROW NOMINALIE i
- SIZE RANGE GLASS BEADS WITH BROAD RANGES 5 :

DIAMETER
U.S.SIEVE DIAMETER INCHES MICRONS (micrograms} %8
20-30 0331-.0234 841.595 i
25.45 0278-.0139 707-357

30-40 0234..0165 595-.420

30-50 0234-0117 595.297

50-70 .0117-.0083 297.210

30-70 .0165-.0083 420.210

100-140 .0055..0041 149.105 e
120-170 .0049..0035 125-88 3
140-200 00410029 105.74 I
100-170 .0059-.0035 149-88 89-42 8
100-200 .00055-.00029 149-74 5342 ¥
170-230 - .00035-.00025 88-63 32-8 8 3
120-230 00490025 125-63 3225 ¥
170-325 .00035-.00017 88-44 89
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