
d 

4.111111101EMAIM11-iffitITA 

f115ff01.111ff101ilt1 115",,141111f1t1154fliflii 1 	 2557 

ilii/11 	16 iVrilfth 2557 	
Via1 09.00-12.00 14. 

WI 	237-407 Failure Mechanics and Analysis 
	 110A S201 

1. ITDV101.1V.14114'314 6 4o i114-314 3 11111 

2. Wilr(15115`.',1 flD1_11iDn1.1 Case study: Elevator Chain Wheel Shaft Break Analysis 11,W19iDle 

61141 	0'3 ITN '311 11 11111 

3. milAioluallum1914-mou tilitruvanumwhiltisiqInt 

4. D-11115t1111WfW(15111f1911A 

5. flnallaMtlf15114flq1.1.11,130 % TO1f12,11,14145'311111111191 

61411q\9411151.10iIllfill&lyirliaffou ttnti,411.11C(011  

1. 1.11)mornAofiNIOUtil,= 1 tdu 

. t11514qa ivrtival 

aurfou 

11
9, 

 01/1 t-1, -.,' I, 1,141-4111 fln11,11,1TD11140111 

1 15 

2 15 

3 20 

4 10 

5 10 

6 30 

flt,111,1115111 100 

1/3 



2/3 

111.11.1110ff0111111-IfIllf/tdifinillciedllahtilnYIJ '111114WD-1 2557 

I. 110tiltiuolVil11efacg 

1. ?(11.115f11-11t0flff1511n9silo Itd.,t911115tIllilUML11141InGifilqt41la4trD1Jl4 

2. 91f17101114N1fl151tf151n1f115931191 1 PIT1J 

Case Study : Elevator Chain Wheel Shaft Break Analysis 

lifiiiiilfM1191fl -)1344111 Fracture Mechanics, Systematic Failure Analysis, Heat Treatment, Metallurgy, 

Materials Engineering, Manufacturing Process ttac,fif1111161,11 41111inf1551.101dOi Di1J1UNdt11111t151(et',14 1,11D 

1411,1f11591DIJ6iDnU 

3. tlfl1 3 4'0111 €11)Dr(Dlin1'1l1i1Jq 4 119:11t111111J16 (Materials Analysis, Process Analysis, Failure 

Analysis, Management & Prevention) 

II. -Toqi11.<',ff.itiluniTaav 

t1No11l1-dniininframilltt151nfilt1111A5tu1J 	 ttan_15,1nq191114n15 

aultni5inwmatridttriAlliciall 	 um191f1151,11,11frTh55111.4 

itimplsaidlairu 

11161 Future Engineering 11,11J5 '`,TV1i3f Slovenia NaV1/1,M1,11109.11f15t1f611`Wrilirf91t1111 Chain Elevator 4;114 
v  

Flqh1q1ifl5illplillic11,17111,N1141d1 Kfq 1 9p1 11115111V A 1110 14 1,64 D`14C11 11A 3 t6'DI-4,611.11 FW1611111 5 1 1 111 B 

illf31,1 3 lq UM,'"-dfl 6 thWiDIJ1 	11/115 1 11,1 C '6f1 5 1191 119V1_71-16-161F1Wil 14I 5 114 D fl 5191 61 

Order 4D1F1q41111,1151licu A '11licIJI115 4f111 1111111,1INDI'afl 10 GlM Itacl/wIflI54411,1.6'11 	fl 40 1f I1  

it1DI7 1 111,1 A 14111114 14 AD1-1 1111-i1 Shaft 411 Chain Wheel 61J109i1p 1IA1111N111151_15 ,41-1 (12 th14) 

4inf1lll'01151411-1 A DEJ1flff(11149f115911191 'ilcIFL-111,151c̀1,.;f115 61,41114 	f1111J11111^1i0161J014P491 111,4fil 

Shaft 	2 414 lilifft-Mii-IttcsillifIllf15 lnlf115 91110 q-11.11011?115 

Elevator Chain Wheel Shaft Break Analysis 

joondogou rusoatind friss-cid 



3/3 

WillAnNioaufiltnua.nielcdcw 
3, 

1. Failure Mode TO1 Shaft fiD Mode 10 61111tia,DZLIAtc111,14-)11,9Gfillf11-411156111p1 Mode VI 6111,110 6UNI115 ,' 

LIllarlt119146f16UDA1115G1111011101,14151111100 ( 15 fr:,11,141,1) 

2. Root cause 6UD11115 611110 -111f115filcd 611015 101111 flO nitc11911q (15 tInt141.4) 

w 	 ,  
3. T11111,1qPM LIPUDII 1 UM,' %DI/ 2 ii11.110i1110fTh11111151311911:111,4119101-,M4115.tivil Shaft 1110DON11161,1 

v  
1101111f115ilff151T1 010f111111411-1 Fracture Mechanics 	Failure Analysis (20 fr.vittl-11,1) 

4. 1141115P110 Shaft 0'
0, 

 314195
9)  
115 1111114f115D11111114f11111f0141,11JUlA tbM,'NflgiaqiIIMJ1171111,911fltt,d2,-1/11IM,' 

11/0141-10d1115 rirAmdaiDniraiiqn-159hrati-1115 (10 fiat 14) 

5. lifinwAiduiJpin5oeuolircqii92,14vii Shaft 11Tfli tlidlY1Tild149 	tbWct,"fr11115t114111-ifillq1Jf154910i:I TI1  

111411114d011159111911J100-iith V.1,,13Dflli)idq611110911101514114)111  ttanSan*Hiniqrdlq (10 02,fulno 

6. Future Engineering 14i1J11159111icri9111I11111-1 A `i'lctild 1111111 Future Engineering 

	

qt,A1491tWIlliiT:„1411140ta0111iic1111f01110 LtMinDfliVil;9.',94,fltifthl Oder IlLIMMIJ10 	1111  

`110161,111i14610f1151110611qcdf15aiti0h111U'') 9,1J n5 ta filAilFiqviltwjillgu Order d'') 1110  

lifilf11111141f11115fralf1d1') Wt-,111M11511i111561f115Dd11101A (30 flnand) 

cloondeaou : 	ru5ocitin5' Tnasviti 



Case Studies in Engineering Failure Analysis 1 (2013) 115-119 

     

Contents lists available at SciVerse ScienceDirect 

Case Studies in Engineering Failure Analysis 

journal homepage: www.elsevier.com/locate/csefa  

  

ENGINEERING 
FAILURg. 

ANALYSIS 

  

Case study 

Elevator chain wheel shaft break analysis 

Borut Zorca•b.*, Aleg Nagode b, Borut Kosec b, Ladislav Kosec b  

a  Welding Institute Ltd, Ptujska 19, 1000 Ljubljana. Slovenia 

b  University of Ljubljana, Faculty of Natural Sciences and Engineering, AsIereeva 12, 1000 Ljubljana, Slovenia 

41) Cros,Mark 

ARTICLE INFO 

Article history: 
Received 25 March 2013 
Received in revised form 6 May 2013 
Accepted 11 May 2013 
Available online 20 May 2013 

Keywords: 
Shaft 
Normalized micro-structure 

Surface notch 
Fatigue break 

1. Introduction 

Shafts are rotating mechanical elements intended to transfer power of a driving device to a desired place. Most often, they 
are equipped with gears or pulleys tightly fixed by wedges or fitting keys. During operation, the shaft is subjected to both 
torsional (due to torque) and bending stresses (due to its own weight and weight of built-in elements) [1,2] causing dynamic, 
alternating tensile-compressive stresses in surface layer of the shaft [3]. Generally, the shaft is always made of different 
diameters, and the transitions between them, depending on their rounding-up, represent smaller or greater local stress 
concentrators [2]. The contact of the hub edge and the shaft surface can represent a stress concentrator as well. This is why 
the shafts, due to its shape, are quite sensitive to the formation of fatigue cracks while their susceptibility to cracking is 
additionally increased by inadequate surface treatment of the shaft (rough surface and inappropriate microstructure of the 

surface part of the shaft). 
The elevator buyer delivered into analysis a broken shaft of a D = 135 mm diameter whereto a chain wheel was fixed by a 

wedge. Even though the warranty period has already expired, the buyer wanted to verify the shaft material conformity with 
technical documentation and identify the cause of the resulting break in order to be able to file a potential claim. 

2. Testing 

Several tests were performed, such as visual examination of broken surfaces, chemical analysis of the shaft material 
(quantometer Thermoelectron corporation ARL 3460), tensile test of the material in longitudinal direction under the surface 
and in the shaft center (Zwick/Roell Z 050), impact toughness test ISO-V in longitudinal direction under the surface of the 
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keyway and in the shaft center at ambient temperature (device Impact Testing Machine AIT-300), hardness measurements 
(device GNEHM Harteprilfer Swiss Max 300 and Helling-Eqotip for the shaft surface) and microscopic examination of the 
shaft material (light metallography, grinding by emery papers up to #4000, polishing by diamond paste #2 p,m, etching by 

2% nital). 

3. Findings 

An inspection of both pieces of the broken shaft showed a typical fatigue fracture surface with a 20% share of 
final instantaneous break reflecting a relatively low nominal operating stress (Fig. 1). On a smooth surface of the slow 
propagating crack, arrest lines are more or less visible. Direction of the crack propagation and of the shaft rotation 
can be determinated from a shift of the final instantaneous fracture surface with regard to the crack initiation 
location as well as from the shape of the arrest lines and the direction of fracture lines (these being perpendicular to the 
arrest lines) [4). In this particular case, the shaft was rotating in the counter-clockwise direction and therefore, after a 
certain period of time, the fatigue crack propagation ran from slightly right to the left (Fig. 1, arrow on the fracture 

surface). 
The arrest lines on the fracture surface show that the crack initiated in the area of right edge of the keyway ( Fig. 1 ). In 

spite of a smooth surface of this area, the shape of the nearest half-rounded arrest lines shows that the crack initiated on 
the shaft surface by the upper right edge of the keyway as confirmed by the state when the broken shaft was still in the 
gear-wheel hub (Fig. 2). The shaft fracture plane is accordant with the edge of the gear-wheel hub only at the right tip 
by the wedge (Fig. 2, detail B-arrow). From there on, the crack first propagated transversely through the shaft (Fig. 2, 
detail A, side view after removal of the gear-wheel) under the gear-wheel hub and only there re-directed 
perpendicularly to the shaft surface or perpendicularly to the direction of operating tensile stresses, respectively (on 
this plane, there is also the left part of the shaft with a tip by the keyway meaning that the right tip exits from the main 
fracture plane). In a magnified section we can see that the two edges of the keyways in the shaft and in the gear-wheel 
hub do not overlap and that they are not in the same line (Fig. 2, detail B). With regard to the edge of the keyway in the 
shaft the edge of the keyway in the gear-wheel hub is located slightly to the right, where there is also the contact with 
the surface of the shaft (Fig. 2, detail B-arrow). After removal of the gear-wheel, at this location, a 3 mm long line-
shaped notch damage, parallel to the edge of the keyway was established on the shaft surface (Fig. 2, detail A-white line, 
showed by the right-pointing arrow), that resulted from indenting of the edge of the gear-wheel hub keyway into the 
shaft surface. Also an inaccurate performance of the wedge and shaft keyway can be observed. The shaft keyway has a 
sharp transition between vertical and horizontal sides (radius approx. 0.1 mm, Fig. 3a); however, it did not affect the 
initiation of the fatigue crack at this location. The keyway sides are not perpendicular to each other (Fig. 3a). The wedge 
and the upper part of the shaft keyway actually touch each other, but in the lower part a gap is evident and its 

longitudinal edges were not beveled. 

as' spot of crack initiation 

Fig. 1. Macroscopic characteristics of the shaft fracture surface. 
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Fig. 2. Geometric relation of the shaft fracture surface and the chain wheel hub. 

Over its whole section, the shaft has a polygonal ferrite-pearlite microstructure with banded character in longitudinal 
direction (Fig. 3). The shaft surface is not decarburized (the uniform ferrite layer does not exist). Under the surface, the crystal 
grains are smaller while toward the center they are bigger and bigger due to slower cooling after normalization. Toward the 
center, the banded character of the microstructure is more strongly expressed (this is the so-called secondary banded 
structure), and the proportion of pearlite is slightly increased as well. Both are characteristic for normalized steel products of 
greater thicknesses [5], such as bars of larger diameters. Plastic non-metallic inclusions in the longitudinal direction are 
visible in the ferrite as well. The ferrite-pearlite ratio is conformant with the established chemical composition (m.%: 
C = 0.45; Si = 0.24; Mn = 0.64; P = 0.027; S = 0.010; Al = 0.025) confirming that the shaft was made of normalized middle-
carbon steel C45 (EN 10027-1) for quenching and tempering. 

The HV10 hardness of the under-surface area in the vicinity of the keyway (crack initiation area) ranges between 198 
and 205 HV and meets the standards of this type of steel in normalized condition. Mechanical properties measured by a 
tensile test meet the standard [11] for normalized condition of round section bars made of steel C45 and of diameter 

D= 100-250 mm: yield stress Re = 289-303 N/mm2  (requirement: >275 N/mm2 ), tensile strength Rm = 603-608 N/mm2  

(requirement: >560 N/mm2 ), elongation As = 18.6-20.4% (requirement: >16%), while the impact toughness of the test 
pieces is weaker than the required one already under their surface (1SO-V at a temperature of T= 20 C: 15-17 J; 
requirement: >18 J at T= -20 °C [12]). In the shaft center, the toughness values are even worse (9-11 J). The results show 
that already at the ambient temperature the shaft material does not meet the impact toughness set at significantly lower 
temperatures. The cause of low toughness was not investigated; however, it is most likely connected with non-metallic 
inclusions and a too low cooling rate after normalization. 
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	 4 A 1 

Fig. 3. Normalized micro-structure of the shaft; (a) by the keyway corner (in transverse direction), (b) at one quarter of the shaft diameter (in longitudinal 

direction). 

4. Discussion 

The elevator chain wheel shaft is made of normalized middle-carbon steel C45 for quenching and tempering. The steel 
is the same as the material grade given in the technical documentation where only the material is determined but nothing is 
said about the state of the material and the state of the shaft surface and its hardness. Mechanical properties of the steel C45 
in normalized state are obviously adequate for the expected load of the elevator chain wheel shaft, what is indirectly shown 
also by the 20% share of final instantaneous break on the fracture surface. However, high enough mechanical properties of 
the used material are not the only criterion to be met in the shaft manufacture. 

As already said in Section 1, due to combined dynamic loads, the shafts are very sensitive to formation and propagation of 
fatigue cracks initiating usually on the surface. Consequently, the state of the shaft surface is very important (roughness, 
micro-structure, residual surface stresses). Normalized ferrite-pearlite microstructure of the surface is not the most 
appropriate one because of overall low hardness (surface damage occurs more easily, e.g. during assembly). Besides, 
compared to pearlite, the soft ferrite is very sensitive to surface notches and also has significantly lower permanent dynamic 
strength [5,6,10]. Ferrite is unfavorable also due to the possibility of exceeding the critical shear stress of dislocation slips in 
some unfavorably oriented surface crystal grains at an external stress lower than the yield stress of the steel. This 
phenomenon is characteristic for crystal planes (1 1 0) [9]. This means that the crack in the surface ferrite crystal grain 
can initiate also without surface notch effects ! Due to low surface hardness of normalized ferrite-pearlite microstructure 
(198-205 HV) a small part of the edge of the keyway in the gear-wheel hub was indented into the shaft surface. It resulted in 
a surface damage where a crack initiated due to concentration of operating tensile stresses. If the event the surface hardness 
of the shaft was high enough and consequently resistant enough to wear (meaning also highly resistant to the occurrence of 
surface defects!) the edge of the gear-wheel hub keyway would not indent into the shaft surface. The edge would be 
subjected to plastic deformation; yet, the shaft surface would remain undamaged. Surface hardening is one of the heat 
treatment procedure which providing high surface hardness and ductile core of the shaft [1,3,5-9]. Besides high hardness, 
also a field of surface residual compressive stresses occurs in the process, which results in significantly increased dynamic 
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strength of the surface [7-9] and in the resultant resistance to occurrence of a fatigue crack. Steel C45 (C = 0.42-0.50 m.%) 
is ideal for the mentioned heat treatment of the surface. It has weak hardenability and achieves surface hardness of 
50-60 HRC[3,5,6,8]. 

The basic cause of a minor damage occurring on the surface of the shaft is inaccuracy of the keyway and wedge 
manufacture, and an imperfect matching of diameters shown by a minimal shift between the edges of the keyway on 
the shaft and on the hub of the gear-wheel (Fig. 2). The indentation and formation of a surface notch in the shaft may have 
occurred during installation of the gear-wheel to the shaft or at the first start-up of the electro-motor. If the damage occurred 
at the device start-up, it was a result of the clearance between the wedge and the keyway in the chain wheel hub (during the 
device start-up, the shaft, compared to the gear-wheel hub, for a moment ran "idle"; since the shaft turned to left, the edge of 
the keyway on the gear-wheel hub, compared to the edge of the keyway on the shaft, slightly shifted to the right). 

5. Conclusion 

The elevator chain wheel shaft of a 135 mm diameter is made of normalized steel C45 and is corresponding with the 
request material by the technical documentation. However, as no surface hardness is given in the technical documentation, 
the normalized state of the surface with a hardness of 198-205 HV is acceptable as well in order to provide calculated 
strength of the shaft. 

The shaft break occurred due to dynamic, alternating and rather low tensile-compressive stresses at simultaneous 
torsional load. This is demonstrated by a fracture surface characteristic for a fatigue break and a shift between the initial and 
the final break phase. A fatigue crack initiated in a small, some mm long notch damage on the shaft surface by the gear-wheel 
hub. The damage occurred by indentation of the edge of the keyway of the gear-wheel hub into the shaft surface resulting 
from an inaccurate manufacture of composing elements and consequent failure to achieve the required tolerances for a 
wedge assembly, and a soft normalized shaft surface. At the crack initiation and propagation, a too low steel toughness did 
not play a key role. Yet, low toughness results in incompliance of the shaft material mechanical properties required by the 
standard. 

In spite of the inaccurate manufacture of the composing elements the shaft break may have been avoided most likely by 
surface hardening of the shaft. This would highly increase the surface hardness and the related resistance to occurrence of 
surface defects (due to high surface hardness of the shaft the keyway edge of the wedge on the gear-wheel hub would not 
indent into the shaft surface, but would be subjected to plastic deformation and the shaft surface would incur no damage). At 
the same time, a field of compressive residual stresses would create in the shaft surface layer which would highly improve 
dynamic strength and resistance to initiation of fatigue crack. 
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A t, 

u@nvini,moi3.mnylln-InintuLCI@LiAlyma?oLLatc-J13., 

661.I66711A IKJ -13.117msudolcin-ildil@d-Rrt241,au 58 HRC 

ri@unuguif- (As quenched hardness) LLa,q.ilm-n-p66,C&-t, 

n(9l Iu 

O 0;n4iminalaht (Significant Characteristics) 

• i1I1q1ltrISJ@LCIEJ1A1J1,14Anyi-ILLa.ifo-Anw.6'14 

• -)3-.11Invgruk7,1J1,Mve3-.Jm 

• 31,-).-11.,thi,[, q,lryiii,viAnim-.10i-111'4-11 

• ilm-uvii:kr-aanil (Toughness) ;1 

• 0134-)71-roia,Mkrnmi,C1,13.1in 66~1~~1~S16EJ'J66'i11( 16  

• m-ilnluil-talimEnnio 

• 114'1T13-1013,15--11,Uf117411111N0141 

O ni5144-rt4, (Applications) 

S50C 

Ck45 	 LAtilffna-] 

Lal 

S50C 	'13-.117f11:6'111_11;111-1UVIMEAtit41111-1Lt,a43,J.14 

voian E111 oz,-S1.1,741_11znotnNalfig9A victA YInn7@u 

aicA.5-A 	 6F_14.1 

q-11@s1 	 LLatd21.41J7tnal.11,i, 

wi@luuqi100,14,71-1E11.1,9i Lth.w 15_6  

O gn-roiiivrtinu oi1dn6i (Normalized) 

0 
(mm) 

0.2%Y.S. 
(N/mm2) 

U.T.S. 

(N/mm2) 

E.L. 

(%) 

Hard. 

(HB) 
d 	16 355 650 __ 20 ._ . 192 

16 <cl_ 40 315 >_610 20 181 

40 < d 	100 285 _._ 590 20 __ 174 

O gniveiltidou>anugui'a (Hardened and Tempered) 

0 
(mm) 

0.2%Y.S. 

(N/mm2) 

U.T.S. 

(N/mm2) 

E.L. 

(%) 

R.A. 

(%) 
d 	16 __ 520 750-900 13 30 

16 < d 	40 460 700-850 15 35 

40 < d 	100 400 650-800 16 _. 40 

❑ qtuavglynIniurnAl (Physical Properties) 

qtvi,g4aZii ipvitgetiovn 

irmi1wil1a14/ Thermal 

Conductivity (Wink) 

20°C 350°C 700°C 

42.5 38.5 34.2 
_, 	- 	a 

alliWYltrnIttiltiihYril 

l'a13-.15@1'65r,14-710 20°C el 

Coefficient of thermal 

expansion between 	20°C 

(.1m/m.K ) 

100°C 200°C 300°C 400°C 

11.5 11.7 12.5 13.3 

500°C 600°C 700°C 

13.9 14.3 14.4 - 

l 13,100175ilIflOW1tjlA C'l20°C 

Modulus of elasticity (103 N/mm2) 
210 

flT1PVITI3AM4101,116f120°C 

Specific heat at 20°C (J/g.°C)  

0.486 

Fmavri-4,-ILL' 

Density (g/cm3) 
7.80 

ori-m-oLL3,1mAn 

Magnetizability 
Elsaigy 

ys
se

n
  r
ru

p
  

ul.(1-1113Yiu-Luvnitmtkiltiameluoltf 4nrim 

`0) 8 17 -.6025-9 :NI 5-4 	(02) 8lr 5 4 4 1:1 -5 	:h:.e -nansteel,coril 



❑ qutiniftwAq1,11 (General Characteristics) 	❑ gtuvancroicenln (Mechanical Properties) 

dlueig&I 

11141Mil 

(%wt.) 

C Si Mn 

0.38-0.45 0.10-0.40 0.60-0.90 

Cr Mo S 

0.90-1.20 0.15-0.30 
0.020- 

0.040 

AISI 4140H 

JIS  SCM 440H 

DIN 1.7225 / 42CrMo4 

grroliTtnin 6/sudilatvu;11.1,ii-) 28-33 HRC 

vibhuirrriu r‘ZnI,A1 55-60 HRC 

7225 4Slet,t,na-xilAnnke.103.4-Ici-rm.w7oLLIqu lCiil 

h-t,NovitallflItSimt,n13-ZiAl'agi,!Tt-t -NNa'3A-witt vt1a68-)Ei 

o71.5,1,e1T11,16L?J.ILi,I1 	LI,Mi,C;1'13.1Yrt-oiaLmn7tol4qatw,j374-1 

A"-  

..,imni,Lal-,1v11,J-T,a1-.Man-t7611A4-dAaLVINfl-)-13AL67oLq1N- .-S,i-

VAI-tati-14 

ilqmvi,rtiririetr-ril 480°C LIlamnqyylm,v7ovziwa.1@ti-il 

vIrid 1.t@nnili,l-rt-tmi@ni7a1A-161,wi-Aqn-t,mil 230- 

t'  270°C 0m.ILvtAnLnwitAna-RoIcint-p-R-In "14u tlin,171a 

1,10" 611111avWrilKm.10/1f-knani.laal 

O fp,ifyinuttoiu (Significant Characteristics) 

• alc-J-13-idiat,1-quin 

• ,,---rt4yliwiannIA-) (fatigue) 'Lc 

• ifium-ri-oiam7gnm- @Wi 

• cma.i .-13-1-nnixtn-n-114147,1_1(Forgeability) 

• ,,,41M-13-In4Enanil (Toughness) ;1' 

• Kna-J01a.mn 11Ar15i1ng.15,1@lV if 

• frJ1x11mt1n-t-111,1n -n-Cia3.11,a 

• 4i-rwilun-i1Qt-ohtria-nn,o,-)iiumil'huna-11 

• ludil.iitima-nInvhn-npa14-11A' 

• 81a4-171-rxwViv -r-nmtill,A 55-60 HRC 

• mi7trvEukriiviln 

• o-14,,17051-114Lnkinrehdiltht WIN 650 HV 

• oz,/ -r-wi@n-inihwill 

• 0-13-nInth,%NrwiliYiluxifla.r/114.-btronwl  

• vnTiNvAILLanuktai'a (Hardened and Tempered) 

0 

(mm) 

0.2%Y.S. 
(N/mm2)  

U.T.S. 

(N/mm2) 

Elong. 
(%) 

K.V. 
(J) 

Hard. 
(NB) 

0<1:)16 900 1100-1300 .__ 10 > 30 323-380 
16<D_40 > 750 1000-1200 > 11 > 35 295-352 

40<D__100 > 650 900-1100 > 10 > 35 266-323 
100<D160 550 800-950 > 13 > 35 238-280 
160<D__250 > 500 750-900 > 14 > 35 220-266 
250<D500 460 690-840 > 15 > 38 204-250 
50O<D<750 ?._ 390 590-740 > 16 > 38 172-219 

O nili'unlluzn-milvti-iu (Guaranteed) 

0.2%Y.S. U.T.S. E.L. R.A KV 

(N/mm2) (N/mm2) (%) (%) (J) 

_._ 568 720-785 18 > 35  42 

O Twoulu (Grain Size) 

V114411q13"11,4 ASTM E 112: 	5 

Of111/41V11,-hU : 

(Impact energy) 27 	ciqatvuji - 60°C 

❑ qw,gNigiyroniun-rw (Physical Properties) 

onimarilii qvuargalign 

m3111831Ni0l-t 
Thermal Conductivity 

(W/m-K) 

100°C 200°C 400°C 600°C 

42.7 42.3 37.7 33.1 

am_II:,-RviimIt t_nnillYnl,f,n134 

;-.101,Mlit'ill 20°C 6.1/ Coefficient 

of thermal expansion between 

20°C to (t.im/m-K ) 

100°C 200°C 

12.3 12.7 

400°C 600°C 

 13.7 14.5 

€1111M-11-n@l131vontr 20°C 

Specific heat at 20°C (J/g.°C) 
0.473 

c -1349i-Nviri-Av\Itillil 20°C 

Electric resistance (yam) 
0.222 

fl714,1111,11aiu 

Density (g/cm3) 
7.85 

m-yryoillaiwign 

Magnetizability 
qi3Aili 

(Applications) 

7225 	omilTni-111J1,4f1-1140-1144.14d-rt4Lflialnn 

'1@1M7M11A1LMQ1 031-6 0^0141@1,111U1 41@91@f11isrMla.lik 

avaik 	 618'1J-rt.-AL 91@v194 

1,L7\11-'14 	Lila.UCinlinTtivinAmqj vrt!ilvn4 

y s
se

nK
ru

p .
  

(02) 81.7..6025-9 l3/15'AnT: (02) 817-5445-0 	Hgerrnansteei, corn 



❑ fltuinituttiirald (General Characteristics) 

*A114341114 

LAO (cyowt.) 

C Mn Si P S 

0.52-0.58 0.60-0.90 0.40 _0.030 ._0.035 

AISI 1055 

JIS S55C 

DIN 1.1203 (Ck 55/C 50 E) 

an- wimini Ilu at @IJIitlii f1713-11,1A113,11r114 255 HB 

gInViVili11.1  ISULIRa'7EY111 flT13-Al 58-64 HRC 

S55C 	 lo)tian'4 

alatoNcLaVulaiu 

flTINLLCILLIJQJ 	 011.115t1IJA111,41T4A1 

1416, 58-64 HRC (as-quench hardness) dEl4f115@1_1g14 

il')M3.11%161,11J1-71)LAJPULli'AIA1 (Flame hardening) \1.1' 

013-mtilur,ntiga- Ellt11-119141141@C-141.111,117L9U 61114 

4111-rivaiudro ictetEJ1141N-1111,-it' 

ql@M14111,11,1,3-iiAININL6nd1141_1IttiOlialf13A Li1416N1V1_1i.11111,1, 

€1713,11P al 4hviNcil (stops) Qi niSim (cam) `ictAA-du 

tci@lin7na 	'6""q14 'qi1J1_1A1 6cAl@,1r11114 

klimc-)11.mucriuoion-171uo)Vu,nSw-rivoilErmnilliA 

7Z-Authuna10 Lati,6101,5415>;16li5ell166 j9Am;%ma1onA1vi'u 

viald-n-tthtnoullwava,i 

riaioqin TxJakio Ll1,11741,161b1 	alf13.16A111-q1J1allt 

TA1j114.71n7mwiuin 

S55C '4-)111-no114,01-1-nnj- tin-miu (Forged) azi,@utirli 

(Normalized) '4,13lico-n-loillfia:-,Ch'un,x2V/ipm..tiillYrilnail 

O opant+tunoilt, (Significant Characteristics) 

• alfnim,,,tnnnit.vgniflwoiiih-Aii 

• ilf171P6Watraupil (toughness) 

• ilflT13.1013.11It-auni7iingANalV i 

• M3.1171-115,1JAI1MAMmu,N1win Loillgur:1-)Lva, 

• 0-13-111Mil11/1,0111177E11MOU 

• aig-IlfrstiEvAniuvli@livd -AvJlA 

• -13„1-n-nvo-144m- NU 

• 013.117D/SIJ1141q1711VII@QI1111.11F (7111,-11c01' 

1J~1 Y1 Illti-LtitS1TIALThiltiaZgaVIULP6'inr1m 

(02) 817-3325-9 	(02) 817-5445-6  

O nillshiu (Applications) 

S55C 

S50C vii@linc!wpnii° 77vrilnalnAWitieu taiva-1KriNA1 

1,L,,I,'flT13JAltnquln--jn124,"ao ona,InnlYnatfilyn,wmg 

417tly§) (stops) Qnvuu-) (cam) 6711471-ilmi@T-17na vht 

Aalo:-,1\1114 

ruyrn,oicn-nChciln LLMilifl'JThoiliflEnt,LnAvothyLI-Nnall 

vli@I;i1d-n4thtnati,ualfotbimAin 

i4f 	 4alw11.14 via 	 Lasifas471Jull 

❑ qt14,g3.1176111-11f1 (Mechanical Properties) 

O airmi4Turtini oulin6i (Normalized) 

0 

(mm) 

0.2%Y.S. 

(N/mm2) 

U.T.S. 

(N/mm2) 

E.L. 
(0/0 

d _<_ 16 __ 370 680 11 

16<cl.40 ?_. 330 z 640 > 12 
40 < d 	100 300 620 __ 12 

O vnivriluu,ti.ntazothluil (Hardened and Tempered) 

0 

(mm) 

0.2%Y.S. 

(N/mm2) 

U.T.S. 

(N/mm2) 

E.L. 

(%) 

KV 

(J) 

d ._ 	16 __ 550 800-950 __. 12 30 
16 < d < 40 490 750-900 14 35 

40 < d < 100 420 700-850 > 15 40 

❑ opvaiiPyrilfllEMITIN (Physical Properties) 

,it'Aga.Sio'i pWriiillOgn 

1117111f171gi'VL-6/ Thermal 

Conductivity (W/m.K) 

20°C 350°C 700°C 

42.5 38.5 34.2 

hth-tariTT1711Enti44111 
flT11-A1411-Ndll 20°C ell 

Coefficient of thermal 

expansion between 	20°C 

(gm/m.K ) 

100°C 200°C 300°C 400°C 

11.5 11.7 12.5 13.3 

500°C 600°C 700°C - 

13.9 14.3 14.4 -

13,00621111IL6'MtIo4 .11 20°C 

Modulus of elasticity (103 N/mm2) 
210 

Kii3-Afn-ix&--t4nimmil 20°C , 
Specific heat at 20°C (J/g.°C) 

0.486 
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Micro-structure of 7225 Tempered Martensite(200X) 

Micro-structure of 550C Ferrite & Pearlite(200X) 

Micro-structure of S55C Ferrite & Pearlite(200X) 
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