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ABSTRACT: In the present paper it’s present an indexing device used to protect the blooms tilting mechanisms 
on rolling train, the modeling and its CAD using Autodesk Inventor Professional, respectively that 
experimental tests on a laboratory model of the device together with the results analyzes in table and 
graphically form.  
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 INTRODUCTION 

 
The proposed device is used to protect the tilting mechanisms from the blooming type rolling 

train if accidental increase the force from the main tilting rod.  
The main rod of the tilting mechanism is a sword-sheath construction; the combination of the 

two components is accomplished by two bolts, 
which are designed to break when the force 
exceeds a value determined by design. The 
proposed protection device works on the principle 
of indexing systems with balls, is adaptable to the 
tilting mechanism rod and serves to eliminate the 
time when the rolling train not work to change the 
broken bolts with new ones. Principle sketch of the 
protection device with balls is shown in fig. 1. 

Instead each shear bolt will be mounted a 
pair of spherical locking elements (balls).  

If the force of the rod tilting mechanism 
exceeds (accidentally) the operation mode 
corresponding value, the balls from the device construction are retracting in space from the sheath 
rod, compressing the springs. In a new cycle of the tilting mechanism, in the conditions when the 
causes that led to accidental increased of the force from rod mechanism stops, the springs will push 
the balls back into the tapered channels from the sword rod, and the mechanism will still function 
normally, without the rolling train to be stopped, respectively the rolling process stopped.  

Taking into account that the connecting rod’s critical force (the spring’s pressing force) is very 
big and because the spring’s space is limited (for a little deformation), is recommended to use 
compression ring springs, which satisfy the conditions below. 

 
 INDEXING DEVICE DESIGN 

 
The dynamic analysis of the tilting mechanism from the rolling train 1000 mm found that the 

maximum force (to break the bolts) of the rod mechanism is:  
F= 475000 [N] 

As noted in the bibliography, for designing the indexing device, the calculation force that this 
device need to give up, is obtained by amplifying the regime force system with a safety factor from the 
biggest force in the rod KF = 1,116. So, the calculation force that triggers the locking device with 
spherical bodies is:  

[ ]NFKF F 530100475000116,1max =⋅=⋅=  
Calculation scheme for ball device design is shown in fig. 2.  
In order to design the protection device with ball, the constructive choose the following sizes:  

 trapezoidal channel opening semiangle, α=30–50 degrees  

 
Fig. 1. Protection device with spherical elements. 1 - 

rod sheath; 2 - sword rod; 3 - spherical locking element 
(ball); 4 -  compression spring; 5 -  screw cap  
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 ball diameter, depending on indexing device dimension, db = 40–50 [mm]  
 trapezoidal channel depth, h = (0,2…0,5)db  
 trapezoidal channel connection radius, r ≤ 0,5db  
 load uneven distribution coefficient between the ball and lock 

body, λ=0,8  
 Initial deflection for spring assembly, δ1 = 18 [mm]  
 coefficient of friction μo = 0,15  
 longitudinal MOE E = 215000 [Mpa]  
 admissible strength at the balls contact load σak = 5000[Mpa]  

Then calculate the following sizes:  
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The above calculations are performed 
using a computer program written in Visual 
Basic. Program work interface is shown in 
fig. 3, together with calculated values 
displayed (including sizes for ring springs).  

Based on the above calculated sizes, 
automatic protection device with balls was 
modelled 3D, in Autodesk Inventor 
Professional program. In fig. 4 is presents 
the model photo-realistic images.  

 
                    Fig. 4. 3D model indexing device  

 
 EXPERIMENTAL TESTS ON INDEXING DEVICE 

 
In order to follow the behavior of 

the indexing device with spherical locking 
elements whose design and model were 
presented in paragraph 2, because of rod 
big dimensions where this system adapts, 
has been designed and implemented a 
small dimensions model to be tested under 
laboratory conditions.  

Active elements of the device 
experimental model with nominal 
dimensions respectively how to make a 
contact between trapezoidal channel - 
ball - ball guide element are presented in 
fig. 5. 

According to fig.5 trapezoidal 
channel angle is α = 83/2 = 41,5degrees, 
which is within the range 30-50 degrees, 
and ball diameter is 24 mm.  
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F1arc
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Fig. 2. Indexing device calculation 

scheme  

 
Fig. 3. Program interface  

 

             
Fig. 5. Active elements geometric dimensions  
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The fig. 6 picture presents the active elements of the developed device model.  
 

 
Fig. 6. Active elements of the indexing device  

 
As a compression spring, for pressing the balls in 

trapezoidal channels, to the indexing device 
experimental model studied, does used compression 
springs, know their calibration curves.  

Experimental tests on experimental model of 
protection device with balls, where made on the 
universal test machine, according to fig. 7.  

 
The experimental tests will pursue a 

dependency between the preload force of coil 
springs and the force where device with balls 
will trigger (read on the test machine dial).  

 
 

 
Compression springs preload 

force, will result from their 
calibration graphs based on their 
deformation, determined as the 
multiplication of the turns number of 
cover and their thread pitch (p = 1,5 
[mm]).  

The experimental results are 
processed into tables and graphics, 
and an example is shown in table 1 
and fig. 8. 

 
 CONCLUSIONS 

 
Indexing device with balls was 

bring under stress tension, aiming 
determining the dependence 
between the force where the system 
gives up (read on the test machine 
dial) and the preload force of the spring coil (determined from their calibration graphs).  

We used three pairs of compression springs, different stiffness, respectively C1 = 3,82 [N/mm], C2 
= 11,25 [N/mm] and C3 = 6,56 [N/mm].  

The construction of the device with spherical locking elements was used two balls with a 24 mm 
diameter and a tronconical channel with 83 degrees opening angle and a depth of 9.6 mm.  

Analyzing the results of experimental tests on an experimental model of ball device, it can say 
the following conclusions:  
• The model on small-scale of indexing device with spherical locking elements work correctly for all 

three pairs of springs used.  
• In the tests it was found a linear increase of the force when the ball device gives up, in relation to 

the spring’s preload force.  
• For springs pairs with different stiffness, on the same preload force, the force at which the 

indexing device with balls starts increases with the spring stiffness.  
• The force value in which the device with balls starts, depends on trapezoidal channel dimensions, 

decreasing with the increasing its angle.  
 

 
Fig. 7. Experimental tests  
on experimental model  

Table 1.  Arc 1 C1 = 3,82 [N/mm] 
f[mm] 3 6 9 15 18 

 4 7,5 11 19 24 
 3,5 8 12 18,75 23,6 
 4 7,75 12,5 20 23 

Fmediu[daN]  3,833333 7,75 11,83333 19,25 23,53333 
      

Farc [daN] 1,2 2,4 3,4 5,8 6,8 
F [daN] 3,83 7,75 11,83 19,25 23,53 

Arc1,  C=3,82 [N/mm] y = 3.4669x - 0.3524
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Fig. 8. Trigger force variation of the indexing device  



ANNALS OF FACULTY ENGINEERING HUNEDOARA – International Journal Of Engineering 

Tome IX (Year 2011). Fascicule Extra. ISSN 1584 – 2673 170 

 
 REFERENCES 

 
[1.] Burchard, B.,  ş.a., Secrete AutoCAD 14, Editura Teora Bucureşti 1998 
[2.] Cioată ,V., Miklos, I. Zs., Proiectare asistată de calculator cu Autodesk Inventor, Editura Mirton, 

Timişoara, 2009 
[3.] Drăghici, I., ş.a., Indrumar de proiectare în construcţia de maşini, Vol. I,II Editura Tehnică Bucureşti, 

1981. 
[4.] Kelly, J.,  Utilizare, Microsoft Excel 97, Editura Teora, Bucureşti, 1998. 
[5.] Miklos I. ZS., Cioată, V., Desenare 2D cu AutoCAD 2002, Editura Mirton Timişoara, 2003 
[6.] Miklos, I. ZS., Contribuţii privind îmbunătăţirea performanţelor tehnologice ale mecanismelor de 

răsturnat blumuri la liniile de laminare, Teză de doctorat, Universitatea din Petroşani, 2001. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

 
 
 

ANNALS OF FACULTY ENGINEERING HUNEDOARA 
– INTERNATIONAL JOURNAL OF ENGINEERING 

copyright © University Politehnica Timisoara, 
Faculty of Engineering Hunedoara, 
5, Revolutiei, 331128, Hunedoara, 

ROMANIA 
http://annals.fih.upt.ro  

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


