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Abstract: An online measurement system for the deep hole machining force of quartz prefabricated rods
has been designed and implemented, addressing the unique characteristics of the rods’ mounting structure
and the critical relationship between cutting force and tool wear. Leveraging the drilling process dominated
by axial force, a double-guide design was employed to isolate the tilting moment and other directional forc-
es, enabling low-cost, real-time cutting force measurement through a unidirectional piezoelectric force sen-
sor. To validate the system's effectiveness, multiple experiments were conducted on quartz prefabricated
rods using tools exhibiting varying degrees of wear, and the correlation between cutting force and tool
wear progression was analyzed. Experimental results on Panda bias-preserving fiber prefabricated rods in-

dicate that the core is susceptible to fracture when machined with a 12. 8 mm diameter tool at cutting forces
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Fig.1 Online measuring system for cutting force in deep hole machining of quartz prefabricated bar
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Fig.2 Block diagram of acquisition program for Lab-
VIEW host computer

2.2 EFNEHMHNAREERIEIT

R 4 A1 0 T o) e 1 R AR, AR SR T Y
B R G B 08 I 15 1 A1 0 71 i B K B AN 2 300
mm, AT 60 mm, RIELK , A HEML TR
AL Al 1 B ) K BCE L AR B LA A i
bl =1 I B A S £ 2 o N B 4 P = NS
oRE e JF HA M R i T2 % 8l T 2R g
BLF BhAS BT T LR Go i A% B R B
] R H AL R . X HLBE$F CL-YD303 B 5 fi9 J&

HL AR SR AN AT 3 BT A AR I R ATk
+2000 N, RGN 4 pe/N, I & 65 Pk L
BER/INT 100 F =S, 2 il 1 I B oK

:
/
i

M5

plémax
3 CL-YD303 [ i {4 25 o 2 1l
Fig. 3 Schematiz diagram of CL.-YD303 piezoelectric sensor



S

1764

I % TR 55 33 %

WA A% 5 1) 22 2B RUSE X e Bk A7 k1), A
RS A 4(a) s o B 4(b) Ry A% IR 2% 2 R
B R T AR A R AS 2 ) R ),/
B L 1 B 8 A2 T A A K P R, a1 A
P AE T HORSCE . A R L
T A% A 1 TR, O LA a4 30 o MR T[] A A
P B R AR SR T A g
(A6 2 DU JIG 32k o 6 00 2 T 4 A Ak L T AR 3R TS By
A TR L I AL , (45 15 SR A% 1Y 52 0 1 5
7 B A B R o E R [, DR T A el
VI A F T A5 et b 2T o il 1) a2 7 2 8 )
5 B AR b 1) o A R AR A an & 4(e)
7R, R FH P AR RGBS AT AR B0 A% R 2
TP K 1 B RN W B [ iR SR R

Fixed block

Adjustment block 1

Fixed seat

Quartz preformed rod

(a) M1 E P RIREER

(a) Overall structure of force measuring fixture

(c) HEL S5
(c) Linear guide

& 4

B A B0 2 TR — A REAR . R BLEE TS
10 7 Al ) A0 T 2 0 R DU ] E T S LA
BRI Tl R, YIE S B
BRI Ty e 1B 2 AR I % oh T VAT S A 205 i
AR Bl 3R R I A TR S RE 1 W E Al
W UIHI 1o B 4(d) Dy A 1 2 A B, i VORLSE
S TR AR S B A2 R . VORISR SR TR
M BE & I PR 480 7 2 T ol e T 0 ) 46 4, 4
s TR AL E B E L . IR AR JE e 4R,
Lk B A GE AL AR e L DR e B8 g e R 48 4 A 4
PEHE R ) L, A&l 4(a) BT, A 3 5 22 4 35
o3 o[ S YR R A DL R — S [ T R R R B
LK, ifp R ST HL 5 LR 114 722 2 ) AL

TE AN T e op A2 SR AR BT 7K 32 1) 30 A

Adjustment block

Regulating block

(b) B A ) (ks 2R T

(b) Unidirectional force sensor installation diagram

Shaped platen

Guide rail adjusting plate

(d) THEEREE
(d) Workpiece fixing device

T3 e B4

Fig.4 Structure of force measuring fixture



%114

PINBEI , 25 « A7 & U P R FL o0 300 g e R it S SE g 5 1765

FLAGEYIH] Ty, 6 A3 45 HAE e B BT AR 3000 T i
R, 5 E R AT B ik . e R it SR 1%
R R Z AT AL R e RO R ARV
AUBRAN SR M . 4l oF o, X Be 30 14 9 8 5
200 70 N, T A S 90 A% A 1 e oK JB i nT
ik 18.7 N v ik JH i 1% B4 &= F2 2 000 N, i
AR S Y E 2R X R A B E T AR
JR R T N e HLE T A BRE

3.1 EWigit

H T BRI Sy Je B A Rt AR SR T £
L BRFL N TS5 o S50 2 7E Bk bl bk
TR, Q& 5 Bt Bk 700 g e B AL iR A Ha A
K (B55h YES850B) , B4 R 4 & (NI A H],
USB-6259) LA & H EFF E BRI TR % .
I8 T A M E AN 38.9 mm, K JF K 298. 7 mm
BB R, EEM SRR IR 1R, B 6H

haE R TR

FYT/ AN Data acquisition
- £0) =\ card

4 Charge]
. amplifier

Force measuring-n
Host computer fixture

FS A STl o TR LI TS0 90 e

Fig.5 Experimental setup for deep hole machining of

quartz prefabricated rods

Hollow structure

Areas containing diamond abrasive grains

K6 &RIfHaTIA
Fig. 6 Diamond hollow tool

®1 AERBHEMNEENZMERE

Tab.1 Main mechanical properties of quartz glass rod

Compressive strength/MPa Impact strength/MPa

Flexural strength/MPa

Hardness/Mohs

800—1000 0.108

60—70 5—7
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Tab.2 Experimental parameter for deep hole machining

Experiment Rotation speed/ Feed rate/

number (remin~") (mmemin ") Tool state
1 2 400 14 New
2 2 400 14 Light wear
3 2400 14 Severe wear
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Fig. 8 Cutting force signal pre-processing
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Tab.3 Average cutting force at different drilling depths

(N)
Drilling . ) )

depth/mm Experiment 1 Experiment 2 Experiment 3
0 25.362 77.404 263. 500
20 38.115 82.525 287.970
40 48.545 86. 360 291. 840
60 52.479 88.182 297.700
80 55. 354 93.271 299.990
100 60. 933 102. 927 304. 900
120 63.833 107.519 311. 150
140 68. 283 113. 847 315. 650
160 73.210 115. 888 319. 900
180 77.316 118.911 325.950
200 81.413 120. 303 331. 080
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Fig. 10  Spectra of cutting force signals from experiment 1, 2 and 3
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