
Strojarstvo 54 (1) 31-39 (2012) V. MARUŠIĆ et. al., ���e�t� �� �teel �a�t ��M��... 31���e�t� �� �teel �a�t ��M��... 31 31

�OD�N �TJ�AO I��N 0�62-1887 
ZX470/1��0 UDK 629.�63.42.01�:621.78.012 

Original scientific paper

Dredger� are �pe�ial �ea fl�ati�g ve��el� u�ed ��r rem�vi�g �ea b�tt�m 
material i� �rder t�: re�hape harb�r u�derwater area� a�d waterway�, 
a��embli�g pipeli�e�, prepari�g �a�d bea�he� a�d ��a�t� t� ha�dle 
with er��i�� impa�t, �il re��ur�e� expl�itati��, ��rmi�g ma�-made 
i�la�d�… Thi� paper i� ba�ed �� �ele�ti�� �� heat treatme�t parameter� 
�� �heave�, �ur�a�e err�r� determi�ati�� meth�d a�d �ur�a�e damage� 
re��very. Om te�t �ample� made �ut �� �ame material (��30M��) 
built—up weldi�g te�t wa� �arried �ut �� (�MAW pr��edure) by 
fluti�g prepared damage area. Next �tep wa� i�du�ti�� harde�i�g u�i�g 
vari�u� parameter�. Determi�ati�� �� �ra�k� appeara��e wa� d��e 
by mag�et meth�d. By re��rdi�g �r��� �e�ti�� �tru�ture a� well a� 
hard�e�� mea�uri�g it ha� bee� determi�ed that be�ide� �ertai� level 
�� e�ergy i�put (ele�tri�al �urre�t �reque��y) �ur�a�e layer pr�pertie� 
�� �heave edge depe�d al�� ab�ut �h���i�g pr�per ���li�g medium. 
�ati��yi�g hard�e�� value� (320÷400 HB) were a�hieved ��mbi�i�g 
air a�d water ���li�g �imulta�e�u�ly with av�idi�g �ra�k� appeara��e. 
Parameter� �ele�ted that way �h�uld e��ure l��g w�rki�g peri�d �� 
r�pe� (hard�e�� �00÷��0 HB) a� well a� �a�e dredger� per��rma��e.

Utjecaj parametara kaljenja čeličnog lijeva GS30Mn5 na svojstva 
utora užnica broda jaružara

Jaružari �u �pe�ijal�a m�r�ka pl�vila k�jima �e materijal � m�r�k�g d�a 
ukla�ja u �ilju: �blik�va�ja - pr�dubljiva�ja luč�ih pri�ta�išta i pl�v�ih puteva, 
p�laga�ja �jev�v�da, �država�ja pješča�ih plaža  i �bale �d er�zije, expl�ata�ije 
�a�t�ih izv�ra, ��rmira�ja umjet�ih �t�ka �a�ipava�jem pije�ka… Na i�pit�im 
uz�r�ima izrađe�im �d i�t�g materijala ka� i už�i�e (��30M��) izvrše�e 
�u pr�be �avariva�ja (R�L p��tupk�m). Nak�� t�ga izvrše�� je i�duk�ij�k� 
kalje�je, različitim parametrima. K��tr�la p�jave puk�ti�a utvrđiva�a je 
mag�et�k�m met�d�m. ��ima�jem �trukture p�preč��g pre�jeka i mjere�jem 
tvrd�će utvrđe�� je da ��im � �dg�varajućem u���u e�ergije (�rekve��ija 
�truje) �v�j�tva p�vrši��k�g �l�ja ut�ra už�i�e �vi�e i � izb�ru �red�tva za 
hlađe�je. Zad�v�ljavajuće tvrd�će (320÷400 HB) p��tižu �e k�mbi�a�ij�m 
hlađe�ja zrak�m i v�d�m uz i�t�vreme�� izbjegava�je p�jave puk�ti�a. Takav 
bi izb�r parametara treba� �m�gućiti zad�v�ljavajući vijek užadi (tvrd�će 
�00÷��0 HB) te p�uzda�u expl�ata�iju jaružara.
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1. Introduction 

Dredger� are �pe�ial �ea fl�ati�g ve��el� u�ed ��r 
rem�vi�g �ea b�tt�m material i� �rder t�: re�hape 
harb�ur u�derwater area� a�d waterway�, a��embli�g 
pipeli�e�, prepari�g �a�d bea�he� a�d ��a�t� t� ha�dle 
with er��i�� impa�t, �il re��ur�e� expl�itati��, ��rmi�g 
ma�-made i�la�d�... The mai� �eature �� the ve��el, that 
�i�gle� it �ut t� a �eparate �ateg�ry, i� the way that the 

w�rki�g ha�d u�ed ��r diggi�g (the digger) i� ����e�ted 
t� fl�ati�g ve��el, the �hip.  T� e��ure m�bility �� the 
�hip, w�rki�g ha�d u�ed ��r diggi�g i�, while travelli�g 
�r�m ��e w�rk-�ite t� a��ther, adapted t� �hip� ��rm. At 
the dig �ite, dredger mu�t rea�h the dig depth �� 37 meter� 
�r�m �i�gle w�rk p��iti��, while i� �hall�w ���diti��� i� 
able t� w�rk i� di��ere�t w�rk p��iti��. Diggi�g i� d��e 
by w�rk ha�d �perated by the ��mplex �y�tem �� �teel 
r�pe� a�d �heave�.

Izvornoznanstveni članak 
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Symbols/Oznake

Rp0,2 yield �tre�ght, MPa- 
gra�i�a razvlače�ja- 

A� el��gati��, %- 
i�tezljiv��t- 

Rm te��ile �tre�gth, MPa- 
vlač�a čvr�t�ća- 

KV (-20°�) impa�t e�ergy, J- 
udar�i rad l�ma- 

R�tati��al a�d rever�ible p�i�t� are ��rmed by keyi�g, 
while the �teel r�pe� a�d �heave� are u�ed t� ma�ipulate 
(li�t �r l�wer) the diggi�g w�rk ha�d �r�m ��e w�rk 
p��iti�� t� a��ther, �r the w�rk ha�d it�el� i� pla�ed t� 
berth  duri�g the �ail t� de�ti�ati��.

�e�erally �peaki�g, all the �heave� �� the dredger 
are u�ed t� guide the r�pe �r�m the reel t� the hard �p�t 
– the lug. �heave� are �ubje�ted t� high e��umbra��e 
a�d wear, be�au�e they are ����ta�tly i� ���ta�t with 
�teel r�pe� whi�h are u�ed t� ma�ipulate the w�rk ha�d, 
e�pe�ially whe� diggi�g the �ea b�tt�m.

Material u�ed t� build the �heave� i� �teel �a�t 
��30M��. It i� regulated that the r�pe hard�e�� i� 
betwee� �00-��0 HB. Ab�ut �0 �heave� are m�u�ted �� 
dredger, with �heave edge �r��� �e�ti�� �� 12�0 mm up 
t� 1400 mm.

�mpha�i� i� thi� paper will be dete�ti��, determi�ati�� 
�� �au�e a�d re��very �� err�r� ���ured while �a�ti�g 
the �heave�, a�d �ele�ti�� �� parameter� �� i�du�ti�� 
harde�i�g �� �heave� with the g�al t� a�hieve regulated 
hard�e�� with�ut u�all�wed mi�take�. Te�h�i�al 
d��ume�tati�� defi�e� ��t ��ly the dime��i��� �� 

�heave� but al�� the hard�e�� �� �heave� (320-400 HB) 
a�d all�wed �ize �� �ra�k�. There��re, it i� �e�e��ary 
t� determi�e the extra material ��r �ra�k re��very �� 
�a�t� �� raw �heave� u�i�g te�t�, a�d make �ele�ti�� �� 
parameter� �� i�du�ti�� harde�i�g, t� �ati��y the give� 
dema�d� ����er�i�g hard�e�� a�d quality �� �heave egde 
�ur�a�e, a�ter the fi�al ma�hi�e treatme�t. 

2. Tribosystem sheave – steel ropes

Figure 1 �h�w� the dredger appeara��e. ��mbi�ed 
le�ght �� �teel r�pe� �� dredger i� appr�ximately 6 
kil�metre�. Due t� �pe�ial �ir�um�ta��e� whe� w�rki�g 
�� �ea, away �r�m the dry d��k, i�terve�ti��� �� r�pe� 
are very ��mpli�ated. Be�au�e �� that, i� thi� trib��y�tem, 
it i� determi�ed that the ���ter trib�eleme�t �h�uld be the 
�heave�, be�au�e their repla�eme�t i� mu�h ea�ier [2].

De�lared material �� �heave� i� �teel �a�t ��30M�� 
[3]. Table 1 �h�w� re�ult� �� �hemi�al a�aly�i� �� �heave� 
�tru�ture. I� delivered, �a�ted �tate, whe� mea�ured with 
p�rtable hard�e�� mea�ure devi�e, it i� determi�ed that 
�heave edge hard�e�� i� betwee� ~180 a�d ~200 HB.

Figure 1. Dredger �hip [1]
Slika 1. Dredger �hip [1]
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Table 1. �hara�teri�ti� �hemi�al ��mp��iti�� material �� �heave
Tablica 1.  Karakteri�tič�i kemij�ki �a�tav materijala už�i�e

Material / Materijal: ��30M�� �leme�t� p�rti��/ Udjel eleme�ata, %

Bat�h mark / Oz�aka šarže � M� �i P S �r Ni �u

�1�6 0,30 1,37 0,28 0,010 0,004 0,23 0,31 0,17
�267 0,31 1,41 0,34 0,010 0,004 0,19 0,2� 0,14
�270 0,31 1,30 0,40 0,014 0,00� 0,22 0,26 0,21
S324 0,28 1,4� 0,33 0,010 0,006 0,22 0,23 0,17

Reque�t / Zahtjev DIN 1720� 0,27÷0,34 1,20÷1,�0 ≤0,60 ≤0,020 ≤0,01� - - -

�heave maki�g pr��e�� i� ����i�ted �� ��ll�wi�g 
�perati���: raw �heave� �a�ti�g, pre-treatme�t by parti�le 
�eparati��, ���tr�l with�ut de�tru�ti�� (mag�et ���tr�l), 
damage re��very (i� a�y damage pre�e�ted) by weldi�g, 
i�du�ti�� harde�i�g �� �heave gr��ve, ���tr�l with�ut 
de�tru�ti�� (mag�et ���tr�l), re��very by weldi�g i� �ew 
damage ���ure�, fi�al ma�hi�i�g �� mea�ure ��ll�wed by 
mag�et ���tr�l. Figure 2.a �h�w� �heave a�ter ma�hi�e 
pre-treatme�t �� �vermea�ure �� 1 mm. Figure 2.b �h�w� 
�hara�teri�ti� dime��i��� �� �i�gle �heave edge.

a)              b)
Figure 2. �hara�teri�ti�  view �� �heave�: a) A�ter ma�hi�e pre-treatme�t (be��re i�du�ti�� harde�i�g); b) Dime��i��� �� �i�gle 
�heave edge
Slika 2. Karakteri�tič�i izgled už�i�e: a) Nak�� �tr�j�e pred�brade  (prije kalje�ja); b) Dime�zije ut�ra

The �riteria �� a��eptability a� al�� meth�d �� 
i�di�ati�� irregularitie� exami�ati�� are defi�ed i� 
�ta�dard: A�M� VIII, Divi�i�� 1, Ape�dix 6, Met�d� ��r 
Mag�eti�  Parti�le �xami��ati�� A17.2.2 [4]. All de�e�t� 
(�ra�k�, p�r��ity, i��lu�i��…) whi�h are u�a��eptable 
t� dema�d� ab�ve �ta�dard,   mu�t bri�g �ut �tate �� 
a��eptability. Al��, it i� defi�ed that the �heave edge 
hard�e�� betwee� 320 a�d 400 HB i� all�wed. The rea��� 
i� that hard�e�� �� �teel r�pe i� ��mewhat higher, betwee� 
�00–��0 HB. That mea�� it i� imp�rta�t t� a�hieve that 
a�ter fi�al ma�hi�e treatme�t a�d i�du�ti��al harde�i�g, 
there are �� u�all�wed �ra�k� i��ide the �heave edge, but 

al�� that the wh�le harde�ed �ur�a�e �� the �heave edge 
i� withi� the limit� �� regulated hard�e��. T� a���mpli�h 
thi�, the ��ll�wi�g te�t� are required:

te�t� �� �heave� be��re re��very �� �ur�a�e �ra�k�,• 
te�t� �� lab�rat�ry �ample�, a�d• 
te�t� �� �heave� re��vered by weldi�g.• 

3. Results of experiments

Be�ide� that �heave� have t� be �ati��a�t�ry 
����er�i�g dime��i��� a�d �ur�a�e treatme�t quality, 
�r�m the trib�l�gi�al a�pe�t, a� m�re repla�eable eleme�t 
�� trib��y�tem [4], they al�� have t� �ati��y determi�ed 
�riteria �� hard�e�� a�d �ur�a�e �ra�k�. There��re, it i� 
�pe�ified that �heave� are ���tr�lled by meth�d� with�ut 
de�tru�ti��: mag�et, hard�e�� mea�uri�g a�d �tru�tural 
impre��i��� meth�d.

���tr�l �� i�di�ati�� �� �ur�a�e �ra�k� i� d��e by 
mag�et meth�d. Fir�t mag�et ���tr�l i� per��rmed a�ter 
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ma�hi�e pre-treatme�t �� �heave �� �vermea�ure, Figure 
3.a. Mag�eti� ��r�e� are de��rmed �� irregularitie�, �� by 
appli�ati�� �� �er�mag�eti� parti�le� ��t� the te�t �ur�a�e, 
�ra�k i�di�ati�� i� ��rmed, Figure 3.b. Damage �a� 
appear i� �hara�teri�ti� ��rm�: i��lu�i��� �� impuritie�, 
i��lu�i��� �� re�idual ga�e�, a�d �ra�k� �� di��ere�t 
�hape� a� a ����eque��e �� qui�k ���li�g �� the �a�t [�]. 

Regardi�g the i�dividual – l��al pre�e��e �� u�all�wed 
�ra�k�, re��very will be made u�i�g the weldi�g �MAW 
pr��edure. Weldi�g i� a pr��edure i� whi�h extra material 
i� applied ��t� the �ur�a�e �� w�rk �bje�t t� a�hieve 
de�irable pr�pertie�, dime��i��� a�d �hape�. Weldi�g 
�a� re�t�re w�r� �ut material, �a� weld up �ew layer 
�� material a�d there��re e��ure l��ger li�etime �� the 
ma�hi�e part �r the ����tru�ti��, re��ver �ra�k�, re��ver 
��rr��i�� e��e�t�, repair �a�ti�g de�e�t� [7]. �u��e��ul 
weldi�g require�: u�der�ta�di�g the �hemi�al �tru�ture 
a�d me�ha�i�al pr�pertie� �� material; type� a�d �au�e� 
�� damage, material de�e�t�, �hape, depth, type �� �ra�k; 
determi�i�g the quality �� �ur�a�e a�d thi�k�e�� �� 
material layer, determi�i�g the type �� material treatme�t 
be��re a�d a�ter weldi�g; �ele�ti�g the type �r type� �� 
extra weldi�g material; determi�i�g the type� �� material 
wear i� expl�atati�� a�d determi�i�g parameter� a�d 
weldi�g pr��edure [8].

����ideri�g that �heave material ��30M�� ha� 
�arb�� �hare �� 0,31 %, there i� a �eed ��r pre-heati�g 
be��re weldi�g [9]. Temperature �� pre-heati�g depe�d� 
�� �hemi�al �tru�ture a�d thi�k�e�� �� material. Whe� 
applyi�g multiple layer�, temperature betwee� the layer� 
�h�uld be the �ame a� pre-heati�g temperature. Pre-
heati�g temperature i� determi�ed ba�ed �� �hemi�al 
�tru�ture, by �al�ulati�g Cekv u�i�g the ��rmula: 

a)                      b)
Figure 3. Determi�i�g the �ra�k ��rmati�� i�di�ati��: a) �ur�a�e �ra�k i�di�ati�� ���tr�l u�i�g mag�eti� parti�le�; b) Damage 
appeara��e
Slika 3. Utvrđiva�je ��rmira�ja i�dika�ija puk�ti�a: a)  K��tr�la i�dika�ija p�vrši��kih puk�ti�a mag�et�kim če�ti�ama; b) 
izgled �šteće�ja

Cekv  = �% + M�/6 + (�r + M� + V) /� + (Ni + �u) /1�. (1)

A�ter addi�g the eleme�t �hare:

Cekv  = 0,31 + 1,41 /6 + (0,19 + 0 + 0) /� +  
+(0,2� + 0,14) /1�   = 0,61 %. 

(2)

����ideri�g that Cekv i� ab�ve 0,6 – material ha� t� be 
pre-heated t� a temperature �� 200  – 300 °�  (8).

I� �rder t� te�t the p���ibility �� �heave damage 
re��very, ��ated ele�tr�de mark � 46 4 B 32 H� ���ar� 
49� i� �ele�ted a� a� extra material. Rea��� why thi� 
ele�tr�de ha� bee� �ele�ted i� it� �hemi�al �tru�ture 
(Table 2), but al�� it� me�ha�i�al pr�pertie� (Table 3).

Table 2. �hemi�al �tru�ture �� ele�tr�de � 46 4 B 32 H� 
���ar� 49� [9]
Tablica2. Kemij�ki �a�tav elektr�de �z�ake � 46 4 B 32 H� 
���ar� 49� [9]

~ %� ~ %M� ~ %�i ~ %P ~ %�
0,06 1,4 0,3 0,01� 0,01

Table 3. Me�ha�i�al pr�pertie� �� ele�tr�de � 46 4 B 32 H� 
���ar� 49�  [10]
Tablica 3. Meha�ička �v�j�tva elektr�de �z�ake � 46 4 B 32 
H� ���ar� 49� [10]

Yield �tre�gth/
�ra�i�a 

razvlače�ja
Rp0,2, MPa

Te��ile 
�tre�gth/
Vlač�a 
čvr�t�ća    
Rm, MPa

�l��gati��/
I�tezljiv��t             

A�, %

Impa�t e�ergy/
Udar�i rad 

l�ma
 KV (-20 º�),J

mi�. 480 mi�.   �80 mi�. 28 mi�. 200

Fr�m the value� �h�w� i� Table 2 a�d 3, it i� imp�rta�t 
t� ��ti�e that the de�lared �arb�� �hare i� very l�w (0,06 
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%), that the regulated mi�imal el��gati�� i� 28 %, with 
impa�t e�ergy higher tha� 200 J. L�w �arb�� �hare 
i� prerequi�ite ��r l�weri�g the da�ger �� marte��ite 
ex�reti��, a�d ex�e��ive hard�e��. Ab�ve �tated, al��g 
with relatively high el��gati��, �h�uld l�wer the da�ger 
�� �ra�k ���urra��e. 

3.1. Large figures and figure captions

F�r metal�grafi� �tru�ture a�aly�i� a�d hard�e�� 
���tr�l, pa�el� were �btai�ed, dime��i��� ≈�0×1�0×300 
mm (L×W×H), �� the �teel �a�t that mat�he� the �hemi�al 
�tru�ture �� �heave�. Be��re weldi�g, pa�el i� pre-heated. 
�h��e� pre-heati�g temperature �� pa�el wa� 230 °�. 
���tr�l �� rea�hed temperature wa� made by appr�priate 
p�rtable digital devi�e, Figure 4.a. A�ter the pre-heati�g, 
weldi�g i� per��rmed �� three pla�e� al��g the pa�el, 
maki�g �ure that all the i��tru�ti��� a�d parameter� 
��r �h��e� extra material are �ati�fied [10], Figure 4.b. 
Weldi�g i� per��remed i� ��e, tw� a�d three layer�. 
The g�al i� t� ��mprehe�d all p���ible �ize� (depth�) �� 
�ur�a�e damage.

�ur�a�e hard�e�� wa�� mea�ured �� three pla�e� 
al��g the welded layer a�d three pla�e� i� heat impa�t 
z��e. Mea�ured value� �� hard�e�� are ��et�hed i� 
Figure �a. Te�t �ample� have bee� �ut �r�m the pa�el 
a�d hard�e�� mea�ure� �� �r��� �e�ti�� were per��rmed. 
It wa� imp���ible t� mea�ure HV1 �� �r��� �e�ti��� 
�� �ample� be�au�e the value� �� hard�e�� i� the weld 
are le�� tha� 188 HV. There��re, value� �� HV� were 
mea�ured. Re�ult� are ��et�hed i� Figure �b. 

A�ter te�ti�g the �ample� ��r hard�e��, mi�r��tru�tural 
te�t� were per��rmed. Di��ere��e�, that w�uld lead t� 
����lu�i�� that the �umber �� welded layer� �ig�ifi�a�tly 
�ha�ge� the �tru�tural �hara�teri�ti��, were ��t �bv�erved. 
It wa� per��rmed by a��e�me�t �� metallurgi�al purity �� 
the ba�i� material a�d welded layer�. I� ba�i� material, 
pre�e��e �� i��lu�i��� type D were �b�erved al��g with 
gl�bulat type �xid, heavy �erie� �umber 3, A�TM �4�, 
while i��lu�i��� type D a�d gl�bulat type �xid – light 
�erie� �umber � [11]. Figure 6.a �h�w� �hara�teri�ti� 
mi�r��tru�ture �� weld, er�ded �tate. �tru�ture i� fi�e-
grai�ed, de�driti�, with �� a��malie� �u�h a� mi�r��ra�k� 
a�d �ra�k�. Figure 6.b �h�w� �hara�teri�ti� mi�r��tru�ture 

         a)                       b)
Figure 4. Weldi�g te�t pa�el�: a) Pre-heati�g temperature ���tr�l; b) Welded layer�
Slika 4. Navariva�je i�pit�e pl�če: a) K��tr�la temperature predgrijava�ja; b) Navare�i �l�jevi

   a)            b)
Figure 5. �ket�h �� mea�uri�g �ur�a�e hard�e�� re�ult� (HB) ��  welded te�t pa�el (a); �ket�h �� mea�ured hard�e�� re�ult� 
(HV�) by �r��� �e�ti��� �� welded te�t pa�el (b)
Slika 5. �ki�a rezultata mjere�ja p�vrši��ke tvrd�će (HB) �a �avare��j i�pit��j pl�či (a);  �ki�a rezultata mjere�ja tvrd�će 
(HV�) p�  p�preč��m pre�jeku �avare�e  pl�če (b)
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�� heat impa�t z��e. �tru�ture i� fi�e-grai�ed, with�ut 
a��malie�. 

3.2. Sheave edge tests

�heave with u�all�wed damage, determi�ed by 
mag�et meth�d, ha� bee� �h��e� ��r te�t purp��e�, Figure 
7.a. A�ter the re��very by weldi�g a�d ma�hi�e treatme�t, 
�tru�tural impri�t wa� take� (repli�a). Prepared �p�t ��r 
�btai�i�g the repli�a i� �h�w� i� Figure 7.b. 

a)       b)
Figure 6. �hara�teri�ti� mi�r��tru�ture �� te�t �ample�, er�ded with �ital 3 % (mag�ifi�ati�� 400 ×): a) Weld �tru�ture; b) Heat 
impa�t z��e �tru�ture 
Slika 6. Karakteri�tič�a mikr��truktura i�pit�ih uz�raka, �agrize�� �ital�m 3 % (p�veća�je 400 ×):  a) �truktura �avara; b) 
�truktura z��e utje�aja t�pli�e 

O� the �p�t where the �tru�tural impri�t (repli�a) wa� 
take�, hard�e�� ���tr�l HV 10 wa� per��rmed u�i�g the 
m�derate p�rtable hard�e�� mea�uri�g devi�e. Mea�ured 
hard�e�� value� �� ba�i� material a�d weld, are �h�w� i� 
Figure 4.

a)            b)
Figure 7. �heave� with marked re��very �p�t by weldi�g (a) a�d �ur�a�e detail ��r repli�a (b)
Slika 7. Už�i�e � �z�ača�im mje�t�m �a�a�ije �avariva�jem (a) i detalj p�vrši�e za repliku (b)

It i� �b�erved that the hard�e�� value� �� ba�i� 
material a�d welded layer are l�wer tha� dema�ded value� 

(margi�� are 320-400 HB). There��re, it i� �e��e�ary t� 
per��rm i�du�ti�� harde�i�g �� the �heave edge.

3.3. Induction hardening of the sheave edge

I� the pha�e ��e �� the te�ti�g, ���du�ted �� �ut pa�el 
�ample�, �ur�a�e heati�g with �traight i�du�t�r al��g with 

water ���li�g wa� per��rmed. Appeara��e �� �traight 
i�du�t�r i� �h�w� i� Figure 8.a. Metal�graphi� a�aly�i� �� 
all three weld� were per��rmed. �hara�teri�ti� �tru�ture 
�� tra��iti�� betwee� ba�i� material / heat impa�t z��e, 
i� �h�w� i� Figure 8.b. Ba�ed �� detailed i��pe�ti�� 
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�� prepared �ample�, it i� imp�rta�t t� empha�i�e that 
marte��ite i� dete�ted i� heat..impa�t..z��e.

Table 4. Re�ult� �� hard�e�� ���tr�l �� weldi�g re��verd 
pla�e �� �i�gle �heave edge
Tablica 4. Rezultati k��tr�le tvrd�će �a �avariva�jem 
�a�ira��m mje�tu ut�ra už�i�e

L��ati��/
L�ka�ija

Hard�e��  
HV 10/
Tvrd�ća 
HV10

Hard�e�� HB �al�ulated t� 
�N I�O 1826� [12]/

Tvrd�ća HB preraču�ata 
prema �N I�O 1826� [12]

Ba�i� material/
O���v�i 
materijal

182 − 194 173 − 184

Hiz/
ZUT 291 − 399 277 − 379

Welded layer/
Navare�i �l�j 207 − 223 187 − 212

�ame �ample� were al�� �ubje�ted t� �ur�a�e hard�e�� 
mea�ureme�t�, u�i�g the Bri�ell meth�d, b�th the welded 
layer a�d the ba�i� material. Obtai�ed value� were 
betwee� �28 HV a�d �60 HV.

Hard�e�� mea�ureme�t HV1, �� �r��� �e�ti�� �� the 
�ample wa� per��rmed. It i� determi�ed that the depth 
�� harde�ed layer i� appr�ximately � mm, al�� that 
mea�ured hard�e�� value� withi� that depth are mu�h 
higher tha� the hard�e�� value� �� ba�i� material. Ba�ed 
�� the ��mpari��� with regulated �r all�wed �heave edge 
hard�e�� value� (320 – 400 HB), it i� ����luded that 
���li�g parameter� �h�uld be �ha�ged. Be�au�e �� the �a�t 
heat drai�age, whe� que��hed with water i� the �ur�a�e 
layer, regardle�� t� very l�w �arb�� �hare i� the ele�tr�de 

            a)                        b)
Figure 8. Appeara��e �� �la��i�al i�du�t�r ��r the purp��e� �� harde�i�g pa�el �ample�, water que��hi�g (a); �hara�teri�ti� 
mi�r��tru�ture �� harde�i�g part weld/heat impa�t z��e (b)
Slika 8. Izgled kla�ič��g i�dukt�ra za p�trebe kalje�ja i�pit�e pl�če, gaše�je v�d�m (a); Karakteri�tič�a mikr��truktura 
zakalje��g dijela �avar/z��a utje�aja t�pli�e (b)

(�≤0,06 %), a� a ����eque��e �� mixi�g with the ba�i� 
material, marte��ite i� partially ex�reted [13]. It re�ult� i� 
�ig�ifi�a�tly ex�eeded all�wed value� �� hard�e�� a�ter 
the i�du�ti�� harde�i�g a�d water que��hi�g. There��re, 
i�du�t�r with dual „���li�g“ �y�tem, with the g�al t� 
���l ��� heated �ur�a�e a�d a�hieve �l�wer que��hi�g 
rate, wa� built:

Fir�t ���li�g �y�tem ���le� ��� the �ur�a�e by air• 
�e���d ���li�g �y�tem ���le� ��� the �ur�a�e by • 
water.

The�e tw� �y�tem� �perate withi� the �h�rt time 
peri�d, ��e a�ter a��ther. Be�au�e �� that, air ��zzel 
i� built ahead �� water ��zzel. Figure 9.a �h�w� the 
i�du�t�r appeara��e. Figure 9.b �h�w� it� p��iti�� 
duri�g the i�du�ti�� harde�i�d �� the �heave edge. 
Pri�r te�t� t� determi�e the i�flue��e �� air, ��ll�wed by 
water que��hi�g, were ���du�ted �� the �ample� made 

�� previ�u�ly de��ribed te�t pa�el. U�i�g the hard�e�� 
���tr�l, it i� determi�ed that mea�ured value� �� the 
�ample �ur�a�e are betwee� ~380 a�d 420 HB. Re�ult� 
�� �ur�a�e hard�e�� mea�ureme�t� a�d a �a�t that there 
were �� u�all�wed �ra�k� ��ti�ed duri�g mag�et ���tr�l, 
were a g��d i�di�at�r that i�du�t�r with tw� ���ler� �a� 
be u�ed ��r �heave edge harde�i�g.

�heave that ha� bee� re��vered by weldi�g the 
u�all�wed �ra�k�, wa� �h��e�. Appli�ati�� wa� 
per��rmed �� the �heave a�ter pre-treatme�t �� mea�ure. 
A�ter the fi�al ma�hi�e treatme�t �� �heave edge �� 
fi�al mea�ure, �tru�tural te�t� �� the l��ati�� that wa� 
re��vered by weldi�g, u�i�g repli�a, were ���du�ted 
[14]. Figure 10.a �h�w� mi�r��tru�ture �� the ba�i� 
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material. It i� �hara�teri�ed by relatively large grai�, but 
al�� it i� vi�ible that the material ha� bee� heat treated. 
A��malie�, �u�h a� �ra�k�, are ��t pre�e�ted i� the 
�tru�ture. Mi�r��tru�ture �� heat impa�t z��e i� extremely 
fi�e-grai�ed, with�ut a��malie�, �u�h a� mi�r��ra�k�, 
Figure 10.b. Mi�r��tru�ture �� the weld i� al�� typi�aly 
de�driti�, al�� with�ut vi�ible mi�r��ra�k�, very �imilar 
t� the weld �tru�ture �h�w� i� Figure 6.a.

4. Result analysis and conclusion

�ati��yi�g value� �� �heave edge hard�e�� (320-
400 HB) are a�ieved by ��mbi�ati�� �� air a�d water 
���li�g. That way, by a�hievi�g the adequate �tru�ture 
while av�idi�g the te��i��, it i� a���mpli�hed that �� 

           a)         b)
Figure 9. I�du�ti�� harde�i�g �� the �heave edge; a) I�du�t�r with dual ���li�g �y�tem�; b) Harde�i�g �� the �heave edge
Slika 9. I�duk�ij�k� kalje�je ut�ra už�i�e; a) I�dukt�r � dvije hladili�e; b) Kalje�je ut�ra 

            a)                        b)
Figure 10. Mi�r��tru�ture �� �heave edge damage re��vered by weldi�g, er�ded with �ital 3 % (mag�ifi�ati�� 400 ×): a) Ba�i� 
material; b) Heat impa�t z��e  
Slika 10. Mikr��truktura �avariva�jem �a�ira��g �šteće�ja �a ut�ru už�i�e, �agrize�� �ital�m 3%, (p�v. 400 ×): a) O���v�i 
materijal; b) Z��a utje�aja t�pli�e

u�all�wed a��malie� appear i� the ��rm �� mi�r��ra�k�, 
�� the l��ati�� re��vered by weldi�g. Parameter� 
�ele�ted that way �h�uld e��ure l��g w�rki�g peri�d �� 
r�pe� (hard�e�� �00÷��0 HB) a� well a� �a�e dredger� 
per��rma��e. It i� a g��d example that u�e �� ��ie�tifi� 
meth�d� i� trib��y�tem eleme�t a�aly�i� a�d �ele�ti�� 
�� treatme�t parameter�, �a� ���tribute t� �e�e��ary 
a��epta��e �� appr�a�h that lead� t� e�fi�ie�t “e����mi� 
��ie��e”. Re�ear�h �h�uld be ���ti�ued by m��it�ri�g 
�� the �heave u�e, m��it�ri�g �� the wear i�te��ity 
a�d d�mi�a�t me�ha�i�m. The g�al i� t�, ba�ed �� 
the �eedba�k i���rmati��, a�hieve ��t ��ly dema�ded 
pr�pertie� �� the �heave edge, but al�� t� e��ure l��ger 
li�etime a�d quality i� �rder t� b���t ma�u�a�turer� 
reputati��.
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