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Flame straightening – Technical information

Flame straightening is used for correcting deformations which occur in welded constructions. Shrinkage in the weld itself and the surrounding material due to cooling occurs in all welding. Shrinkage causes deformation and buckling in the surrounding plate, even at some distance from the welds. Deformation can also stem from thermal stresses created by rolling or thermal cutting. The extent of the deformation is largely dependent on how welding is executed. Distortions are especially visible on painted or lacquered surfaces. It is usually impossible to stretch areas that have shrunk due to welding. One solution is to attempt to shrink the over-extended areas, a job for which flame straightening has proved to be suitable. Flame straightening is particularly convenient since no equipment other than a blowpipe is normally required. The operator however, must be well aware of how the workpiece will react to heating and how shrinkage forces can best be utilised for straightening. In contrast to mechanical straightening, the results of flame straightening are not evident until the structure has cooled.

Principle

The principle of flame straightening is based on using the hottest flame possible (Preferably Oxy/Acetylene) for rapid heating of a limited portion of plate to a temperature of approx. 600 degrees Centigrade, at which point the plasticity of the steel has been substantially increased. Since the surrounding material remains cold, the heated parts will be restrained during the heating and upset so that the excessively long parts will shorten during cooling. The plate may also be restrained by external means such as clamps or loads. 



































































































































This example illustrates the principle of flame straightening.

If we first examine an unrestricted steel bar which is uniformly heated (Fig.1), we find that it will expand in all directions. When the flame is removed the workpiece will cool and contract to its original dimensions. If the bar is restrained during heating (Fig.2), longitudinal expansion is prevented. This will lead to a build-up of compression stresses which increase as the temperature increases. Finally the compressive yield strength limit is reached and the material is plastically upset. This up-set is expedited by the fact that the upset limit decreases as the temperature increases. During the cooling the workpiece will be shortened due to the upsetting.

Equipment

The best straightening effect is obtained by a number of local heatings. This has led to the use of multi-flame plate straightening blowpipes with three flames. This type of blowpipe greatly facilitates flame straightening, permits the best possible control of the straightening process, is the most economical and produces the smoothest surface. Multi-flame blowpipes are especially suitable for straightening large areas of plate such as decks and deck structures on ships. For straightening beams and sheet metal less than 4 mm thick, a single-flame blowpipe is most suitable. Single-flame blowpipes of varying sizes can be connected to the same type of shank as the multi-flame blowpipe. The three-flame blowpipe is suitable for straightening plates from 4 – 12 mm. The operator should also have a straight edge of approximately 1.5 meters to determine the appearance and size of deformations.  
















































































































































































Execution

Different constructions with different types of deformation demand different straightening methods. It is therefore impossible to provide a general description of the flame straightening process. Such factors as residual stresses due to rolling, thermal cutting and welding greatly affect the results of straightening. Tolerance requirements can also vary from case to case. A few examples of how flame straightening can be executed will be given here. The straightening involves a deck section and the wall of a deckhouse, both with a plate thickness of approx. 8 mm. Both of these constructions are flame straightened in the same manner except that the deck can usually only be reached from one side. Begin by straightening the plate directly above the stiffeners. Straighten the side of the plate which is too long, i.e. the convex side.


















































































































































































































































































This plate is asymmetrically deformed (Fig.5) it is deformed upwards on one side of the stiffener and downwards on the other. The blowpipe should be applied eccentrically. One of the outer flames is located


































































































directly above the stiffener while the remaining flames are over the side of the stiffener where the plate is deformed upwards. 



 













Deformations which are as distinct as those shown in the two examples (Fig’s. 4 & 5) are rare. It is therefore essential that the deformations in the vicinity of the stiffener, i.e. the area directly affected by the flames, be carefully studied.

















































































































In this case (Fig.7) the blowpipe is located ecentrically, since the plate is flat in the middle, the plate there will rise and then revert back to its original shape. As in the previous case, the flames are positioned over the high sections. 











The stiffeners are distinctly visable in this case (Fig.8) since the plate has been deformed downwards on both sides of the stiffeners. Only one flame located directly over the stiffeners should be used in this case. 








In this case the plate in the middle is not deformed. In any case, the operator should apply the blowpipe eccentrically while carefully observing how the plate reacts to the heating. If the plate droops down, the blowpipe must be returned to the normal position with the centre flame directly over the stiffener. 

When flame straightening near the stiffeners the operator should take care to ensure that as large an area as possible is treated in order to prevent the individual heating passes from adversely affecting each other.

The following illustration (Fig.10) presents an example of a correct heating sequence.


   



First the plate above every other stiffener is straightened (1,2 & 3). Then the plate above stiffeners 4, 5 & 6 are straightened, but with the heat bands somewhat displaced. 

If extreme deformation still remains after the first straightening pass (1 – 2), further straightening may be necessary. These passes are marked with the numbers 3 – 6 (Fig.11).















































































































































































































































































In cramped areas, the blowpipe can be displaced by half the distance between flames (see pass 3 & 4 fig.12) as heating the same area twice is not recomended. During the second straightening ensure that there is space between the heat bands otherwise the stiffener may bend. The appearance of the plate after the initial straightening with the blowpipe eccentrically located must be studied carefully. 



Repeated heating is not always advisable in every case. Buckles with large bumps, for example, are difficult to straighten.




Fig.13 shows a buckle which is suitable for renewed heating. This buckle has the smooth contour which is necessary for a second straightening pass to be possible.

Straightening buckles

After the area around the beams is straightened, the remaining buckles in the intermediate plate surfaces must be heated. Convex buckles on the deck must be straightened first. To obtain the smoothest possible finish on the completed work, the small buckles must be treated before the larger ones.




































Continued heating is now carried out depending on the type of buckle present in the plate, according to either Fig.16 or Fig.17 below.
































































































































































































































































































































































































In most cases the flame-straightened section will now be within tolerance and straightening is concluded. However there may be some special cases such as short buckles which require further treatment as below. 

Short buckles

Short prominent buckles can prove difficult to straighten but if treated in the following manner the buckles can be extended, thereby lowering their rigidity.

















































The flame is applied in the middle of the buckles and directed forward. This preheats the material over a large area and the plate will then rise toward the flame (Fig.21). After the buckle has been extended in one direction, the blowpipe is directed at the middle and the buckle is extended in the other direction. The buckle then loses its rigidity and becomes easier to straighten.

Flame straightening of pre-fabricated parts

Pre-fabricated parts to be flame straightened must be firmly fixed to prevent movement. It is therefore impossible to straighten open plate surfaces efectively. It is quite common for shipyards to construct deckhouses as separate units from the ship and then place them on the deck with all straightening completed. This construction method is only possible if the bottom plates that are to be welded to the deck are sufficiently stiffened during straightening.
































Flame straightening cannot begin until all welding is completed. The deck plates in the deckhouse should be straightened first and then the underlying walls (Fig.23).


















































Unrestrained


Fig.1





















































Restrained


Fig.2
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The blowpipe should be held so that the tip of the inner cone of the flame is approx. 4 mm from the plate surface.





Fig.3
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Fig.23























Move the blowpipe directly over the stiffeners (Fig.3) so that the intermittent heat bands become dark red in colour (temperature approx. 600 deg Centigrade). Always locate one of the flames directly above the stiffener while the remaining flames are displaced according to type of deformations in the surrounding plate. The following examples illustrate the location of the blowpipes. Where the plate has been symmetrically deformed on both sides of the stiffener (Fig.4) either upwards (+) or downwards (-). The Blowpipe is then located symmetrically with one flame on either side of the stiffener, despite the fact that this is the concave side of the stiffener.





Fig.4		 Blowpipes		 -           -
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Fig.5				+        -





				



































Fig.6 





The heat bands should be approx. 100 mm long on a 4 - 6 mm thick plate and approx. 250 – 350 mm long on an 8 – 12 mm thick plate. The distance between heat bands should be approx. 100 mm.
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Fig.8





Fig.9
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Fig.10




















Fig.11
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After the 1st straightening pass
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After the 2nd straightening pass











Fig.13





Fig.14





The example in Fig.14 illustrates this method. Firstly 2 or 3 spots are heated (No.1 in fig.14). After these have cooled their extended areas are then heated (No.2 in fig.14). It is important that heating is not resumed until the first spots have completely cooled down.  
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Fig.15
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If the deformation is not corrected by heating the middle of the plate, new heating bands (No.3 Fig.15) must be applied to the sides.





Fig.16
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If the buckles are uniformly distributed over the entire plate, heat bands are applied in accordance with Fig.16. If the buckles occur mostly in the middle, the new heat bands shall be applied within the previous heat bands as in Fig.17. Many of the previously concave buckles will disappear as the convex buckles are straightened. Those buckles still remaining on the wall are now straightened from the inside in the same manner as described above.





Fig.17
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Fig.18





 If there are any sections where the upper part is convexly distorted and the lower part is concavely distorted, straighten in the following sequence. Firstly the convexly distorted section is straightened from the outside (No’s. 1 & 2 Fig.18). The lower part is then heated from the inside (No’s. 3 & 4 Fig.19). Observe that the heating bands on both the outside and the inside form a common pattern and that heating is executed from the convex side of the plate. Whether the final heating (No.5 Fig.20) in the transitional area between the (+) to (-) is to be done from the outside or the inside must be determined in each individual case. Heating shall be carried out from the convex side of the plate, which in this case means from the outside. In this case the blowpipe should be moved upwards. If heat has to be applied from the inside the blowpipe is moved in the other direction (always towards the convexly distorted section).
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Fig.19
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Fig.20
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Fig.21
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Fig.22
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