Table of Contents

INEFOAUCHION et sttt n e e e 13
PART | . Fundamentals of the burnishing process .............c.cooceeeeeveeevceeveeireennn, 19
1. General infOrmMation .......c.cocieiiieiicceccccee e 21
1.1. Development of burnishing .........cccccevviviiiiiiiiciecccec e 21
1.2. Purpose and range of application .........ccceevvivieiveieeeeeeeeeeeee i 23
1.3. Application lIMItatioNs ......ccecceecriiriiieiiecece et e e esee s 25
1.4. Advantages and disadvantages of burnishing ..........ccccoceeeeevvevrnnnn. 27
1.5. ECONOMIC €ffiCIBNCY .vivvieieiiicticiectectec et 29
2. Kinematic characteristics of burnishing methods ..........cccoveevvveevveeveennn, 32
2.1. Classification of burnishing tools and methods ..........cccccovevvvvvvernenn.. 32
2.2. Static MEhOUS! wuvsmmommmmmimsummmmmmms st s s S B 5 kS smmmmmnramsens 36
2.2.1. Turning thrust burnishing .........cccccoeeivivviivieeeeeeee e 36
2.2.2. Slide thrust burnishing ........cocoveviiiieiiiceeee e 68
2.3. DYNamic Methods ......ccceviiieieiieciicec et 73
2.3.1. Concentrated impact burnishing ........cccocvvvveeecreeeeeeeeeeeeenn 74
2.3.2. Dispersed impact burnishing .........cccoeevvveiveeiieeeeeeeeeeee 83
3. Physical bases of burnishing Process .........ccocvveevveivieseeceeeeeeeeeeeeeeereeeseens 87
3.1. Physical model of rolling burnishing ..........ccoccevvvieeveeeeeeeeeeeeeenn 87
3.2. Strengthening the surface layer .......cccoocveveveivieceeeeeeeeeeeee e, 92
3.3. Depth of run of plastic deformations .........ccccecvevveeveriereeeeeeeeeeeeennans 103
3.4. MetallographiC StTUCLUIE .....c.cccceeiireieireieiecceeeeee e ee s 112
3.5. Temperature in burnishing zone ..........ccoecvveviicicieeeeeee e 118
3.6. Condition of residual Stress ........cccvvueeeeiiiiiiceceeee et 122
3.7. The composition of surface layer after burnishing ..........cccccccevvunen... 136
4. Performance effects of bUrniShing .........ccccecvvieeieiicieieeeeeeeeeee e 140
4.1. Fatigue Strength ......ccoviriiiiiicccee e 140
4.2, Grindability ....cccovieiieiiiieie e 150
4.2.1. ADFasiVe WEAT ....ccecuecuieciieieciecieciccte ettt e eeeeeeeeeaaes 150
4.2.2. Friction COEffiCIBNT ..cveeviiieciecceeceeeeceeeee et 162
4.2.3. Resistance to galliNg .......cccvveevieveieiiieiece e 163
4.3, COITOSIVBIIESS wovusussssnmosssssunssssss s esmsssssisnnssssisssssssassns sosmnnesnsasmunssnnesnnnnn 166
4.4, CONTACt SHIFNESS iiismsimminirssessmmnsorsresssressnsnsnssssansesismsson ssomssemmsssressssss 170
4.5. Other effects of burnishing .........ccoociiiiciieiceeeeeceee e, 172
5. Loads and deformations of roughness in burnishing process  ................... 173
5.1. Loads conditions in @ working SyStem ..........ceceeeveeeeeeeeeeesereereeeeeenns 173
5.2. Deformations of roUBhNESS ..........coeevuiiuivieeeeeeeeeeeeeeeee e 178

6. The influence of burnishing conditions on technological quality
OF @ WOTKPIECE ittt et s e e e e s 187
6.1. Dimension and Shape aCCUraCy .......ccccvvieieviesteereeieseeseeeeeeeeeeeeanas 187
6.1.1. DIMENSION ACCUTACY  .uveiiriiirieeerieesreeeereesereeeeeeeereseseeesseeesnneen 187

6.1.2. SNAPE ACCUTACY .ovieeieieiiereetecteete ettt e e e eeeeneene s 197



m Wiodzimierz PRZYBYLSKI  LOW PLASTICITY BURNISHING PROCESSES

6.2. ROUghNESS and WaVINESS .....ocvveeeriieriiiesiiciiii e
6.2.1. The influence of burnishing conditions on surface roughness .
6.2.2. The influence of burnishing conditions on surface waviness ...

6.3 Waterialirallle) st s s s

6.4. Imperfections of burnished 0bjects .........cccoevviiviiiiiininiiiie

6.5. Complex assessment of the surface layer and burnishing quality .....
6.5.1. Conditionof the surface layer ......wsssssisssmssivmammms
6.5.2. Complex assessment of burnishing quality

Part Il. Technology, tools and machining tools used in burnishing processes ...
7. Construction characteristics of burnishing elements

B. Selecting buirnishing CONAILIONS  susssssssisses ssmermapsrasussaysvsssmsssssrsnsssssemyssssmisss
8.1. General guidelines regarding the selection of burnishing conditions
8.2. Conditions of thrust turning burnishing ........cccccevieiiiiiiiiiiinicinns

8.2.1. Burnishing with flexible thrust ........ccccoiiiiiiii,
8.2.2. Burnishing with rigid thrust ........cccccooiiiiiiiiiiii
8.3. Conditions of oscillating burnishing
8.4. Conditions: of slide BUFRISHING, wssmsmmmmsmssmmsrmasmmssssisminsmmmsms
8.5. Conditions of dynamic burnishing .........cccoceeeerimieiniiieiiiiiciecien

9. Burnishing technology, tools and machine tools intended for outer
CYITNCrICElSUITATES! i muinmusmmsing s ssion s s s TR AR RS A IR a3
9.1. Tools and machines for disc burnishing .......ccccccrverriiiiiniceniiieiien
9.2. Tools and equipment for roller burnishing ......cccccoeviiviiiiiiiiniicnn,
9.3. Tools and equipment for ball burnishing .......ccccccoovriiiiiiiiiiiinnns
9.4. Tools and machining devices for slide smoothing .........ccccceiviiiinnnn.

10. Burnishing technology and machine tools intended for inner cylindrical
LU = [T ST
10.1. Tools and machining devices for roller burnishing
10.2. Tools for ball bUrnishing .:.essasmmsmmmasmssmn s
10.3. Toals for dynamic burnishing, ........mscirimiemsrinsmsssismissssmsiis
10.4. Tools for sliding burnishing .........ccccceeviieiiniiiiiii e,

11. Burnishing technology, tools and machine tools for flat and shaped
SUFTBATES: somminwvmrmsissmonsionimissnicesassyusims s Saisimnsionsinbas langs i s SRS F ATRRTERTS
11.1. Tools for discBUINISAING vuuvsssrsrmisesssmmssamimes omsarssesmmrsssessnenssrniseonss
11.2. Tools and machines for roller burnishing ........ccccccoovvriiiiiiiniiniins
11.3. Tools for ball BUFRISNING  suwsessssmessamssmssmmmmssssinsssssammsespumsessmssssessvsse
11.4. Tools for:slide BUFNISAING . ssssmssrsrimmmunsmmssssssssnmmammsstsssmim s omy

12. Burnishing technology, tools and machine tools for shaped surfaces .......
12.1. Tools and machine tools for disc burnishing ..cussesssssssmsssssmmsssonvnsnss
12.2. Toolsfor roller BUrnisShing .c.esmmssmsmreonsmsrasmms s nmomamims
12.3. Tools for ball burnishing and slide smoothing .........ccccceevviiniienenns

13. Burnishing technology and equipment for heavy elements ...........cc...e....
13.1. Burnishingiofishafts .c.smusmmmemmmranmimamissmare s mmims
13.2. Hole DUrMISHATIE! s oo i demma s irmmhissssssaioiviiiis s
13,3, Burnishing of flat SUITAtES .osuwsemsmmiomamersmmmsinssrssanms sainsebarsisions
13.4. Burnishing of shaped surfaces ........cccccccnvieiiiiiiinniiniiiciicccicees

14. Application of burnishing in machinery repair and maintenance .............




Table of Contents m

14.1. Regeneration of shafts with electromechanical burnishing ............. 481

14.2. Burnishing hardfaced surfaces .......cccccccoooviiveiieiiiiieeeeeeeeeeeeee e 485

14.3. Burnishing galvanized surfaces ..........cccoveeveevievecvecciesieieeceeenen, 490

15. Application of burnishing for smoothing machining of wood ................... 496
16. Application of burnishing machining in Flexible Manufacturing Systems . 500
SUMMAIY et eear e e s sab e e e e bt s e e e sabe e e s ebaeeessneeeesannneessns 505
BIblIOBraphy et 506
APPENDIX D cossossmumsommossimsnssunsmsio s s i siissvia s s nsrsmmass s imassmsoms sssanss 517
RERENDINZ9] emmem e e W B e ol o DLW 518

APPENDIX 2D ot et re s 525



