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ABSTRACT

Concerning shotpeen processing, the goveming factors to ensure high quality
results are more than steering of process and capabilities of equipments.

The quality of shot media, be it m_anu‘factured from glass, steel, ceramic or any other
material, is vital in ensuring satisfactory process results. R

The quality of shot media is variable. One of the major problems is being able to
guarantee shot sizes from ot to lot. o '

It can be difficult to clearly define requ‘iremen'ts' and tolerances. Problem can arise,
with the failure to obtain a result correlation of shot size between supplier, shot -

peen source and shotpeen processed end product customer. '
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Shotpeening is a process which requires high standards of quality controls during
the manufacturing operations and at final inspections. However, the value of all
surveillances of in process parameters are reduced, if the quality of the actual shot
in use is unsatisfactory or questionable. R

As a supplier of shotpeen setvices to both internal or external customer, one must
be prepared to accept varying requirements from customers to customer,
dependant upon their specific end use expectations. Aerospace, Automotive and
Medical in most instances, work out from varying materials and varying quality
requirements. S . ' o B

With such a wide spectrum of customer requirements, difficulties arise very often in
the procurement of the shot media. Individual customers invariably specific the
condition of the process media. This situation often leaves the supplier of shot-
peen services with a dilemma. To hold stocks of media which is dedicated to
individual customers is costly. Large stocks of often very similar media would have
to be held, which ties up capital and storage facilities. Further, a continual
exchanging of media in and out of the shotpeening equipments is time consuming
and inefficient,. This type of situation is unsatisfactory for all parties, not least the
customer who invariably must pay for this extra effort.
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A solution to the probiem of varying customer shot requirements, is for the shot-
peen supplier to produce a common specification which meets the intentions of all
customers. Invariably, this will mean that most detail has to be gleaned from the
customers requirements, with the most exacting and demanding parameters
remaining. This will provide the foundation for the shotpeen suppliers own internal
specification. It is worthy of note, that if a customer specification appears to be well
over the norm for a familiar material, it is prudent to attempt to get the specification
amended to fall within common boundaries. This is beneficial for all parties.

The importance of the role of the Supplier(s) of shotpeen media cannot be
emphasised strongly enough. The manufacturing methods and controls required to
maintain continuing high quality standards are exacting. - To achieve the levels of
quality materials required and in particular establish trust in a media supplier is a
time consuming business. The initial on site audit, coupled with the examination of
each delivery of individual media is a means of establishing a quality portfolio.
Dependant upon the number of deliveries from the media supplier, a period of up to
two years, with an inspection of the quality of each delivery, can be required to fully
establish confidence. Once a satisfactory level of confidence is established,
reduced inspection frequency can be introduced. The inspection ot the media-
deliveries will consists of: - ' ' SRR :

Chemical Analysis.

Hardness Inspection.

Sieve Analysis. -
Certificate and Documentation content.

The receiving inspection of shot media with respect to Sieve Analysis will now be
discussed in depth. - ' R R LS

The purchase order, or in certain circumstances the shot media quality plan to the
media supplier, will require that a material certificate/certificate of compliance be
provided with each delivery of media. This certificate will provide details of the
chemical analysis, hardness, material batch number, shot size ranges in weight or
percentages. If the media supplier has established a good quality record, it should
be possible to accept the certificate on face value and forward the delivery to store
or direct into manufacturing. However, regardiess of our confidence with the stated
quality of the media, should a customer during the course of an audit require a
random inspection of this same media, are we certain that a random sieve analysis’
will provide the same results as presented on the certificate of conformity? The
answer to this question is most definately NO! o e R

Obviously, when taking a shot media sample, conditions must be established
where fully representaﬁ_ve' media is obtained for the sa’mpie test. : S
(a) The media in its container, (be it a sack or box) must be thoroughly mixed by
agitation/stirring before a sample is taken. Alternatively, a sample tube can be

inserted into the container in order to remove media from varying levels within the
container.
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(b) The sieve set must be in satisfactory condition and within calibration
parameters.

(c) The scales must be calibrated.

(d) The sieve machine must be of an approved type and compatible with the type
used by the media supplier.

(e) The method of conducting the sieve analysis must be in a manner which will
provide meaningful results. For example preparation, brushing and general good
laboratory practices.

Having conducted the sample inspection of shot media and met all of the foregoing
requirements, it is reasonable to expect a close correlation with the shot media
suppliers results. Should this ot be the case, what conclusions are to be taken?

The first and obvious conclusion is that the results from the supplier are incorrect!
The normal course of events will be to request that the supplier conduct a further
sieve analysis, due to the ditferences between the correlation. Should this second
result from the supplier fail to provide correlation with the sample, but is similar to
the suppliers originai result, the next questionable factor is the testing equipments.
Should it be established that these equipments are perfectly satisfactory, the next
obvious step is to attempt to ensure that both parties conduct a sieve analysis on
the same sample of media, in order to ensure a cotrelation is obtainable!
Unfortunately, again both results differ by a considerable margin. What is causing
this difference? lIs it equipment/calibration to tolerances or has the supplier
provisioned media which is nonconforming to our quality requirements? '

Investigations are conducted at both media supplier and in house to check out
equipment and ensure that calibrations have been conducted satisfactorily. It is
established that sieves at the supplier both for -production and laboratory analysis
are fully conforming to ASTM 11. It is further established that in house sieves fully
meet ASTM 11 requirements! - _

To clarify exactly what is the discrepancy and where the differences are occurring,
the results of an actual sieve analysis are presented: '

Taking S-110 as the example, sieve number 40 (425 uM) should retain a maximum
of 5% of the shot sample under test. © The rest of the shot sample should pass
through. However, sieve number 40 with nominal opening of 425 uM has a
tolerance of +/- 19 uM! In other words sieve number 40 can vary from 406 10 444
uM. : . _

During the investigations to establish why correlation was unobtainable, it was
established that the in house testing resulted that over 5% of the sample was
retained in the number 40 sieve. The media suppliers number 40 sieve retained
less than 5% shot and therefore was conforming to specification. The cause of the
discrepancy was the fact that although both sieves met ASTM 11 standard, the
suppliers sieve was 430 uM and in the house sieve was 419 uM. Actual results are
thus presented:
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SIEVE ANALYSIS S-110
SIEVESNO. | SIEVESuM FEQUREM. | SUPPLER. | NORSKJETM,
35 500 0 0 0
40 425 5%max | 5 14
45 355 T 56,9 -
50300 85%min.cum. 90,1 91
80 180 G%max.. . 9
435300+ 180um=min96% on sieves | 898 | 100

The differences between the two results are very obvious.

In order to verify further our suspicions that the analysis resuits from laboratory to
laboratory could be extremely variable, we established a "Round Robin” excersise
with Volvo Flygmotor in Sweden and SNECMA in France. Using the same shot
media sample as we received from the media supplier, the exercise was
commenced. Both companies requested to conduct the "Round Robin” were
extremely cooperative and interested to analyse the excersise results. - Actual
"Round Robin" excersise results are thus presented: SRS

| “SIEVE ANALYSIS $-110_
SEVESNO. | SEVESGM | REGUREM. | SUPPLER | NORSKJETM, VOLVO FLYGM] _ SNECWA.
3§ | 500 0 o 0o - o Q.
20 425 | 5% max E T §5 | 23
45 | ges | v T I Y 7R M KT
50 300 [s5%mincum] 801 | 81 | 855 | 86.65
80 | 180 6%max. | v 9 13,6 13,35
425+300+180um=min.96% on_sieves 99.8 | 100 [ 981 100
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Again it is very obvious that the resuits have a large variation. (note that the same
' media sample was tested by both companies). These results in no way support
Norsk Jetmotors opinion that the media suppliers analysis was incorrect, despite
the fact that the results are outside specification requirements. In fact, these results
serve to increase the concern that a meaningfull correlation appears impossible to
achieve. :

The statistics for four independent sieve analysis are now available. It has been
verified that all four laboratories have conducted the sieve analysis in a like
manner, with calibrated and conforming equipments.

At this stage an opinion can be raised, which wouid point to the fact that the large
tolerance bandwidth of 38 uM, on a No 40 sieve graduated at 425 uM, must be
causing the large variation in sieve analysis results from laboratory to laboratory.

S110 shot has a nominal diameter of 315 uM, and should all the shot in a delivery
meet this nominal, regardless, a small variation will show up during sieve analysis.
The degree of variation will be dependant on the tolerance of the actual sieve used
by the iaboratory to test the sample from delivery of fully conforming nominal sized
“shot.

We are now faced with the dilemma of how to resolve this problem and arrive at a
situation where media analysis can be conducted in a meaningful manner, and
perhaps even more importantly, how can controls be tightened to ensure that the
media supplier is capable of provisioning to Specification! Several possibilities
spring to the forefront: SR . o

s the media supplier the source we should exert maximum effort? By for
example, insisting that they use a sieve family with a very tight tolerance of
say +/- 1%, and accept their laboratory results as final and conduct no
correlation? ' : SR e

Should the specifications which establish the Quality requirements be
completely amended with respect to sieve sizes?

Should we as a supplier of shotpeen services to our internal and external
customers, use sieves manufactured to an extremely tight tolerance
bandwidth? ' ' : 5

Should the possibilities of alternative methods of measuring media size be
investigated? : . . .
Regardless of the eventual course(s) of action to be taken, it is vital that an open
dialogue be maintained with the media supplier. To conclude, media supplier and
shotpeen services supplier, must have an inspection system/methed - which is
usable and as simple and effective as possible. To this end communicating must.
be established with the media supplier and see what can be achieved. The
following diagram shows a simple manufacturing process cycle of a steel shot:
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This process is not completely up to date, but assuming that the current process is
very similar, we see that the final sieving operations directly before the media is
packed and stored should be conducted with tight tolerance sieves. (in Process
sieves). If the media supplier were to introduce such tight tolerance sieves into the
manufacturing process, it should be possible for all media customers to conduct a
n}eaningful and satisfactory sieve analysis, by using the same right tolerance
sieves.

If we again use shot size S110 as an example, then sieve 425 uM should be nearer
406 uM in order to achieve as near as possible 0% for this sieve!

Similar, if we examine s_iev'e' 300uM which has a tolerance of +- 14 uM, sho"u!d this
be in the upper tolerance range band of say 314 uM, in order to pass the minimum
shot to the next sieve which is 180 uM. '

As this undesirable situation becomes more and more evident, it is reasonable to
question whether the media suppliers are showing enough consideration and
concern fo their customers needs and expectations, by not tightening the tolerances
on the process sieves! However, the media suppliers are meeting the ASTM 11
specification, and purely on a commercial basis no supplier is going to self impose
a more stringent requirement. = R ' - o
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The question was raised as to whether as a shotpeen supplier, we should examine
the possibilities of modifying our laboratory sieves in order to self achieve the
analysis results required. In some instances this can be desirable. However, this
would mean conducting a difficult modification and/or adjustment program to the

sieves in order to achieve accurately the desired sizes. . It is very questionable that
guarantee of a good result.

We return to the specification which deals with calibration. Should this be

thoroughly reviewed and possibly amended to dramatically reduce the current wide
tolerance bandwidths? See the extract from ASTM E 11-87. '

& e 11

TABLE 1 Nomingi Dimensions, Permissible Variations for Wire Cloth of Standard Test Sieves (U.S.A.) Standard Seriés

" Permussitde Varaon :
Sigve Desgnanon. (W) Nominat Smg of Average Openng %marmﬂdsxea Mairmum indivicual Norsnal Wira
. QOpenng, in. from e Stardard Tolerance (2) Opening {x) Diameter, mm*
Stanctarg® Altemative Siave Desgration (1)

s Co@ : 2 A (5) 18) f6))
125 mm 5in, . 5 '__ 237 mm 130.0 mm 130.9 8.06
106 mm 424 in, 424 23.2 min . 110.2 mm 1111 mm .40
100 mm? S 4ing 4 #0mm 104.0 mm 104.8 mm 6.30
949 mm L3 n. 35 +2.7 mm 93.6 min : 944 mm $.08
75 mm Cdin, 3 222 mem 78.1 mm 78.7 mm 580
63 mm 2vin, ] L35 z1.9mm 65.6 mm 68.2 min 5.80
53 mm 2128 2.12 st @mm . 55.2 mm Do 857 mm e 5.18
50 mm? 2k 2 =1.5 mm ! 521 mm 2.8 mm 5.0%
45 mm 1% in. 1.7% 1.4 o Eomm ST A e CUAES
37.5 mm 1Y in 1.5 1 m : 339.1 mm ) 39.5 mm ) 4 59
31.5 mm 1% i, 1.25 =1.0 mm 32.9 inm O 332 mm : 423
26.5 mm 1.06 in. 1.06 k =08 mm - 2.7 mm 28.0 mm 3.50
25.0 mm*® iin? 1 0.8 mmn 261 mun ’ 26.4 min T
22.4 mm ¥y b 0875 o 20.7 ruri ‘ 234 237 on ) - 380
19.6 mm Ya i, R+ £ - + IS 206 mm . 199 mm 20.1 o 230
18.0 mm B in, 0.825 #40.5 mm S 16.7 mm : . 17.0 min : 300 . -
3.2 mm 0.530 in, 0.530 +0.41 mm 13.83 mun 14.05 mm 275
12.5 mm®. 1 n® 0.500 =0.39 mm 13,10 mm 13.31 mm 2.87
1.2 mm i thain 0.438 £0.35 men . 11.75 mm 11.84 mm 245
9% rmen | W in 0.37% : £0.30 997 10.16'mm o 2.2
8.0 men Y in. anz C 028 P BT e : 858 mm ’ .07
8.7 mm 0.265 in, 0.265 =021 mm 705 mm T20 mem 1.87
8.3 mm? Vain? 0250 +0.20 men 8.64 mm §.78 mm 1.82
5.6 mm No. 3%* 0223 40,18 mm 5.90 mm 804 rvn i.68
475 mm . No, 4 0.187 20.15 5.02 mm 5,14 mm 154
4,00 mm No. & 0asr 2013 ren 4.23 mm 4.35 mm 1.37
3.35 mm No. & 0132 #0.11 mm 3.85 min 3.86 mm 1.23
2.80 men No. 7 an 20095 mm 2,975 mm 3070 oun 1.10
2.38 mm No. 8 0.0937 +0.080 min 2515 i 2,500 mm 1.00
200 mm Na. 10 Q0787 +0.070 rm 2,185 mm 2215 run 0.900
1.70 mm - No, 12 0.0851 #0060 mm 1.820 mm 1.890 mm 0.810
140 mm No. 14 G.0858 +0.050 fnm 1.506 mm 1.565 o 0.728
1.48 rm Mo, 16 0.0489 +0.045 men 1270 mn 1.330 mm 0.650
1.00 mn No. 18 0.0354 20,040 iy 1.080 mm 1.135 mm 0.580
850 pm” No, 20 0.0331 *35 pm 925 um 970 um 0.510
710 pm . No, 28 0.0278 +30 pm 775 jim 815 pm 0.450
80C wm No. 30 0.0234 225 pm G800 pm 695 um 0.3180
S00 um No. 35 o.ms7 20 um 550 urn 5485 um 0.340
425 um No. 40 b.o16s5 £19 uin 471w 502 pm 0.250
358 um , No 45 0.013% 16 um 3596 um 425 m 0.247
300 pm No. 50 00117 St - < 1T, 353 um 0.215
250 Nao, 80 0.0098 212 pm 283 pm 306 jam 0.180
212 pm Ne. 70 Q.0083 #10 pm 1242 pin 263 um 0,152
180 um Na. 80 0.0070 &8 pm 207 pm 227 0.3
150 ym Na. 100 0.0053 &8 um 174 pm 192 pm 0.110
125 pm No. 120 0.0045 =7 pn 147 um 153 um o0
108 pm No. 140 0.0041 =6 pmt 128 pm 141 um 0076
0wt No, 170 0.0038 =5 pm 108 um 122 wm 0.064
75 um Na. 200 Q.0029 &5 pm 91 pm 103 win 0.053
63 wm No. 230 0.0025 &b wm 77 89 um O.044
53 pm No. 270 0.0021 b pm 68 wm 76 pm 0.037
45 pm No. 325 0.0017 =3 um 57 um 66 wm 0.030
38 um No. 400 0.0018 =3 um 48 wm 57 wm o028
32 um No. 450 00012 23 pm 42 pm 50 um 0.028
25 um? Na. 500 0.0010 *3 pm 34 pm 41 um 0.425
20 No. B3% 0.0008 =3 pm 29 um 35w 0.020
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Laser measuring methods is known, but relatively little used in industry due to the
relatively harsh working environment and practical problems of both achieving and
interpreting results. With respect to measuring shot media laser has potential but.in
this application is still very much at the Research and Development (R&D) stage.

Round Robin tests have proven in our experience to provide just more data which
serves to confirm that current sieve methods to achieve correlation are worthless!
The results have been so spread. However, some possibilities exist with this form
of testing and the benefit should be considered. For example from close
examination from ali test results, it could be possible to establish the actual size of
an "Error Margin” that could be acceptable? This error margin could be in the form
of a % tolerance that we could accept outside the established tolerance. This is in
some way a hypothetical question, but it would be of interest to raise the case with
ones customers. :

Most shotpeening machines in current use are equiped with an efficient shot sorting
system, which is capable of segregating over/under sized media and also deformed
media. This means that should the media be of doubtful quality, with respect to size
when introduced into the shotpeen machine, due to the efficiency of the sorting
system, the actual product being peened will be processed by conforming shot.
The down side of depending fully upon the sorting system, is that if the complete
load of media in the machine is in the high tolerance band, the time taken for the
sorting system to fully process the media, will mean that the product being
processed could be subjected to a higher than desirable impact by "large media”
until the sorting cycle is concluded. (Depends on sorting system). 2

As a conclusion, it would appear that the most satisfactory manner in which all
parties are satisfied with the quality of the products they manufacture and use, is to
achieve a combination of tighter sieve tolerances and in process sorting.

Media suppliers must be more critical with respect to the tolerance bandwidths of
their in process/manufacturing sieves. - They must monitor more carefully the
tolerance of respective sieves and be constantly aware of the difficulties which can
arise for a shotpeen supplier, if a sieve is hard against a tolerance limit. - The
provision of detail of individual sieve tolerances would be useful to the shotpeen
supplier and if possible should be noted on the material certificates.

Shotpeen suppliers must ensure that the in process sorting system is reliable and
sonts in an efficient manner. Further, by knowing more exactly the % of the range of
sizes of media they receive, they can run sorting programs for established periods
prior {o commencing processing of products. :
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