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Vibratory Stress Relief, often abbreviated VSR, is a r-thermal stress relief method us
by the metal working industry to enhance the dinwrad stability and mechanical integr

of castings, forgings, and welded components, hief two categories of these me
workpieces:

- Precision components, which are machined or aligned to tight dimensian:
geometric tolerances. Examples include machineldasés or column

components of paper mill, mining equipment, or othege-scale processing
machinery, and centrifucrotors.

- Heavily loaded metal workpieces, which are components designed and |
with the ability to withstand heavy loads. Exampledude lifting yokes
clamshell buckets, crane bases, vibratory screesyisggm frames, ing
processing, and rolling nl equipment.

These stresses, callegidual stresses, ™ because they reside within the metal workpi
rather than as a result of external loading, avsea by rapid, unequal cooling. This unec
cooling occurs during welding, casting, forginggb machining or hot rolling. The:



stresses often lead to distortion or warping ofsfnecture during machining, assembly,
testing, transport, field-use or over time. In erie cases, residual stress can cause structural
failure.

Almost all vibratory stress relief equipment martif@ers and procedures use the
workpiece’s own resonant frequency to boost thdifmpexperienced by induced vibration,

so to maximize the degree of stress relief achieSedhe equipment and procedures are
designed to operate near, but not at, workpieamneexes (perhaps to extend equipment life),
but independent reseafetas consistently shown resonant frequency vibratidoe more
effective.Seereferences 4, 6, and 9.
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[edit] Criteria for Effective VSR Treatment

Effective vibratory stress relief treatment resifriten a combination of factors:

1. Material condition: The material must be ductile. Metal in the weldsakt,
forged, or hot-rolled condition can be treated. &fial that has been severely cold-
rolled or through-hardened, which renders the nredatductile, will resist effective
treatment.

2. Component geometrylarge workpieces lend themselves well to vibragirgss
relief, likely due to their being more able to lesonated, however a variety of
modest-sized workpieces (overall size less tharr 300 mm) have been effectively
stress relieved, using vibration.

3. Setup for VSR Treatmentinvolves several steps:

- Placing workpiece upon load cushionsThese cushions should be made of
soft, yet resilient material, typically urethanen@oprene. The cushions should
be placed away from the corners of the workpiecéhat workpiece damping
is minimized, which promotes increased resonamaese to vibration.

- Positioning, orienting, and securely clamping vibréor on workpiece. The
vibrator should be placed away from the cornerthefworkpiece, and oriented
so that the force-field output of the vibrator, wbtary vibrators a plane
perpendicular to the vibrator’'s axis of rotatioanarive the workpiece into
resonance. Dual-mount-flanged vibrators are helpfakchieving effective
orientation. The vibrator must be securely clampgaically with machinist-
grade clamps or high-tensile bolts.



« Positioning and orienting vibration sensor The best location for this sens
is on one of the corners of the workye, and inline with the forc-plane of
the vibrator (a plane perpendicular to the vibrataxis of rotation [AOR]

« Adjustment of the vibrator unbalance. The unbalance of the vibrator shoi
be sufficient to drive the resonances of the wagk¢, minimally to a level of
few g's of acceleration. The unbalance might regjturther increase, to cau
peak growth (discussed later) during stress rakeaitmen:

4. Finding Resonance(s The vibrator speed range must reach high enoughk
greaterthan the resonance(s) of the workpiece. A max spapdbility of at least 60C
— 8000RPM is recommended. Equally important is tight atbr motor spee
regulation (x0.25%), which greatly improves thelipto detect and drive th
resonance(s) (abilés that are required for stress relieving to ocddriving a
resonance involves tuning the vibrator speed tadpef the resonance peak. Thi:
increasingly challenging as workpiece rigidity ieases, which causes resonance
become very narrowl.o record such resonances, a slow, automated lsicaugh the
speed range and plotting of the vibration resparfisiee workpiece is mac

The scan rate must be slow, not only because fomamce peaks are narrow, but :
due to the highrertia of theworkpiece. There is a significant time delay, causg
this high workpiece inertia, in the response toation. This can be best explained
first looking at the phenomenon known as ring t

Ring time is defined as the time period a resogatiody ©ntinues to vibrate afte
resonant excitation is stopped. When the vibrasatopped, the waveform w
decay, ie, reduce in amplitude, due to frictiomaklesSee Figure 1
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Figure 1. A waveform that demonstrates ring time, which s tilme period vibratiol

continues, after resonant excitation ced!
Most people have experienced ring time. A lebell, after being struck, continues
emit sound, but at decreasing (softer) sound le@lsr time, the sound lev
dissipates, as the vibration amplitude decays toraetectable leve
When vibration is the excitation causing resongnaer than hammer blow [suc
as the strike of a bell]), there is a time perietileen the beginning of vibratit
excitation, and the moment when full resonant atughd is reached. During this tir
the amplitude is buildir-up or growing (the reverse of decayingp,this phenomenc
is called reverse ring time, or RRT. For large rmstiaictures that are commor
stress relieved with vibration, ring or reversagriimes (the time periods are the sa
whether the amplitude is growing or decaying), bar20— 40 seonds or longeiSee
Figure 2.
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Figure 2: Reverse ring time, or RRT, is the time period benvthe start of vibratio

excitation, and full resonant amplitu[‘—11
The mat frequently used method of finding the resonawt@sworkpiece durin
vibratory stress relief is to scan through the atbr speed range, and record / plot
vibration amplitude vs. the vibrator speed. The@fbf RRT, specifically the tir
delaybetween the beginning of resonant vibration anidréglonant amplitude beir
achieved, dictates that the scan rate used to sthemygh the vibrator speed range
slow, in order to make an accurate record of tsermance pattetr
Scanning too quickly ill result in resonant peaks not being fully depttor being
missed entirely, since the workpiece will not haufficient time to reach fu
amplitude resonance before the vibrator speedasese(due to scanning) beyond
resonance frequency.
A scan rate of 1RPM / second has been found in practice to resuhe accurat
resonant peaks recording of many workpieces. A&p¥ece size increases, the s
rate might require being decreased, in order iy fipture accurate resonance d

See Figure 3.
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Figure 3: The effects of scanning at different scan rateaarid5-RPM/sec. Peaks that ¢
scanned too quickly don't have enough time to réalthesonant amplitude, due to the R
effect. The larger and heavier the structure, tieatg the inertia, the longer the ring tin
(and reverse ring time): Thus, larger, heaviercstnes might require slower scan rates to
accurate resonance patterns.
5. Tuning Vibrator Speed The vibrator speed is then tuned upon the resofsx
recordedduring the scan, and the response of the workpgee#ration is monitorec
Fine tuning of the speed, plus tight speed regquiatnhances peak tuning &
tracking capabilities. The most common responsés&iment are
Peak Growth - Typically the larger change.
Peak Shift, in the direction of lower RPN - Percentagevise, the smaller chang
Typically resonance peaks are very narrow, cauaygpeak shifting to rapidl



decrease the vibration amplitude, and hence, napeltrease of the rate of sis
relief, since resonant amplitude is more effectiveelieving stress. Thus, any pe
shifting requires finguning adjustment of the vibrator speed, in orddrdck the
peak to its final, stable positic

Each of these changes, which often comb.e., peak growth AND shifting, is consistt
with a lowering of the rigidity of the workpieceh@& workpiece rigidity is inflated by tt
presence of residual stress. In the example belbweh depicts a common resonance pat
change that occurs duringovatory stress relief, the large peak grew by 4/#tile
simultaneously shifting to the left -RPM, which is less than 0.75%ee Figure 4.

The equipment used to perform this stress relidfvilarator speed regulation of + 0.02%, ¢
speed increment finkeming of -RPM, which allowed even subtle shifting of the peakbe
accurately tracked to their final, stable loc

The pattern of change, i.e., how quickly the pegksv and shift, is faster at the beginning
vibration treatment: As treatme¢ continues, the rate of change decreases, eventealljting
in a new, stable resonance pattern. Stability isfiew resonance pattern indicates
dimensional stability of the workpiece has beeneaad
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Figure4: VSR Treatment Chart consistf two plots: The upper plot is workpie
acceleration, the lower plot is vibrator input powsmultaneously plotted vertically vs
common horizontal axis of vibrator speed. Peakbénacceleration data depict resonan
growth and shifting of the péds are the response of the workpiece to treat

The power plot is useful in both positioning angkoting the vibrator, and when adjusting
vibrator unbalance. Poor or inappropriate vibr&boations or orientations, or excess
vibrator unbalane settings, cause large peaks in the power plat.dkighe-powered
vibrator motors (above RW) provides more "hei-room" for peaks in power to be tolerat
and treatment to take place, which was the case hbe power peak ~ 370(-RPM was
only hdf of the vibrator motor’s 2.-kW power capacity (top of the power sce



A Pre-Treatment Scan, which functions as a be-line, is first recorded in green. The operz
uses this green data set to tune upon the resaara monitor the growth and sing of
the resonance peaks. After peak growth and shiftavg subsided, Post-Treatment Scan is
made (red). This data is superimposed on the @aliggneen, PI-Treatment Scan dat
documenting the changes in resonance pattern.tidss selief treatient resulted in 47¢
growth of the original, large peak, while it shdt the left 2-RPM (less than 0.75%

Figure5: Vibratory Stress Relief was performed on this rsiieel weldmer weighing almost
12 tons. Overall size was 17' x 15' x~ 5.2 x 5.6 x 0.6 meters). Workpiece was suppc
on three, red urethane load cushions (two of whrehcircled), which are positioned far frc
the corners of the workpiece to minimize dampihus promoting resonance, whict
required for stress relief to be achieved. Theatiarcan be seen in the left, -ground
(circled), and the accelerometer (vibration semguwse output is proportional
acceleration), can be seen in the centra, foreground (circled).

After stress relief treatment, the braces -colored, structural beams), which are use
maintain the desired shape during welding, wereoked. The spacing between the 1
"arms" remained the same; no change was detectaeasured to 1/32" or less tha mm),
and the spacing remained so throughout assembtindgto 60 ton test loads), transport,
installation.

[edit] When Should VSR be Considered and the Limits ¢
TSR

Historically, the first type of stress relief wasrfprmed on castings by storing them out
for months or even years. This waferred to aguring, a term used for loi-term storage of
freshly hewn wood. Fresh castings were referreabtbeing green, meaning, they were pi
to distortion during precision machining, justgreen wood bows during cuttin

Later, thermal stregglief (TSR) was developed to alleviate the lengtime requirements ¢
curing. It has been known for many years, howetat, TSR has limitations or shortcomin
specifically:

- Furnace size: workpieces can be too large 1

« Not effective on all allos, among them austenitic stainless st

« Should not be used on welded structures made ¢-carbon, hig-strength
steels, which can suffer loss of physical propsréied/or crack initiation
thermally stress relievel®l



« Cannot be used on workpieces that have been quiadgetempered (Q&T)
without risking loss of physical properties. Vilwat stress relief can be
successfully applied, if some level of ductilityggesent after Q&T, together
with acceptable workpiece geometry (which detersisonant vibration
frequency required).

- Often not suitable for rough-machined componenis, td difficulty in
removing scale (rust-colored skin that develop$eorous components while
in-furnace), without damaging machined surfaces.

« Asymmetrical-shaped workpieces, which are diffi¢altool while
maintaining uniform temperature, can develop navacaeptably high-level,
residual stress patterns during the last stagesé¥. TTooling rates can be
slowed, but with increased costs.

Metal components, whose function would be enhabgestress relief, and fall into one or
more of the above categories, are strong candiflat&sSR for quality-related reasons.

Further, there is a strong economic incentive ®wikratory stress relief on large workpieces,
since stress relief using a furnace (thermal stessf or TSR) is highly energy-intensive;
consuming much natural gas, and hence, producirudp 1I8®2. The cost of TSR is
approximately proportional to a metal componentsghit or overall size, estimated to be $
2500 USD for the structure pictured, plus transggarh costs, which might involve special
transport permits, to and from a furnace. VSR Tneait would cost a company owning
appropriate equipment less than 15% as muact 400 ) as TSR Treatment, chiefly
amortization of equipment investment plus labod anmodest amount of electrical
consumption, and treatment would take less thanhiowws, with no transport required.
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