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Design and process of ultra-precision drum roll lathe
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Abstract: In order to improve the domestic roll-to-roll manufacturing level of optical microstructure
films and change the fact that the manufacture of nearly all ultra-precision roll machining equipment is
monopolized by foreign companies, the first domestic ultra-precision roll lathe is designed and
integrated successfully with process experiments for typical microstructures. First, according to the
characteristics of optical microstructures for roller mold processing, the key technologies of machine
tools were analyzed. From this analysis, the machine’s structure and motion control system are
designed. After integration of the machine tool system, debugging of the motion control system and
linear axis motion resolution tests are carried out. Second, the straightness and positioning accuracy
of each axis are measured and compensated using a collimator and laser interferometer. Finally,
parameter optimization tests for reducing the burr height when manufacturing V-groove arrays are
performed through a cutting experiment by using a multi-step cutting method. Experimental results
indicate that the linear motion resolution of the ultra-precision machining lathe can reach 5 nm, full-
stroke bi-directional positioning accuracy of the linear axis is better than 1 pm, and the V-groove
micro-structure array processed with a final cutting depth of 1—2 pm has excellent surface quality.
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Fig. 1 Layout of ultra-precision drum roll lathe
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Tab.1 Specifications of ultra-precision roller mold lathe
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Fig. 4 Schematic of motion control system for ultra-precision drum roll lathe
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57

Tr BLECREEEEBREIRRZRITS T2 1669

K18 i, P oy ke B2 99 BE L o S JT 22 0
BEows wis w FARE L B+
YV RESERE R s his hoey 3 BI6E A D H
JERY VAR EE, ans apo» apien 53R — 4
B i1 B RUIENRE

®2 VHIRGEHXESH

Tab. 2 Key specifications of cutting system

A bRy
B 24 R HL ¥ (HV200-230)
TR E/(r e min™ D) 300
£ £ (90%)
WA T E B £A (09
Ja )
o [3er | I
0 : 4 ko

um
(]

-4 ) / 4

-6 = f-6
-8 F-8
157.03 157.05 157.07 157.08 15711 157.13 157.15 157.17 15719

mm

B 19 Bl v R A D o 4 2R

Fig. 19 Measurement result of burr height

g5 LTIk, 20 UV B m — 20 0 U0 ) R
Xof T A e G B DR AR SCHEAT T DD S
5 R A R S — 28 5 U B2, il i Taylor
Hobson 48 B AN 1V A B4 51 - 7 AL , K 56 50 4L
P ABE A P AT I A VR SR M ME
P20 T T vy B, SR e R SCANTAT 19 F s, DI 5
W SHCG R ZE R NER 3 Fin . A g5 5 mT %0,
5 L UTR R AR B R g B R A8CR A W i, I L
IR — L UTEIRETE 1~2 pm,

®3 ZTVHIERAFRBHRENNERNSE
Tab. 3 Burr height of micro V-grooves with multi-step

cutting process

B LYW/ pm B LYE/pm BRIEE/ nm
2 1 8.0
2 2 10.0
3 1 9.7
3 2 15.8
3 3 16.3
5 1 12.9
5 2 16.2
5 3 16.9
5 5 17.3

10 1 14.2
10 2 16.7
10 3 16.5
10 5 18.0

4.2 REEAEVERITESREMEEERD
AR LR S g 5 s i Pt T2 280, R P
AP A R T 18 pm. 2 pm fE R — 545
TOPMUIEIR B AR AR R BN T &SV
FEREF & 20 BT 7 Ay 4 1R 50 5L R 25 LR D) Hl
VR ) ST ke BT AR H TR R Y
VS UV IS E e PET 218 1B
BV RS L 21 4y TR S PET RIiH
V SRS ) SEM Kl & F, W % A BE Y
BRI B RG, VRS EE B AR A — Bk
. 2 5 U1l vk s — A U IR kR
1~2 pm, REASARAF MR & VR AY I Tt &L,

CcCD

Spindle with
chuck
Electroplated
copper Chip
evacuation
Diamond tool
Cutting fluid

setting

Work-piece with
micro V-grooves

Tool setting

& 20V BB EE 5 T H 5250 2% E
Fig. 20 Experimental setup for V-shaped groove array

cutting



1670 b=

K TR

5% 26 &

W 22 PR, R A A B0 12 80, 7e R
BEEL LT T 9884 600 mm, 5 h 40 pm
V AR RS, B Roll-to-Roll UV &4k T. 2 #45
A by v ORLRE B 51 5 B0 3] PET B A, fi
Taylor Hobson 48 B AR I B - 1 -V RIS
RN DORLRE B, b, 3 BRI IR N(— i
IUE 10~20) 4 V BURET B (P) SURN, SR O (8
YESR V IR FEAE 7 B 3 AR —BEZR T 1), 33 57 B
10 FrEdh . 2, 55 FE iR 22 4E 0. 05~0. 08 pm,

() T AR VAl

BI/NT 001 pm, H R 22 9 8 7E0. 03 pm DA
s BT VR B B R SO AR A5 3R THRLRE B
Z WA ST R, Y978 10 nm DAY,

VR BB (1 B R 25 R 25 Uk sh v 3R
TR RELRES J32 010 G 00 45 SR 100 B 7 6 Fe ST EL SRR %85 LR
b Bl 5 S R S A
JE 5 A AR B AR AR SR R e 2 VO
R R X HLIR (19 BEoR , B4 TIE R RT AR AT R A
TN T e R E RS M 1Y g

(b) PET J#i%ﬁ Vi

(a) Micro-prism array machined on flat work-piece (b) Micro-prism array imprinted on PET film

& 21
Fig. 21

(a) SRR R HUAR

(a) Drum roll lathe

AHE R 40 pm () V #E RS SEM I8 R

SEM images of micro-prism array with pitch of 40 pm

Roller mold

0.4 04 151 / L15

g; /{n\. 02 iy ’11 o VAU R P10

) 254 : / =

ol VLU L
g 004i--- ‘ ;1 [ WIl = r'\‘I A I|| l' \ﬂlvn - F}f\ _______ 0.0 304-armrmimrmemen \I J\ {- reimemteteasrap(l

A P4 TV A VYAV N T | w v V V V V
-0.2 lluf 02 o) A L-10
-03 =03 / Nt P 4 s
~04 : 7 S/ 0 A S i

222905 222925 222945 222 965 222985 223.005 2150 216.0 217.0 2180 2190 2200 221.0 2220

mm mm
(c) HLHE FEE K (d) 7

(c) Measurement of surface roughness

(d) Measurement of pitch

P 22 B SRR A G I 45 2R

Fig. 22 Measurement results of pitch and surface roughness for micro-prism array with pitch of 40 pm
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