Journd of the Korean Crystal Growth and Crystal Technology
Vol. 23, No. 4 (2013) 173-179
http://dx.doi.org/10.6111/JKCGCT.2013.23.4.173

The analysis of optical influence on the grading tolerances and proportions
for the round brilliant cut polished diamonds

Eun-Ju Kim'

Dept. of the Faculty of Arts & Profession and Industrial Design, Dongshin University, Naju 520-714, Korea
(Received July 11, 2013)

(Revised August 7, 2013)

(Accepted August 9, 2013)

Abstract Even though a rough diamond shape is irregular and rugged, it is easy to be processed to make gem, shaped
facets (table, crown, pavilion and girdle) were precisely treated because they influence on the evaluation of diamond
grading. Those specifications suitable for the standard round brilliant cut diamond polishing were investigated and in 95 %
statistical  confidence interval, standard deviation, mean and acceptable tolerance were examined. According to these
variables (size, angle, depth, and thickness) distribution, the frequency analysis of ratings and proportions were compared
with each other. The correlation between each variables and the evidence of influence represented in proportion were
determined by the regression analysis applying LSM (Least Square Method). In this research, it was recognized that table
sizes of the diamond jewels and pavilion depth (in %) influence the rating decision and in particular, the depth of pavilion
acting as the main factor of proportions, also plays an important role in optical phenomena.
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Table 1
Analysis of the Influence factors for diamond cut grading by the
LSM

Applying of the LSM (Least Square Method)

Influence | Tolerance Correlation Table

(S.Polishing) Factors Crown
Pavilion
Girdle

Il Proportions Influence  Size (Table)

(Polishing Grade) Factors Height (Crown)
Depth (Pavilion)
Thickness (Girdle)

% Judging light performance - Refraction, Dispersion

(Measure: Percentage (%), Unit (mm), Angle (°), Wave length
(nm))

——— Girdle dlameter T
— Table size

Crown height

|

Pavilion depth

L

Crown angle

Pavilion angle

Culet
Fig. 1. Profile views of a round brilliant cut diamond.
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Table 2
Properties of round brilliant cut diamonds examined
Putasde Shape Caratweight Color Clarity Cut qudlity
1 Round 6.01 H SI1 Excdlent
2 Round 4.34 J V2 Premium
3 Round 4.12 J V2 Premium
4 Round 4.04 D VVSL Excdlent
5 Round 3.50 H SI2 Good
6 Round 3.47 E VVS1 Excdlent
7 Round 3.40 H S12 Excdlent
8 Round 3.18 | S13 Excdlent
9 Round 3.17 K S11 Premium
10 Round 3.15 H S13 Excellent
11 Round 3.10 H S11 Premium
12 Round 3.00 D VVS1 Excdlent
13 Round 2.75 H VS1 Excdlent
14 Round 2.50 J SI2 Excdllent
15 Round 2.00 J VSl Excdlent
16 Round 1.25 L 11 Excdlent
17 Round 1.00 J SI2 Good
18 Round 0.90 G VS1 Excdlent
19 Round 0.50 H SI2 Excdlent
20 Round 0.33 | SI2 Excdlent
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Table 3
Fluorescent reaction of according to the color grading in natural diamond
_ _ Fluorescence Reaction sum (N = 80)
Color & Clarity Gradin
v Y None Faint | dentification (100 %)
D-F IF-VVS2 2(25%) 1(1.25%) * Brightness 3(375%)
VS1-VS2 (Fine white)
91-13 (Blue white)
(Blue)
G-H IF-VVS2 28 (35 %) 2(25%) « Fire Patern 30 (37.5%)
VS1-VS2
SI1-I3
I-M IF-13 45 (56 %) 2(25%) 47 (58.5 %)
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Fig. 2. Tolerance of angle of table and crown.

Fig. 3. Tolerance of pavilion depth.
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Fig. 4. Tolerance of Girdle thickness.

Table 4

Average of the girdle thickness
Thickness Grading
Median, S.Thick 1
Thin, Thick 2
Very thin, Very thick 3
Ex thin, Ex thick 4
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Table 5
Frequency andlysis of cutting grade
Freguency Percent (%)
1 18 225
2 13 16.3
3 26 325
4 23 28.8
Sum 80 100.0
Histogram
30
average
= 2968
standard deviation
=1.123
2207 N =80
=
@
=]
o
o
U 101
() T T T T T
0 1 2 3 4 5

Cutting grade
Fig. 5. Frequency analysis of the cut grading by the histogram.
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Fig. 6. Digribution of table size (%), according to the cut grades.
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Fig. 7. Didribution of crown angle, according to the cut grades.
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Fig. 8. Digribution of girdle thickness, according to the cut grades.
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Fig. 9. Distribution of pavilion depth (%), according to the cut
grades.
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Table 6
Comparison of the proportions of round brilliant cut diamond
USA Europe
Sandard A erican)  (Scandinavian)

Teblesize 53~60% 53~57%  53~58%
Crown angle 34~35° 345~358" 33.7-35.3°
Girdle thickness a% 22% 25+5%
Pavilion depth (%) 43 % 431% 425~43.8 %
Ratio 1:1667 1:1.887 1:1.786
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Tolerance Average Standard deviation Confidence interval (95 %)
Tablesize 22 64.93 5.238 (63.78, 66.08)
Crown angle 13 33.375 3.646 (32.58, 34.17)
Girdle thickness 3 1.987 0.796 (1.81, 2.16)
Pavilion depth 6 45.192 1.902 (44.78, 45.61)
Crown percent 10 11.301 2.36 (10.78, 11.82)
Table 8
Results of correlation analysis of the measured variables
Tablesize  Crownangle  Averagethicknessof thegirdle Paviliondepth  Cutting grade
Tablesize 1
Crown angle -0.029 1
Averagethickness of thegirdle  0.689*** 0.193* 1
Pavilion depth 0.875*** -0.004 0.565*** 1
Cutting grade 0.87 -0.032 0.633*** 0.882x** 1
(0.1>"*",0.05>“**" 0,01 > “***")
Table 9
Regression analysis of influence between measured variables
Model Square sum Degrees of freedom Mean square F Significanceprobability
Regression Model 82.817 4 20.704 92.802 0.000
Residuas 16.733 75 0.223
Sum 99.550 79
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Table 10 Table 12
Regression analyss (1) of influence between measured variables Results of the regression analysis (3) on corrdative influence
Modd B (Regression coefficient)t-Satistics Model B (Regression coefficient) t-Statistics
(Congtant) -15.720 —9.322x** (Constant) -16.558 —10.550***
Tablesze 0.078 3273 ** Pavilion depth percent 0.286 4.928***
Crown angle -0.012 -0.797 Tablesize 0.097 4.632F**
Avqrggethwkne&of the girdle0.149 1530 . (01> ", 0.05> “**" 0,0L>“***")
Pavilion depth percent 0.298 5.108*

(0.1>"*",0.05>“**",0.0l>“***") Table 13

Round brilliant cut grades proportions

Zve, A FA H, Hugd Zo] JAE F HA (N=80) 1(Excdlent) 2(Good) 3(Far) 4 (Poor)
st A" Swel #EAEE UEde & 5 dith Table%  53~60 61~64  65~70 71~
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Diamond®] Table =719} Pavilion Zo]e] WH7H
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Table 11
Regression analysis (2) of influence between measured variables

Depth (%) 56.9~59.2 53.8-559 54.1-574 54.1-61.2

Table 14

Rating impact analysis of diamond proportions

(N=280) 1 (Excdlent) 2 (Good) 3 (Fair)) 4 (Poor)
Table % 53~60 61~64 65~70 71~
Ratio 1.886~1.667 1.64~1.56 1.54~1.43 141~
Table%fregency 23 18 25 14
Teble % ratio 288 225 313 175
Depth (%) 56.9~59.2 53.8~559 54.1~57.4 54.1~61.2
Depth (%) fregency 18 13 26 23
Depth (%) ratio 225 16.3 325 288

Fig. 10. Opticd phenomena due to the angle of table and
crown - (a), (b) bruted girdle @ and (c) faceted girdle 2.

= I %LME} Depth %7} 212542 Elo]E v}
AA L, 53 =39 Agsl ylaal 71JL°](43%).—§‘
Zh ‘:PO]OP'&%(HQ. 1)oM= Wo] Hiek 43 =g
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gyjo]X (Scintilation) E7H(Fig. 12)5 Xt EFEH
A Wk Hded NS TiEAE I S5
(@, (b) in Fig. 1041d oA, sjAHE AS2 WA
7F el 2 =5 ¢k ¥k wi=((0) in Fig. 10)49H
Ehp7= SFSith(Table 15).

Square sum Degrees of freedom Mean square F Significanceprobability
Regression Model 82.267 2 41.134 183.264 0.000
Residuals 17.283 77 0.224
Sum 99.550 79
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Table 15
Optical phenomena due to the pavilion depth

Light Performance Factors

Brightness Brilliance

Fire Dispersion (Spectra color)

Pattern Leskage Contrast

Pavilion depth and appearance

35~38% Girdle reflection clearly visible through the table (fish-eye)
39~40% Girdle reflection just inside table

1% Table reflection1/4, culet to table (corner reflection) - beginsto break up.
43% Table reflection 1/3, culet to table corner

445% Table reflection 1/2, culet to table corner

455 % Table reflection 2/3, culet to table corner

47 % Table reflection 3/4, culet to table corner

8% Table reflection almost reaches table corner

49~51 % Dark table and star facets

Fig. 11. The excellent proportioned diamonds (Photos from the
american gem society laboratory).

Fig. 12. Prismatic, sparkling effect of cut diamond.
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