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ABSTRACT : et ' '

Metal erosion is related to nozzie angle when peening with glass beads. Data is
presented to show that metal erosion is greatest at or near 909 nozzle angles and that
surface finish is largely independent of nozzle angle when peenmg prassure is held
constant. :
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OBJECTIVE Co - 8

To dermonstrate that: the aptlmum nozzle angle for peenmg wnth glass beads is less
than 90" and equal to or greater than 45% This paper will externd this objective to
show thet rotating a jet engine blade while peening removes excessive blade material
and is uneconomical with respect to overall production costs including process time.

EXPERIMENTAL DETALLS RO ' s
A series of tests designed to evaluate metal emsmn rates; on e mtatmg blade alrfml
wera run under the failawmg «:‘andxtmns* -

Media: ' . Potters Gla33 E&eads GP-100 (3[38»425 rmicron)

Nozzle size and presaure. ~ &mm, pressure type system; 276 KPa
Mozzle distance and angles: 100mm; 909, 60°, and 3%“ '
Peening time/tmt* & minutes

Materials b Titanium

Each nozzle angle test wasg duplicated using Almen strips to record the reduction in
peening intensity as the nozzle angle hecarme smaller. Every test was started using a
fresh charge of new beads. ' In addxtwn, a similar series of erosion rate tests were run
using #54 (600-180 micron), aluminum oxide abrasive. These latter tests were run
solely to demonstrate the likely qualitetive erosion effect that might be experienced
if the bead cherge was contaminated with a large percentage of broken particles.

DESCUSElQN

- The authors ‘know that most jet engine biade maﬁufamurars antﬁ overhaul fsc}hty
operators require that-the blades be rotated during peening. This process has’
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become maore historical than analytical. A rotating blade presents a constantly
changing angle to the blast stream. Therefore, the effect of the shot stream is also
constantly changing., Most technicians in the field of shot peening know of the
relationship of nozzle angle to peening intensity but have not realized the cmtly
mfmiw when weemmj a ratatmq &)Iade. ;
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A search of ‘applicable literature confirmed
the fact - that specific nozzle = angles
produced better surface finish when peening
intensity (not pressure) was held constant;
or, improved peening - performance. or
reduced metal removal rates, but we could
not find any conclusions that pertained to a
specific application. -The authors are herein
attemnpting to demonstrate to the industry
that:
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1. - Nozzle angles should, where possible, be. less than 809 _
a) Metal erosion is highest st 90° and is undoubtedly due to
deformation-induced fracture of the surface layers (Salik-80)
h) Bead consumption and particle blgnqu is ucghest at 90¢ nezzle am}ia
(Balcar<81)
¢) Tests showed very iittie var:&t;&n in s;urfae:e finishes as nezzle ::mgl
‘changed provided peening pressure remained constant.
2. Nmzﬂe angles should, where possible, be greater than 45° because: c::;‘f the
extreme fall-off of peening intensity at angles smaller than 45°,

Therefore, it would appear that the optimum nozzle angle should be somewhere
between 459 and 75% This optimum range is achieved only 33% of the total time the -
rotating blade is subjected to the peening media [4 quadrants x (75%-459)]/360 x
100%. The balance of the time s spent excessively eroding blade material (17%) or
underperfarming (50%). This "underperformance” mcreases pmductmn time ﬁﬂd is a
tri’memaus waste of mmmpragwd airand DF’SCE& -

The f;f:}lutzcm f‘m" medrum am:i high pressure blades is simple in that the twist of these
types of blades is negligible and therefore they can be held stationary (nhot rotating)
cand the nozzle group moved along the length of the air foil - or vice versa.
However, the low pressure blades with their large area and large angular twist -
present another problem. Uptimizing the peening process on these types of blades
can be achieved by integrating the blade twist with the nozzle(s) motion so that the
desired preset nozzle(s) angle is maintained along the entire surface t;s“f ‘the blade.
- The two motions required to achieve this integration can be made to interact: by
using @ scrap blade and cam follower with linkages. ' To prevent distortion of the
" blade, the peémng nozzles must be equally dw:af:%es;! on either face m‘ the blade so
that each fac@: ;% pwrzem ﬁxrﬁultaneausiy -

' i”C}NCWLLJS%IC?N‘E;
It i§ unecanomical and detr:mentai to peen jet emgma bladé air fmls (and pasmbly
.-mc:zts) whzi@ the blade 13 miatmq. o
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