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Wear resistant design of grating ruling tool for echelle
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Abstract; The stress distribution on gating ruling tool edge is analyzed by finite element analysis software DE-
FORM. Combined with the diamond crystal cleavage theory, the wear resistant edge orientation of tool is de-
signed. As the max friction direction on tool tip is parallel with periodic bond chain of diamond crystal and the
load in Z direction is vertical to (111) crystal plane, the angle between the blaze plane of tool and (111)
crystal plane is 27° and the angle between non-blaze plane of tool and (111) crystal plane is 63°. The ruling
distance is more than 17 km under the tool load of 72 g, and no defects occur on tool edge such as collapse,
etc. The life of grating ruling tool designed by this method far exceeds that of traditional ruling tool (ruling dis-
tance is about 0. 8 km) , which illustrates that the wear resistant design method of grating ruling tool for echelle
is feasible and effective.
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Fig.1  Schematic diagram of grating ruling process
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Fig.2  Curves of mechanical properties on aluminum

film measured by nanoindenter
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Tab.1 Parameters of mechanical properties on film
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Fig.3  Ruling tool of echelle grating
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Fig.4 Wear shape of ruling tool
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Fig.5 Indention stress distribution and real time stress

distribution in grating ruling process
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Fig.6 Indentation and groove measured by confocal la-

ser scanning microscopy
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Fig.7 Relative friction on tool produced by aluminum

film
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Fig.8 Octahedron structure and PBC direction of dia-

mond

J5 a1 R B JCEAS RE ) 56, SR, A RIA
REA B (111) SR ELRRAE , T 2461 ( R Af
PRI S5 % 15 MBI £ 0) M 0° ~90° A5 ki, 4
WL A fif 3 00 1) R T 38 R, YRR
O° B, H IR figp 2 24 T 1] 5 /s 24 FF 24 /A 90°
I, e oy 1 PR PR O, 4 WA 2030 70 BAEF I
b R A A A ) A B O LI 9

P -
'/:)

9 NI b A BT 2
Fig.9 Cleavage of diamond crystal
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Fig. 10  Crystal orientation method of wear resistant dia-

mond grating ruling tool

FRAE 4 KA b AR (111 ) b T A BLRRAIE ,
TR T Bt oy AR AT B RE , K T
HITN % 7 10 38 N e K i 0n B B 18 ri kit



52 4

i HGE2 A v B el 2k ) By st 305

T NI SRR (LT ) & T fife 22K S50k 3 e/ NI
) b, AR S 1) 1 5 (111 b T R 27°, 58 19 15
(111) S0 5% 63, GnE 10 frs, & 10 40,
SEER BT R B R T) g J) AR5 () |, 36 1 T Z0 51
75 Tia) B R AR I 5 A3 €20 1 B 2 g /T A 4 W A 3 1k
AT, 22 (110) il T V0 I 9 s 4B i, DA i 3
5(111) g1 AT g4 S (110) f 17
LIS RZE 5 (100) fb I P47 5 20 i Sk TR 1)
J5 181 R JJ B [l AR BRI %) 7 i, 2R Af RN N

5 SRR

AR SR 8 T B0 11 AR ) S DL R By
M R ] Bt %od 3 9T 1 25 K 0 T 2 T
pe-granniVpAR=DINRFTYIN T e S SR
v R B S 220 Jal ) B R P RE , R AR
AHNE 8 SR S A 220 Ja 30 50 ke i AR BH - 45 F
ASCHEFAT 0.074 4 g, 25 N s W 458 v A0 30 )
NIRRT AR 1 B0 5 AR A WA VR S T Sk v B, R
FA T80 MWLL10-X 528 A 2 1 430 s 1
A dnlnl JFRES AR . AR JTH ) O AR
07 5, 454 A NI A AOE 453, D4 NI 4z
THD R 455 WA 25 J2 T el ar i AR 1, &
WA RR B2 I, LA DR 1 22 286 b B 1 Sk JE e, 7
MWL110-X 54k iAo A L k47 4 NIA FR R
ZEW5E, I RGBT WEB T, AL T
TIEIIOE AR R 220 20 LA, 0 B AR 1Y)
H R R A 204 0 B RS 7T R 2.5 mm,
SEAH 63.5°, JIARF N 87° {51 ff R 25° ; 7F 460
A B AMOEE T WL, 704 4 T 0 M, 35 TG T
U, TV TIAR A UL 111 AR, 7T 1 B A

B A 220 K] T HAT s A R T
JUARSEHR 110 mm x 110 mm x 10 mm G
B, 2R AR R 250 11 pm, BRI SR AL
2B Ay 2 B A T o 2 2 DL 5 A 3
WFFEHT 1 5 2RI, B2 RIDLRG BE 5, R v dr
W51 2% T 0 H B s Y 220 K] 0 L D 2 A R e 1 2
F 1 SZIALTIHE L 5E S 4R R 1 0 e 703050k
1 2 L7757 £ B ARATD £ 2 A5 AR, AN RS, P
VA5 5L £ BARTA £ A 5 B ff 1 20K

TIHZRAER G, TR L350 — 287

L3R 52,6272 .82 g A AR, #EAT I Z)
R, PR LA G 20T 20 i B AT A I, % e
R, R IR 72g BB AR 2l HAGTY
FeEnEE ST, L, gk T 72 g TR A
3,727 B SFH 110 mm x 110 mm x 10 mm F)
JEMEBIR AT T R R G ) T B 4t

RN 58 8 — PR g b B G, # e
JEKT N W HATT S 2R SOMTERO L OB HRT Rr e H:
PTSFEE, JEHEAT W S5 % Fe o3BT . A SCBETH A 1)
JIH2 2000 58 LA 27 Herh B s, St Ak
17 km J5 B 2050 v BB G S Ak SO AT S
BEATISRTE M , 5500 T 1) 4 SRR A AR ], HOGA
I AR B AT BEDLIET 11

(a) WA EA
(a) Echelle grating

(b) ATSTBE
(b) Diffraction spot
B B 2 LI e KA S5 B
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