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Abstract

Grinding hardeningis a hybrid and complex process, influenced by a setvafious
interconnected factors. Thmain purposeof this processsto utilize the heat which isproduced
by grindingand achieve surface hardenirgf the workpiecevia martensitc transformation. So,
the basic factas for a successful grindidgardening procesare the production ofan adequate
amount of heat in order toachieveaustenitizationtemperature and the subsequent rapid
coolingwhich causesan increaseof the surface hardnessf the workpiece The temperatee
profile of the workpiece depends on # heat flow on it, and theluration of the heat source (in
this casethe abrasive wheel). Both of these factors depend on pinecess parameterécutting
depth, workpiece speed cutting speed), butthey are not associated with a simple linear
correlation. Increaimg the workpiecespeed, orthe cutting depth gives rise tdancreasedpower
consumption but not necessarilyo anincreasel heat flux o the workpiece,which depends on
factors such as thevorkpiecematerial, thecontactlength, the durationof contact, etc. In order
to have a precise estimiain about the possible hardening depth (HPC3nd the maximum
surfacehardness a careful aml detailed modeling othe processs required In this particular
diploma thesis,grinding hardening process for two materiakarely studied in the relevant
literature, namelyAISI O1 and AlSI D2studied Heat transferdifferential equationsare solved
usinganalyticalmethods,and secondlyusinga Finite BEement software (ANSYSBasedon the
temperature profile (time and spatial dependent) of theorkpieces and usingCCT and CHT
diagrams, the estimatetlardeneddepth and the maximum hardnesse calculated The resub
are compared with experimental data, aftther theoretical investigation for a wider range of
cutting conditions is also performed.
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Alloy steel designation Nominal composition (wt%)

C Mn Si Cr Ni Mo Fe

AISI 1020 0.17-0.23 0.30-0.60 — — - - Balance

AISI 1045 0.42-0.50 0.50-0.80 0.17-0.37 =0.25 =0.3 - Balance

AISI 1060 0.55-0.66 0.60-0.90 - - - Balance

AISI 1065 0.60-0.70 0.60-0.90 - - — - Balance

AISI 1066 0.60-0.71 0.80—1.10 - — — - Balance

AISI 4140 0.38-0.43 0.75-1.00 0.10-0.35 0.80-1.10 =0.25 0.15-0.25 Balance

AISI 4340 0.37-0.43 0.60-0.80 0.15-0.30 0.70-0.90 1.65-2.00 0.20-0.30 Balance

AISI 5140 0.37-0.44 0.50-0.80 0.17-0.37 0.80-1.10 =0.030 - Balance

AISI 52100 0.95-1.05 0.25-0.45 0.15-0.35 1.30-1.65 - - Balance

AISI D2 1.5 0.45 0.25 12 - 1 Balance
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Chryssolouris 2005 AISI52100 1 <' A 45 0,0025- 0,167 - 0,45-1,55 - W W W
Thai Nguyeret al. 2006 1045 Steel & ¢ 7 23 0,0066 - 0,02 L",‘\Iu'd -
Lh<. A’ _ 2006 AISI 52100 & © ¢ 1 - 0,005- 0,02 - 0,1-1 - ® ® W
HAN Zh;"go”ga 2007 40CrSteel s~ * T 1. <40 0,005- 0,025 - 005-025 - o - -
Jianhua Zhangt al. 2008 AISI1020 B ‘1 . 196 0,01-0,05 - 0,1-0,3 - ®w - w
Thai Nguyeret al. 2010 1045 Steel & ¢ 7 i . 25 0,0166 ; 0,05- 0,1 L'?\l”'d w -
Liu Judonet al. 2012 1060 Steel & * 1 . 263 0,008 0,2-0,5 - © - -
: , 0,00355-
B. Kolkwitzet al. 2012 AISI52100 [ < AL 35 0,01-0,05 05-1,0 © 0 - w
0,00708
T. Foeckereret al. 2012 AlISI 52100 s~ T - 0,01 - 0,5 - W W
Jianping Lét al. 2013 C45E4 | . <' AL 29-31 0,0003 0,03 0,1-0,5 - ®w - W
. BS970 , 0,105-
Mei Liuet al. 2014 EN26 [ . <' at 65,34 - 0,01 0525 - w - -
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AISI 1045 0,02- 0,09 0,020-
0,245
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12758 Max 988,33 700,85 41337 1259
11321 844,59 557,11 269,63 -17,843 Min
A: Transient Thermal
Temperature#20
Type: Temperature
Unit: °C
Time: 2,432e-002
1/5/2016 6:57 pp
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11437 853,31 562,92 272,54 -17,843 Min
A: Transient Thermal
Temperature #50
Type: Temperature
Unit: °C
Time: 6,272e-002
1/5/2016 6:58 pp
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Temperature #90
Type: Temperature
Unit: °C
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13 1098,3 893,05 687,84 482,62 277,41 72,194
1406,1 Max 1200,9 995,66 790,44
A: Transient Thermal
Temperature#20
Type: Temperature
Unit: °C
Time: 1,691e-002
1/5/2016 T:15 pp

585,23 380,02 1748 -30,413 Min

@
X
0,000 4,500 9,000 {mm)
2,250 6,750
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1421,8 Max 12144 1006,9 799,45 591,98 384,52 177,05 -30,413 Min
A: Transient Thermal
Temperature #50
Type: Temperature
Unit: °C

Time: 4,361e-002
1/5/2016 T:15 pp
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A: Transient Thermal
Temperature#90
Type: Temperature
Unit: °C

Time: 7,921e-002
1/5/2016 7:16 pp
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14645 [FEE] L5 768,95 536,44 306,09 75,4

23
15802 Max 13487 1117,2 885,71 654,2 422,69 191,18 -40,332 Min
A: Transient Thermal

Temperature#20
Type: Temperature
Unit: °C

Time: 1,254e-002
1/5/2016 7:20 ppu

0,000 5,000 10,000 {mm)
B S
2,500 7,500

i1 [
15985Max 12343 870,15 505,96 141,76
1416,4 1052,2 688,05 323,86 -40,332 Min
A: Transient Thermal
Temperature#50
Type: Temperature
Unit: °C
Time: 3,234e-002
1/5/2016 7:20 pp
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1598,5Max 12343 870,15 505,96 141,76
1416,4 1052,2 688,05 323,86 -40,332 Min
A: Transient Thermal
Temperature#90
Type: Temperature
Unit: °C
Time: 5,874e-002
1/5/2016 7:20 pp
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Proces temperaiure
Proces Maiure of e o °F Typical case depih Case hardness, HRC Typical bese metals Process characlerisic
Carburizi
Pack Diffused carbon £15-1080 150020010 125 pm—1.5 mm S50-63a) Low-carbon steels, Low equipment costs; difficult to contmol
{560 mils) low-carbon alloy steel case depth accurately
Gas Diffused carbon B15-980 15001800 75 pm-1.5 mm S50-6%a) Low-carbon steels, Good control of case depth; suitable for
{360 mils) low-carbon alloy steels continuous operation; good gas controls
required; can be dangemus
Liquid Diffused carbon and  §15-980 1500-1800 50 pm-1.5 mm S0-65a) Low-carbon steels, Faster than pack and gas processes; can
paossibly nitogen {2-60 mils) low-carbon alloy steels pose salt dispossl problem; =alt haths
require frequent maintenanoe
Vacoumy/LPC Diffused carbon BI5-10800  1500-2000 75 pm-1.5 mm 50-6a) Low-carbon steels, Excellent process control; bright parts;
{360 mils) low-carbon alloy steels faster than gas carburizing; high
cquipment costs
Nitriding
Gas/LPN Diffused nitrogen, 480-590 Q001100 125 pm—0.75 mm 50-70 Alloy steels, nitriding steels, Hamdest cases from nitmiding stecls;
nitrogen {530 mils) stainless steels quenching not required; low distortion;
compounds process is slow; is usually a bhatch
process
Salt Diffused nitrogen, 510-565 GS0-1050 2.5 pm—0.75 mm S0-T0 Must ferrous metals Usually used for thin hard cases < 25 pm
nitrogen 0. 1-30 mils) including cast irons {1 mil}; no continuous white layer;
compounds MOSt Are PrOPTictary processes
Ion Diffused nitrogen, HO-565 650-1050 75 pm—.75 mm 50-70 Alloy steels, nitriding steels, Faster than gas nimriding; no white layer;
nitogen {330 mils) stainless steels high equipment costs; close case
compounds control
Carbonitridi
Gas Diffused carbon and  7T60-870 1400-1600 75 pm—).75 mm S0-65a) Low-carbon steels, Lower temperature than carburizing (less
nitrogen {330 mils) low-carbon alloy steels, distortion); slightly hander case than
stainless steels carburizing; gas control critical
Liquid (cyaniding)  Diffused carbon and 760870 1400-1600 25-125 pm 50-65(a) Low-carbon steels Good for thin cases on noncritical parts;
nitm {0.1-5 mils) hatch process; salt disposal problems
Fermitic Diffused carbon and  565-673 1050-1250 2525 pm 40-60a) Low-carbon stecls Low-distortion process for thin case on
nitrocarburizing nitrogen {0.1-1 mil) low-carbon steel; most processes anc
proprictary
(iher
Aluminizing (pack) Diffused duminum  #70-980 1600-1800 25 pm—1 mm < M) Low-carbon steels Diffused coating used for oxidation
{1-40 mils) mesistance at elevated temperatures
Siliconizing by Diffused silicon D25-1040  1TOO-1900 25 pm—1 mm 30-50 Low-carbon stecls For comosion and wear resistance,
chemical vapar {1-40 mils) atmosphere control is critical
deposition
Chromizing by Diffused chromivm — 980-1000 1E00-2000 2550 pm Low-carbon steel, High- and low-carbon steels Chromized low-carbon steels yield a low-
chemical vapor (1-2 mils) < 30; high-carbon cost stainless steel; high-carbon steels
deposition steel, S0-60 develop a hard cormosion-resistant case
Titamivm carbide Diffused carbon and  900-1010 1650-1850 25125 pm = Ti{a) Alloy steels, tocl steels Produces a thin carbide (TiC) case for
titani vm, TiC {0.1-0.5 mil) mesistance to wear; high temperanre
com pound may cause distortion
Borniding Diffused boron, 4001150 TS-2100 12.5-50 pm 4= T Alloy stecls, tool stecls, Produces a hard compound layer; maostly
boron compound {0.5-2 mils) cobalt and nicke] alloys applied over hardened tool steels; high

Process temperaiure can cause
distortion
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The micro-hardness HVj 5

Continuous Cooling Transformation (CCT) Diagram
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[mm]
0.2 0.60 0.570 5.53%
0.3 0.81 0.860 6.60%
0.4 1.01 1.070 5.92%
0.5 1.21 1.240 2.18%
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1 CrmiREAEY Rmt v [ WAsK & Y mzzBuARRzY tfuOIMt | & £ HO%2 Steel
(Heattreater® guide: Practices and procedures for iron and steel (1995))

[t ? B B.1]

F1ICrMIiREAL T PREY L] WAAAs f % & | mzZBUABRZ [JuOIMmt | & £ BOBO Steel
(Heattreater® guide: Practicesand proceduresfor iron and steel (1995))
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