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Algorithm to 3-dimensional Analysis of Cleavage Facet and Its Application
for Brittle Fracture Surface of Steels

Hideshi SumiyosHl, Tachio TAKANO and Chitoshi MASUDA

Synopsis :

Computer image processing technology was applied to cleavage fracture surface analysis and an algorithm
for the estimation of 3-dimensional cleavage facet boundaries and 3-dimensional facet areas were developed.
An angle a; ; between relative normal vectors of a mesh plane M, ; and the adjacent mesh plane M;+, ; along
X axis was calculated and a; ; was compared to a threshold angle a,,. If o, ; is larger than a,, and a;+,; is
smaller than a,,, the mesh plane M, ; was decided to be the facet boundary. The same calculation was
continued along both X- and Y-axes to obtain facet numbers contained in the analyzed area. After the
estimation of facet boundaries, 3-dimensional facet areas were calculated from the 2-dimensional facet
areas divided by cosp; ;, which is the angle between average normal vector of a facet and vertical vector.
The algorithm developed in this study was applied to analyze the cleavage fracture surfaces of mild steel
and HTS0 steel and the effect of the threshold angle on the estimated facet numbers, distribution of the
values of @ and the 3-dimensional facet areas were discussed. The developed method is very useful for
analyzing the cleavage facet size and for discussing a relationship between cleavage fracture and micro-
structures of steels, such as ferrite and the prior austenite grain sizes.

Key words : steels ; brittle fracture surface ; cleavage facet; image processing; three-dimensional analysis ;
relative normal vector ; personal computer.
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1. Calculation of fracture surface topography.

L Reading the stereo image picture. l
T

[ Preprocessing by Prewitt edge filter. |
T

[ 3-Dimensional analysis(SSDA). |
3
["Making of 3D data file (Fh). |

2Determination of facet boundary:.
[ Reading the Fh file.]

Preprocessing. 1).Median filter.
2). Smooth filter

1
[ Caleulating the normal vector |
1

[ Setting the boundary Threshold. ]
¥

| Drawing the facet boundary. |
1

Post processing.
1) Connection (Surface order).
2),Skeleton( = o)
3).Expansion and Contraction{Pixel order).
4). Skeleton(Pixel order).

3.Estimation the 3D-facet size.
[ Reading the Fh file. |
b

Preprocessing. 1). Median filter
2). Smooth fitter.

| Labeling the facet. ]
1
| Calculating the 2Dand 3D facet area. ]

[ Calculating the distribution of 3D-facet size.|

Fig. 1. Flow of 3-dimensional image analysis for
cleavage fracture facet.
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Fig. 2. Template matching for 3-
dimensional topography.
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Fig. 3. Illustration of the calculation of the angle
- between normal vectors of adjacent meshs.
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Fig. 4. Illustration of the
dimensional facet area.
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Photo. 1. Microstructures for
(a) mild steel and (b) HTS80
steel.
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Photo. 2. Stereo fractographs for (a) mild steel and (b) HT80 steel.
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Fig. 5. Examples of facet boundaries
decided by manual for (a) mild steel
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and (b) HTS80 steel as shown in Photo.
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Fig. 6. Bird's eye views of fracture surface for
(a) mild steel and (b) HT80 steel as shown in
Photo. 2.
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Fig. 7. Examples of facet boundaries de-
cided by image analysis for (a) mild steel

and (b) HT80 steel as shown in Photo. 2.

Table 1. Analytical results for cleavage facet sizes.
Facet size £ (um)
Area Facet Grain Charpy Test Vickers
. Analysis a,, = 12° Manual number size energ; temp. | hardness Structure
Material Code Ssp/ Sep (um) (N'mg (°c) (HV)
3-dimensional 2-dimensional ,
P3p )] P2p n d E
S1 14.29 12.31 16.39 56 29
. S2 13.95 12.54 19.56 51 32.97 . —196 149 .
Mild S3 13.32 11.91 15.78 56 Ferrite
steel pearlite
Mean 13.85 12.25 17.24 54.3
H1 13.55 12.18 15.76 49
H2 13.37 12.21 17.41 51 22.83 15.7 —100 286 Temperd
HT80 H3 13.43 12.18 14.34 51 martensite
Mean 13.43 12.16 15.84 50.3
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Fig. 8. Examples of facet boundaries de-
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cided at the threshold angles for e,, = 10
degrees and (b) a,, = 20 degrees.
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Fig. 9. Variation of facet number, n and ratio of
closed facet area to total area, R’, to the threshold
angle, a,;,.
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Fig. 10. Relationship between the mesh number, m
and the angle of normal vector, a between adjacent
meshs.

SO EBHRRDZETHDBD, ROBBICEDHE
TR ARTRETH - 722 & T, Table 1 TIRT p3p
DML T O KNEFRAT, 03p TRFFLL TWEHHLE
B, 3RTHICEATETHO THL M /22
Thb.

F7:, RffiiZ Table 1 2 D T/RLTH DB, 0l
fitE e LEISHEIC LB ESRL D, Bt LAdEHD
ENHDHIE, SHIEHH L RAEIZEKEO T,
HT80 gl TKRKEVWI EHbAA. REICIZ oD
BRLH Y, —2EBEHEEROMEF L E o ERN %M
AR & WS, ZoRBEOEHRN MM E T
LS ML A L WIEETH S, KT 5 & aiHE TR
DOHAEIT, HBFI1: HTS0 M OB & 12354 T A AT REME 4°
H5b.

4-4 SHOER

SAHRE L 2RSS ~ & BARE I HLAL O
iR, ERITLATWABRICXAHETRHITA LW
IRTIFERVBBONDL I EWKELFHTHAL. 7,
BB O LM G R T AR AL IS B BN S P
DODHEEDATHY, FWICHRTHIEEVZD., &5
2, HE LB HAAE 4 0 3 RTTIAESETE T & A
B, 7xI4 MESKEE, S—F 4 M TES LV

—118—



NEMT 7y MO 3 KTCHEN TV T X ADBS & Z OFME O W TEEIT A~ OIS 305

20

(a) — - 5S41(S2)
10 —|
0 Fr M
(b)
] P3p=139
cot+——/ -
1Al e | o
© 5, 122 HT80(H3)

c 10 =
of o] [hln.

{d)

Pyp=134
c10 T—%
il N
0 10 20 30 40
P (um)

Fig. 11. Distribution of facet diameter calculated
for 2-dimensional or 3-dimensional scales.
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