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About V-Glace simulation code

* V-Glace glass press mold simulation code
 Static explicit solver based on V-Struct with simultaneous thermal conductivity calculation
* Hexahedral mesh capable of simulating large deformation
* Creep constitution equation using Norton law with Arrhenius-type temperature extension
» Deformable body contact simulation

* Young’s modulus, thermal conductivity, thermal expansion, specific heat, creep
parameters and friction are considered

* Fictive temperature calculation supported (parameter not implemented)

2 PTANYTIES  ER4E HEP/REIORT  Ri(4-sIR
I ] R Q| T

R | e [ca e e e e e -
L R

-5Am  ¥-5an
o2 | -

Advantage:

* Relatively stable over large
press forming deformation

Disadvantage:

e Requires relatively large
computing power

Norton Law : . -
. /5 ( AH) L.h_inn_l : 150 S RET LA e
& = y o eXp - | BT | rm; M 1 47 G017 BAGEIN? MBI B
RT Main GUI Interface of V-Glace

€:strain velocity, y:constant, o:stress, AH: Mesh is generated by parametrized script to
activation energy, R: Gas constant, T

H o" ”
Absolute Temperature obtain “good” hexahedral mesh.

Aspherical lens parameter can be used.
2025/6/13 VCADXFEHRFHREMER 2



V-Glace(V-Struct) DETHE R IE
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StosEB (V-Glace TlIkLE M) #k=

= Ciju D (1) (zGh=r V22 CEE~ Y v 7 X, DEMEE< Y 7 X)
%E_\ﬁ@&%@EEEmmE%ﬁ%LT%X%viitE%%ﬁ%?%o
Z DEERDOEALIL,
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Examples of glass press mold simulation by V-Glace

Lens with flange from ball preform

Mo Prn Sress

Vin Prin Stress 00 Time = 0. 0000CE+00

Lattime & s

" (VP
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-
-
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155 ]
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|1
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Microlens Array } 3D curved glass cover for smartphone
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Material parameters for the simulation

* Material parameters listed on the table Material parameters for V-Glace
. . . Material Parameter Measurement method Temperature
are required for simulation. dependence
Young's modulus, Ultrasonic method Yes
Poisson's ratio
¢ M OSt p a ra m ete rs a re te m p e rat u re Thermal conductivity Laser flash Yes
Coefficient of thermal Thermal expansion Yes
d e p e n d e nt o expansion measurement machine
. Density Densitometer by  electric No
balance
¢ E S p e C I a I Iy C re e p p a ra m Ete rS a n d Specific heat Differential Scanning Yes
. . . . . calorimetr;
friction are difficult to measure using Croap parameten oo plts Vocometer =
. . . Friction Ring compression method Yes
eX | St | n g | n St r u m e n ts . Structural relaxation Densitometer No
= Specification of two-plate viscometer
Servo
Motor and.._ Parameter Values
- . . g Max Press force 1,000N or 5,000N
t Max temperature 900°C
Upper Position 0.Imm
Heater Resolution
Sample size @l5mm t=10mm
er Test mode Constant press force,
Hester constant press speed,
sticking force measurement

Lower

:
F

Inside Furance

Originally developed two-plate

. . . |
viscometer is used for measuring -
creep para meters. Glass sample before and after creep test

2025/6/13 VCADAFHZFoRfRe 5



Creep parameter analysis

02 . 0 - .
0 j -4
-02 / / o /
S04 o /
£ 06 S0 1T g #
EUs H
: Sz STt
: . £ o
Z-02 H Secoar-10m
3 1 o
140NN eagtin
Lo N
T aa—

Nerow atrun

Norton law is modified in linear form:

AH1 1 —
+ ﬁ T ? ln ) eeees (6) 72 *w”;

In az%ln ‘

parameters are identified by:
AH1 1 A
CO = ,B_RT o B In y - (7) Cl = % “'(8) Log data plot and Arrhenius plot for L-BAL42 and L-TIM28

5
110 = 250 0.2 ; : ' 24
o
| " | L =
| | 2.2
o AR Y ﬂ * il o .
1.2+ I il i J (M ‘ 200 /
| \ ALY I 02+ 2 e
E E . = 560degC 200N |
5 144 ] = & 04 570desG-170N | 18 beta=2.71:0.28 d
o ! | 3 2 580degC-100N| He515.88k/mol _ ~ C
€ | > 2 - 590degC-100N | - Q16 o
g 16 100 B 506} 600degC-TON © e
§ PN g o= 3 14 y
1 - s Zoos
218" 50 = 3 12 6
k-] 1} ’ e
| it oo
-2 0 -2
- displacement| #m] ‘ 08 L . . . . . . J
load(N] 1.4 114115 116 117 Lﬂs e 12 121
22} 8 75 -7 85 6 55 -5 -45 -4 /107K -

| e ;
200 400 600 800 1000 1200 x10

) LN(true strain rate[1/s])
time[s]

(a) Creep test original data (b)log plot data (c¢)Arrhenius plot
Creep test results for L-BSL7
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Friction coefficient measurement by ring-
compressmn method

mold 1
sample h, -- $h ~
(a)before press (c)low friction —
@ I
d d i
h -
- ¢ . @D : Glass press molding
_ machine (Takeuchi
(b)no friction (d) high friction (cJu=03 (c)u=1.0 Mfg. Ltd.)
Principle of ring-compression test Ring-compression simulation by V-Glace g L.

Friction coefficient can be estimated from compression ratio (h/h,) and shrink rate (d/d,)

Friction coefficient is
estimated to be 1

The simulation is based on
soda-lime glass, so actual
glass material parameter
must be used.

—o— p=0 —o— u=0.1
—o— U=0.3 3 9= p=1.0
—e— experimental result (L-BSL7)

internal diameter shrink rate(%)

compression ratio (%)
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Veritying simulation precision

« Constant velocity press experiments were conducted for three different glasses (OHARA

L-BSL7, L-BAL42, L-TIM28) and compared with simulation results

» Press force magnitudes are almost same for three types of glass material, but speed of
press force decreases are not consistent. (Simulations are much slower)

« The reason may be due to gravity force that affect glass, mold and shaft in experiment,
which is not considered in the simulation. In addition there is a play in the rotary joint

beneath the load cell.

« Other precision verification such as profile accuracy, preform shape effect, shift of
preform position etc are still in progress.
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ESTIMATION OF THE RELAXATION MODULUS

EEREE(X. BRUFRNTH T XY
V7N AE—TFEEITMEL DD,
ZTDENMZERIRT D& WD) KB,

BT ATRKOHDBIZH, YT
Temperature Controler U)%}Jﬁﬂgé LO’Eé @%{Q%L(t) t

( B

;:: \\ o [ L/ T\
st Computer L t
i e(t) = ln(—)
Lo

== N
\k““ IR, BISHERDD1-0.
A\N b S %

| / Electric Furmace

Test Piece——

Displacement  LLTITTR
Transducer

Figure 1 Schematic of the creep test, A(t) — AO L((t)-) — Aae
M.Arai, Y.Kato and T.Kodera, “Characterization of the Thermo-Viscoelastic Property
of Glass and Numerical Simulation of the Press Molding of Glass Lens”, J. Thermal -
Stress, 32,1235-1255, (2009) T jz &H T TE}EH L TWL %) )
Table 2 Test conditions of the creep tests o , _ .
Yo7 NLVERDRFHILE

Glass type BK-7 TaF-3 NN

_ WD 7Zh, E X (£10mm
Testing temperature [°C] 570 580, 590, ..., 620 630, 640, ..., 670 670, 680,..., 720 -
Test piece diameter [mm] 6 10 12 10 t 12mm 7& %*}EH L TW z)

-
EEN
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Experimental result

5 |: ¥ T T T T .|,- i T T T .’- T
! :. !} /"‘,' o’ ,ar".’
R ’/" | . P i
,E., 4 l: ‘. ‘/- E "‘. ""/
E i g £ N
g 3pu ! - : = . 1
2 |l d 2 RS —-—-- 620[C]
s ¥} g g o 630[C] |
e T —-r= 690[C] 7 | ===+ 640[C]
2 T ——-= 700[C] 2 WSS 650[C]
s e 710[C] | —— 660[C] 1
1 —-—--720[TC] ———- 670[C]
0 I" 1 1 1 i 1 1 L 1 1 1 1 1 L
0 2000 4000 6000 8000 2000 4000 6000
Time [Sec.] Time [Sec.]

Figure 2 History of displacement for the creep test of TaF-3. Figure 3 History of displacement for the creep test of BK-7.

Table 1 Specifications of glass specimens

BK-7 TaF-3
Glass transition temp. [°C] 572 680
Density [kg/m?] 2510 4650
Young's modulus [GPa] 79.9 124.8
Poisson’s ratio [GPa] 0.209 0.298

BEICIG L7 ) —7HENEoN S, AERHITEERY (~ 2 KH)
YU TINEZTDOFESCHWETERL TWS L D7,
ﬁgﬁﬂu\ﬁ?x%%ﬁ~@ﬁ$@@%ﬁﬂ§4—5§¢6mmofu%o
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Maxwell model T D UT{Ll

o ANSYSEDHREREIERT A7-5H. Maxwell
model T DMl % FE i,

« 3R F TDMaxwell modellZ & % Shear Relaxation GIL G’/L % i
modulusid. M2 S
== = s
« G(t) =33 ,G; exp( >+G (18) ] =
e e il
. &%bbéﬂéo COREFTIFEDGTT 1 v
FAVILT, K5 A—RERDBTND, i

e GOIX. BRRIEMESR GEBICEVWEHETERS \
B - DEMERK) T

G0=G1+G2+G3+Geoe

Figure 13 Maxwell model for the relaxation modulus

Table 4 Coefficients of the Maxwell model for BK-7 and

TaF-3
Coefficient [GPa] G, G, G, Table 5 Coefficients of Maxwell model
BK-7 16.356 15.356 0.0412 Coefficient Gy [GPa] G, [MPa]
TaF-3 11.897 35.691 0.4807
Relaxation time [s] 2 A A BK-7 33.04 0.201
BK-7 37.0 38.0 43.0 TaF-3 43.07 0.201
TaF-3 1.21 1.22 1.29
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Dynamic Mechanical Analysis

MEHCEBIM A ZEN () 252 T. DY
VIR BREANDTE

o = oy sin(tw + 9§)

L-BSL7414
€ = €p sin(tw) Tg:498°C (H 7 R&H &)
At:549°C (JEPR =)
TR R sP:630°C (/1L &)
 o(t) =Ee(t) HE | DMS6100 D48

SE AR M R
. d@=K§ o

ERRICIEIN S OFREIZHR S,

L-BSL7  1p,

7-7-L. DMAETH H 7 XHEHL
LTLED &V IROBERKE
IZERETEHZWL i

FEHHEART B (12 K B L-BSL7 DA E #E
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Iﬁ/ﬂ]l)v ~ 7 /g\ +//\J7I7_>\£ (%)

c Ty TIINDY Y T REFRE S
o g cowafer
WCRIE L 7= : j%
v = A+2u 3 _E
g P F8
U Gate
VT - P CRT Fuiser and
receiver
A T XDER R pBE ol TV
v VL BORDOEE, VT mﬁwﬁﬁ
MR SRR OEREAHETTEAWE Y S _‘%‘_7& Fig.1 Schematic diagram of the instrument
KRHD & IFTx +_ H5 Z B L - RE T 5 : Specimen, B : Buffer rod, T : Transducer,

< C F : Furnace, TC : Thermo couple, W : Water
DRIE IS REED ? jacket, FB : Fibre,CRT : Cathode ray tube,
WN : Water supplier

Sl B, AR, BEERRCLIBRICH T2 =y TV OBUEEMDRE, HEALEZRE37(4),
(1973), p.373
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