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Fig. 1. The schematic of the surface cracks in a typical die cast die
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Fig. 2. The cyclic symmetry of the die geometry
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Table 1. The geometric dimensions of the die (in mm)
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Fig. 4. Temperature distribution for the molten metal
affected boundaries
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Fig. 3. The thermal boundary conditions corresponding
to the die casting process

DIV el oaal ¥ Jgaz 5o o] (SilSege s Lolys a5 oy
B0 B (JSls ok Djglons 50 (85 5l g Slde 50
O oyl Jaml Jds a4 pley <3S L g 0,5 o L3 slesxl
S 09 oo ol askad sl S8 colie g B S zolans
A oo ol L 3 50 B 6l 1) Oliwe 8 3T cos (e ¥
Los (2l Jslaio slogSl 51 ol o 5,1 S8,k Jlos! (sl
' oled 6551 g0 jalaie oy 0ges slaiwl I3l 5 50 e s o

L ,blie sy 0gi oo oolatwl &)l am )0 pts slp T lged g

1 Decay
2 Smooth



YV-Y B YSAY asa Yoo JL.» Al o9 b)Lo..fS LY 0)9d u_g.g&a (e Ayl

G5 b abgS 5o Lylall @595 9 Sguzme gl ! Joo (Gusacmiiad jb o9 O S

Fig. 5. The finite element model partitioning and the mesh scheme near a typical groove corner
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Fig. 7. Variation of the maximum von Mises stress versus
the number of elements
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Fig. 6. The variation of von Mises stress for the full and
the one- seventh models

Ol b3S L L sy e 59) 2 | Lo Sl F SS s
2 B (Sgm s 0gdion (B3 Ll )0 (ized aad (o0 (LIS
st S boe s b lnlr 5yl Jols L

(T, =oW/m?.K )

5 Sl 09950 (61321 (55lutnnds 5l onaliamas 4l (sla Julos

o o5 by g ol aigS o 25 bol S a8 Cel )]

=vavK, A

air

39290 oyl jleolaiul b ol iy sl 3blis L 51 2550
O3S el molge a1, (g i slaledl slass lgs e jl38le 5 0o
Slybl o s )b cpais O S asles jalaie oy oS Colaa

2 Fully coupled

1  Partition

YAy



YV B YPAY dsio Ve Jlo o oy oyl OF 093 cSuilSio  wbies &y yui

~+ T =093K
203K N(A
" o
.

Reference

(a)

Temperature, Ty = 293 K

|\ - - - - 7 7 = 1
| T =993K |
| | |
yd |
L 7,=293K |
1/ P i
| 4 2 \'.x’J :
|\ [ |
™ |
| ) —— ¥
| Eeference |
| Temperature, Ty =293 K |

(B) w95 93! (o dilgiwl S b (@) B 5910 0 > (5l olee A S5

Fig. 8. The circular cavity of die (a) simplified by a hollow cylinder (b)
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Fig. 9. Distribution of temperature and stress components along a radial path for the die cavity and the hollow cylinder
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Fig. 10. Transient stresses distribution over the inner boundary for the die cavity and the hollow cylinder
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Fig. 11. von Mises stress and temperature distribution contours around the groove corner at
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Fig. 12. The von Mises stress distribution along the edge of an injection groove
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Table 3. Thermo-mechanical properties of typical industrial coatings [22 ,21]
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Fig. 15. Distribution of the von Mises stress along the groove edge for the different coating types

3 i 5l glos S jsb 4 Aule 5 (59,95 (S wiilen
Gl e a4y azgi b .0gd oo oolanl o5 Cules b slaasy
Jslate 5318 slaidig 51 Glgs oo Sla 590 anlad Sl 4o
ool 5o I el o 8 sslal T ot jee Liuldl g ol LpalS (sl
Sl 4 SzeS Y S 585 0 b (a3 ide b gk
B &5 0yi g ket SLbI s e Gleie 4 e dee /)
el 00 gy T b Blie (SilSage s Slasiie janasd g
Tpsiesll psilid s dodes s lagids Hskie e
S oo )18 andllae 3550 T pae (o2 g T e 0 i
e Ell (gl 5l (S St 09 S (B g 4z ST
b £ (nl chnd bl alex 51 05y Conl &l pl )3 polie
38 5 g ol (S plSoctul (( FaiiSd g 605 4 Ol o0
polie slagidgy Ko 518 o )lul gao i wul ) (b (e

1  Hard Chrome

2 TiAIN

3 SiN,

4 Functionally Graded Material (FGM)

B o)l Seb wlgh co olie 38 LB o sles OS] 0
Slsicsm B 3 80,5 e bl 3,51 95 B &1, g
ool e VS ol el goly o B ) Les s oyl
B o5 e slos calizie polia slil @] jasayy GRS mouSle
loo cuin byl jo 000 oo lid 0,5 Gies e Db 4 cos
Og Sexdg b ol mls g G pd B o 5 e sl Al
u‘).u.u QB..AGQ :L‘a.?-)La as )BJa)Lon el o0l MLM [«:;w
Soymt b L8, Sl ey S G Gl e e 98 A
sleo b B o Sp St O SO0 mls & 4y b wS e
slos (RIBIL az ST aas 2als 0 5 A (e Sl ) S
A0 5l it reniss 5 ponsSle ke ¥ 0C b oSy
plSoiul lejar job as el \Soo Jolie jo Sy Wb oo ialS

ol elS B S

s ol il o (SlKe lakad cliblrs jsliie 4

Y14A



YV B YPAY dsio Ve Jlo o oy oyl OF 093 cSuilSio  wbies &y yui

x 100

Without coating
—=—=— Hard Chrome

40 41 - FGM

t=0.04s)

£ 30
bé’zo
10-
0 S —
0 4 8 12 16 20 24
S(mm)
9OxlOO

Without coating

80 1 —=—=— Hard Chrome

704 ®-® FGM
60_ [t=2.5S)

(MPa)

o

0 4 8 12 16 20 24
S(mm)

x 100

Without coating
—=—s— Hard Chrome

501 e-e fem

40 t=0.1 s\/]

(MPa)

S (mm)
x 100
80 Without coating
70. —=—e— Hard Chrome
®-® FGM
_ 60 (t=5.55)
§ 501
T2 401
o~ 30
20
10+
0

0 4 8§ 12 16 20 24
S(mm)

Too MU Gy 6Ty 5l 4 (595 1 sy T Sy VPSS

Fig. 16. Distribution of the von Mises stress along the groove edge for the FGM coating type
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