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Superior Machine is a full-service fab and machine shop that specializes in providing 

replacement or rebuilt electric arc furnace and continuous cast componentry to the steel 

industry.   In this report, a frequently produced component for the steel industry referred 

to as a pre-heater pan was stress relieved on Superior’s shop floor in the course of a few 

hours.   The welded mild steel workpiece measured approximately 240”  X  112”  X  35”, 

and weighed roughly 10 tons.  Note:  Pictured above is larger pre-heater pan:  343” long, 

weighing 15 tons, that was also stress relieved using the VSR Process. 
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Superior Machine is a full-service fab and machine shop that specializes in providing 

replacement or rebuilt electric arc furnace and continuous cast componentry to the steel 

industry.   In this report, a frequently produced component for the steel industry referred 

to as a pre-heater pan was stress relieved on Superior’s shop floor in the course of a few 

hours.   The welded mild steel workpiece measured approximately 240”  X  112”  X  35”, 

and weighed roughly 10 tons. 

 

Superior’s purpose for having these and similar components stress relieved has been to 

minimize / control distortion that takes place upon removal of braces that are present 

during welding.   Without stress relief, the width / span across the structure, specified as 

112”, would open up roughly an additional 2.5 – 3 inches after brace removal.   Using 

thermal treatment limits such distortion to the 0.4 – 0.8 inch range or less, the distortion 

being minimal midway along the workpiece length, but higher at each end.   

 

Figure 1:  Pre-heater setup for VSR Treatment.  The  braces were removed after stress 

relief.     The results:  Variance from target dime nsion:  5/16” on the far end, and 3/16” on 

the near end.  Without effective stress relief, the  distortion would range from 2” – 3”. 

Accelerometer can 
be seen on the left, 
mounted on the 
brace.   
 
Vibrator was bolted 
to a 1” thick 
adaptor plate, 
which was stitch-
welded to the 
“floor” of the 
preheater pan.   
 
Grey blotches in 
the middle 
foreground and 
further down the 
pan are “nodes”:  
Dust that was 
driven from high 
amplitude locales 
to lower amplitude 
locales.  See Pg 10. 



 3 

VSR Setup  

The workpiece was placed upon four urethane isolation blocks, located beneath the two 

central lower braces, one cushion near each end of the lower brace.  This cushion 

arrangement minimized the damping of the work-piece, allowing the greatest ease in 

generating resonance during vibration, maximizing the effects of the VSR Process..   
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Figure 2:  End and plan views of the VSR Setup.  Br aces are shown in green .  Four 

cushions were in a rectangular pattern, positioned far from the corners of the workpiece, 

this arrangement minimizing damping, thus promoting  resonant response during vibration.  

Vibrator was bolted to a 1” thick adapter plate, st itch-welded to the floor of the pan, near 

(in the plan view) the lower right cushion.  During  the first two treatments, the vibrator was 

oriented as shown, with its AOR (Axis of Rotation) aligned with the workpiece length.   

Likewise, the accelerometer was oriented vertically  during the first two treatments, but 

reoriented “sideways” during the last treatment, ea ch of these orientations being in the 

vibrator’s force-plane (perpendicular to the AOR).  
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The VSR Process uses resonant vibration to cause sufficient flexure of the work-piece, so 

to combine the dynamic load from resonant vibration with residual stresses trapped in the 

material, resulting in plastic flow.   Several independent research works, including those 

of Hahn1, Shankar2, and Yang, Jung and Yancey3, have proven that resonance frequency 

vibration is the most effective form of vibration to relieve stress.   

 

Three VSR Treatments were performed, so as to address both differences in resonant 

peak height, together with orientation of the force plane of vibration: 

1. 1st treatment:  Vibrator Axis of Rotation (AOR) horizontal, vibrator unbalance 30 % of 

4 in-lbs ( 1.2 in-lbs. ), accelerometer vertical and  max vibrator speed, 6000 RPM. 

2. 2nd treatment:  Same as 1st treatment, with the exceptions of: vibrator unbalance 

decreased to 10 % ( 0.4 in-lbs. ), and max vibrator speed increased to 6800 RPM. 

3. 3rd treatment:  Vibrator reoriented to AOR vertical, max vibrator kept at 6800, 

unbalance equal to 20% ( 0.8 in-lbs. ) 

 

 

 

 

 

                                                 
1 Dr. William Hahn, Vibratory Residual Stress Relief and Modifications in Materials to Conserve Resources and 
Prevent Pollution  
2 Dr. S. Shankar, Vibratory Stress Relief of Mild Steel Weldments 
3 Drs. Y. P. Yang, G. Jung, and R. Yancey, Finite Element Modeling Of Vibration Stress Relief After Welding 



 5 

 

Figure 3:   First VSR Treatment accomplished the ma jority of change in resonance pattern, 

compared with the other two treatments.  The origin al, Pre-Treatment Scan (Pre-Scan) is 

green, and functions as a baseline from which to op erate.  During stress relief, the 

operator tunes upon peaks in the green curve (the r ed is not visible yet), and adjusts the 

vibrator RPM to stay on the peak as it grows and sh ifts, using the VSR System’s digital 

displays and real-time graphic cursor (seen in the lower left corner of the acc plot, 

meaning zero RPM and zero acceleration). 

 

The change seen, chiefly growth of the large peak, plus growth of others, is a classic VSR 

response.  

 

Full scales for this chart: 

      Acc  =  10 g’s         (adjustable from 1 – 5 0 g’s) 

      Vibrator speed   =  6000 RPM     (adjustable up to 8 KRPM)  

      Power = 2300 watts        (fixed) 

      Unbalance :     30%  of available 4.0 in-lbs.   (  1.2  in-lbs. ) 

 

ACCELERATION  
VS.  

VIBRATOR   RPM 
 

VIBRATOR POWER 
VS.  

VIBRATOR   RPM 
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Figure 4:  2 nd VSR Treatment was done at higher RPM’s not attaina ble with the unbalance 

setting used during the 1 st treatment (without excessive vibrator input power) .  This avoids 

triggering the VSR System’s motor protection.  By l owering the unbalance from 30% to 

10%, the resonances above 6000 RPM, as high as 6800  RPM in this situation, were 

displayed.   

 

Only modest change in the resonance pattern could b e seen, but complicating the 

treatment, and likely reducing the full effect of t he VSR Treatment, was a brace welding 

breakage event.   Some of the repeatability of the baseline data was likely compromised, 

since the accelerometer was removed, vibrator disco nnected, brace rewelded, and 

treatment was continued after reattaching and recon necting.   

 

Full scales for this chart: 

      Acc  =  4 g’s         (adjustable from 1 – 50  g’s) 

      Vibrator speed   =  6800 RPM     (adjustable up to 8 KRPM)  

      Power = 2300 watts        (fixed) 

Unbalance :    10%  of available 4.0 in-lbs.  (  0. 4  in-lbs. ) 

 



 7 

 

Figure 5.  3 rd VSR Treatment was performed with the vibrator reor iented, so that the AOR 

(Axis of Rotation) was vertical.  This chart shows very high repeatability of the Pre- and 

Post-Scans, indicating stability of the resonance p attern.   Years of experience has shown 

that:   

Resonant pattern stability   =  Dimensional stabili ty 

Full scales for this chart: 

      Acc  =  4 g’s         (adjustable from 1 – 50  g’s) 

      Vibrator speed   =  6800 RPM     (adjustable up to 8 KRPM)  

      Power = 2300 watts        (fixed) 

Unbalance :    20%  of available 4.0 in-lbs.  (  0. 8  in-lbs. ) 

 

 

Acceleration has been found to be the best parameter to gauge vibration intensity, due to 

its proportionality to force, based upon Newton’s Second Law:   

F  =  ma  where F is force, m is mass, and a is acceleration. 
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Full-scale for acceleration is adjustable from 1 – 50 g’s, and can be adjusted after a scan 

is made, in the event the plot is too “short” or too “tall”.    Full-scale for vibrator power is 

preset / fixed, with 100% = 3 HP ( ~ 2.2 kW ), the power capacity of the brushless DC 

motor that powers the BL8 vibrator.  Full scale for vibrator RPM is adjustable up to 8,000 

RPM, the max speed of the BL8 vibrator.    

 

Scans take ~ 6 - 7 minutes to generate, using a 10 RPM / s scan rate, depending upon 

the range of RPM chosen. 

 

The Pre-Scan is all that is visible during the beginning of a Treatment, and functions as a 

base-line / reference.  During effective stress relief treatment, resonance peaks will grow 

and / or shift (normally to lower frequencies), either change indicating that the dynamic 

rigidity of the structure is reduced, a natural consequence of stress relief that is used to 

monitor and document VSR Treatment progress.   Significant peak shifting to the right or 

peak height reduction, which can occur, are indications of work-piece shape change. 

 
 
VSR Treatment  
 
VSR Treatment is done by tuning upon the work-piece resonant peaks, and monitoring 

any changes in resonant response.   Generally speaking, stress relieving causes two 

distinct changes in resonance pattern to take place: 

1. An increase in the height of the resonance peak (typically the strongest response) 

2. A shift of the resonance frequency, normally in the direction of lower frequency (to 

the left on VSR Treatment charts) 

3. Reduction of peak height and / or shifting to the right is an indication of a change in 

workpiece shape. 
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RESULTS 

Upon removal of the braces, the variance from target dimension was seen in the range of 

1/4”.  One of the contributing factors behind keeping the variance low was that 

compensation of1/4” less than the target dimension of 112” had been performed:  Instead 

of fabricating the span width to be 112”, it was to 111.75    Thus the actual distortion 

amounts were ~ ½ inch. 

 

The potential for lowering this further is likely, if the brace welding was improved.  Once a 

brace weld breaks, the distortion that could place would tend to prevent the full benefits of 

the VSR Process from being achieved. 

 

There are two additional worthy benefits of the VSR Process, as it applies to fabricating 

these components.   

1. The “scatter” of distortion data that will result after brace removal will be less than 

with thermal stress relief (TSR).  It has been reported that, at times, even pull-in 

response has been seen when using TSR, which would completely defeat any 

strategy to use a span compensation strategy.     

2. The cold-straightening process is easier to perform, and less likely to suffer memory 

problems, if preceded by a VSR Treatment.  This likely is due to the reduction of 

stresses that would resist / interfere with cold-straightening efforts. 

 

Also worth noting is the nominal size of any power peaks on any of the charts.  

Treatments of the first pre-heater pan that was stress relieved in November had some 

issues with power peaks, but removal of the lower braces, allowing the pan “floor” to rest 

directly on the load cushions, combined with better positioning of the vibrator, were 

lessons learned from this earlier experience.   (See nodal pattern discussion, pg. 10.) 
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Nodal patterns seen during VSR Treatment are useful in that they often appear near good 

locations for the vibrator and cushions.  The nodal pattern shown below appeared during 

the treatment of the large peak seen in Figure 3.  A similar nodal line was on the opposite 

side of the pan (to the right), and the vibrator was very near to this nodal line.   

 

 

Figure 6:  A nodal pattern was made visible by flin ging Oil Dry ® on the pan during 

treatment.  A similar line appeared on the right, b ut little material was there to make 

it visible.    Mounting the vibrator near a nodal l ine reduces the chance for a 

resonance peak producing an excessively large power  peak.   Running the vibrator 

on such a power peak increases its temperatures qui ckly, and, if severe, such 

operation will likely trip the VSR System’s motor p rotection.   This explains the 

importance of plotting not only acceleration, but a lso vibrator input power, vs. 

vibrator RPM:  It equips the operator with sufficie nt information (together with 

knowing the meaning of nodal lines) to detect and a djust VSR Setups to prevent 

such excessive power peak production. 


