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Experimental Analysis on Multilayer Cladding Using AISI-M4/H13
Metal Powders for Enhancement of Wear Resistance and Shockproof

Characteristics
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Ofl4X| =), Multilayer cladding (C}& Sag),

Generally, press molds have thermal and mechanical impact wear during usage. To improve the life of the mold,
enhancement of mechanical properties such as abrasion resistance and shockproof capability is required. To solve this, we
propose the multi-layered cladding process of functional materials with different mixing ratios. AISI-D2 material, known as
cold die steel, was used as base material and AISI-M4 and -H13 powders were used for surface cladding on the base
metal for high resistance wear and shockproof capability. Four cases of specimens were prepared to compare mechanical
properties after tests. Through this study, a specimen multiple cladded with mixing M4 and H13 powders for middle layer
and M4 powder only for top layer showed 80% improvement in shockproof capability. We posit that this method based on
multi-layer cladding with a combination of functional metal powders increased mold life.
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Table 1 Chemical composition of various powders (wt. %)

Chemical
element

AISI-D2 16 118 844 04 08 03 08 -

Cr Fe Mn Mo Si \% w

AISI-M4 14 45 795 03 45 03 40 55
AISI-H13 05 50 904 04 16 1.0 1.1 -
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Fig. 1 Schematic diagram of direct energy deposition (DED)
equipment
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Table 2 Preparation of specimens with middle layer

Middle layer
Specimen AISI- AISI- Multiple cladded
H13(%) M4(%)
Case-1
100 0 -
(One MLs) 2.75 mm
Case2 100 0 _: :SLa)er)
L. mm
(Two MLs) 50 50 _v(9 Layer)
70 30
Case-3 5 mm
(Three MLs) >0 >0
30 70 r
Load, F (4 kg
Cladded Surface

Fig. 2 Schematic diagram of wear test
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Fig. 3 Illustration of impact test specimen; inset @ shows the detail
shape and deposition of a notch (unit: mm)
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Fig. 4 Results of the micro vickers hardness tests
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Fig. 5 SEM images of the fractured surface; (a) Case-1 shows interface cracks and voids between AISI-D2 and —H13, (b) Case-2 shows
interface cracks and voids between partial mixture layer (AISI-M4 and —-H13) and base metal AISI-D2, and (c) Case-3 shows

improvement of cleaner fractured surface

7V 322 AISI-M4 -2 Aol AR 3712 B FollA
TV = AEE UEL ok B3 $XHea BA Ale]9
JeFRoAE A} HlwSte] oF 30% o AHEr} FelE

4.2 OIRAIE Zdu}
271 2ol 10mmE 71E0% slglon ko] WslE /)%
B4 Yekz Alge] 2Tk Table 39} 2 A
L}Ew oich. mE AEwe] melo] yulmAo] L& AISI-M4
Hufo] Folsl #Zo] Hlofgle] ERo] nh o]l of 0.15-
0.17 mme] 9] Qo 4] §A151A Lepde).

43 &2 A Zat

7t ASHA wE WsAdes Brsk] AR 54
A& (Charpy Impact TestyS $=35}9]t}h. Table 30j= AF29] &
A AR Adits aofsto] UrEHH ek, FHEglo] FHol M4
S 233t Al E(Case-0)2] ¢ & &5 olvAl= 1.24 J= 1
bt $7130] Q= o ZY3t Cases-1, 2, 3 AJHQ] &
B4 o x| 7k7h 1.33, 1.71, 2.23 Jo|iTh. Case-3 A|EH Y
T oldA7F 7P wokew, S Sle AlJ?‘(CaSe 0)ell Hl
3 oF 80% =S E} J-Y Fol dZele Etskal
Case-1 A|F@HE] F FollUA]= 7120 AISI-MATRS: A5-3F
AR A} 2o 7} ﬂxl AT

Case-39] A1E HoE f, A3H Z3 7|79 741?1;% )
o EHF Afo]o] FHIE AEFoeN TA Al F AW +
o] 91917] wjEo] S2El HIFEANS Zheriy B 2 o

Table 3 Summarized results of wear test and Charpy impact test;
without middle layer and three cases

Deposited Without middle With middle layer
case layer (Case-0) Case-1 Case-2  Case-3
Height (mm) 9.84 983 984 985
Total absorbed 1.24 133 171 223
energy (J)
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