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Abstract: Hot embossing is a promising technology for fabricating high-performance glass micro-optical
components at low-cost and in a green manner. However, the efficiency and accuracy of hot embossing are

limited by the long heating-cooling cycle time and the low uniformity of temperature distribution, respec-
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tively. Therefore, it is necessary to develop a high-temperature rapid uniform heating module to improve
the efficiency and accuracy of hot embossing. First, a heating module based on a silicon nitride ceramic
heater was designed and fabricated, and a heating test platform was constructed, enabling the real-time
monitoring of the temperature distribution of the heating module. Constant-voltage heating tests were re-
peatedly conducted to demonstrate the reproducibility of the experiments. Subsequently, a numerical sim-
ulation model was established for the heating module, and the accuracy of the finite element model was
evaluated by comparing the simulated and experimental results under the same process conditions. Numer-
ical simulation and orthogonal tests were performed to optimize the heating module and hence obtain de-
cent uniformity of the temperature distribution and a rapid heating rate. The experimental results indicate
that the optimized heating module not only had a rapid heating rate but also a uniform temperature distribu-
tion. In the constant-voltage heating tests, the heating rate of the optimized heating module is as high as
363 “C/min, and the maximum temperature difference is 10. 7 °C, which validates the feasibility of the op-
timization method. In the controlled heating test, the measured temperature curve is essentially consistent
with the set temperature curve, and the temperature fluctuation is within 0.3 °C. In particular, the tem-
perature difference in the central area of 20 mm <30 mm is approximately 2 “C. Finally, the optimized
rapid heating module and a precision temperature control system were integrated into a high-temperature
hot embossing machine, which achieved efficient hot embossing of high-quality N-BK7 glass microstruc-
ture arrays.

Key words: hot embossing; heating; uniformity of temperature; finite element simulation; orthogonal

experiment

T — R SR - RS WA S AR B AT R
BV, B i TR AR X Rl A S50 TR 2 R
VR JZ B R0 BRI X 2 P 2 B BUAS M B N B E
FOTRLEE 53 A0 B9 AR 9 5) o Nian 55 VR T — ik

1 3 =

AT B A AT B i A R el 2 A 9 R A
S B T E B B AT S G A oo F AN AE

T 7K 8 BE 5 OGS U PF Y LR 7=, DL R
AW BE A OGRS RO £ 5 A5 U Y 1
SRV AR BN Y 2o B R A BRI R B Y
BRI AR B K R RAE AR IR R A
HL ) 45 44 7 1E 52 ) 2 BORE BT TR R ED A R
HR I RS R ) i A A R T i R 0 A B R
M 5 S D 118 255 3 R A o 4 R E L R,
i R 339 53 i R B T A 2 R A A B R
) — AT A

T A R A i A 3 R B A 5 A A
BRI BB B A R ROT R A SR BT (AR 2
PR R A O AR BN R — T 22 T
Z P AT 1 R B2 A BN ROR T Ay SR A - 2R
AW A PR B A RN A RO R TR
PLLAMIMARAE s 55— T i O A S TR A B
T AR T A 1 AR TR A 4R e T R R 3 A A 2
SIME o Chen S5 A7 88 4 00 53 f) vl BARR P 33

D7 A T TP J R A L R S BT A
B EL A R, 10T AS 2 A PR L T
RO AL, TR IR 2k B I e 0 R SRR AL R
R itk R by 08 AT A0 5 | A Y 3R T IR EE AN 1 A0 Y [)
A IR T R E . Kurita S5 HE R A RH
N FR T 2O OGN Bk 3 v PR 32 RIDRE 3
TETCE AR b O OF o Bl 3 AR R G B A
b AR ST A . BN E R TR AL N
R GE BTk F A I A B I AR
A HEAT B A b ORI AROR o BRR TR
T — RO A AR R G AT o R R i A B
AT, Ak BH A v BEL I PASE L P AR 52 B0 S L R
PR P MR . Chen 28] FH &R i #4218 A
DA 1] SR AR A EL I R T £1 A0 A8 in s B4
FTm, A m ARy 2 ] S G AR L g PR P [
IR, I iR R R B A A i B A SRR
SRR T — P B AT e J2 A 0 A B 3 5



% 15 1]

BN T B AT A il R A i B R 1 o i R R 2205

S8 T AROR 14 e 2 R RL R P A i 1 4%
TR R 0 AR B SR TR 5, Li ST A
EL I B R e 187 A S SRS 0 AR BRI HE AT B )i
Sy BT, LA HL 0 AR T A RS RN O AR TS
B, BT T 0 A ] RS L 3% T IR 22 O Ao B 48
N = a | 2  Tve AL S I Y ot U L S | P2
BT T S B A o X B SR
AT A SR B LT WF 58 () B 28 X A L
TR i % 1T Y T R R I R X A M Y R ), ke B AR
JI 2% T U BRI BE o3 A B S MR — R R OE R
AW 5T B TE & T 5T AR RE P i A Y
PR PR e, LS5 R T B, H AR R EE AT 3R
800 °C, i #43# 2 Jy 300 °C/min.

R T AE DR R I AGH R [ 2D
RS B i 2R 18U BE A3 AT 34 S0P AR SC ] i
o Yl PR 35 5 i AT I B i AL £
SRJE LA ] 1225 26 (9 A R T 0 L 485 S A
S0 238 SRR 5 IE () LAY (0 A . A UL SR A
B R R E 3SR vk i AT 2 I 2 K4 A, S
R B T B A e 10 2 A S R AR AL AR T A
PERE

2.1 FAREME MR M EE K

AR SCTF R I AR B 1) & $OT 14F AR E P
oM R o A ARE B A R 2 DL AUk P B
Sy S AR B 22 Oy R R R A 22 38 AR AL RE S A
H3E A IR LS T2 R — R, T 2R B 0
T KRR L . Sy T S S i AR e i 15
TH i 8 KAk, 7 % & JA TR AR B 1 i 24 g
P00 . H P 1 Ca) w] 0, B % m 4 3 R i A4
B v T DX 2 A 6 R R e, SO X A7
P4 6 AR S D1~D6. I 1(b) /i iy 52
5 255 T B A R ) 2 T I R AT I o B A
HLfH) MRS 30 2 0 = Bk R O [ e TR R R
FEUET o K P 2 AT DA D R R R B
T AR A5 T A ) 30 ) e

S b B v, X B N A R N A e 220 V
749 L I FEL oA 0 3 JE 5 R AR 5 3 B 1 e
EREE L &l 2 it hn 220 VOHL R IR A R
& R FE A R A ARt Ze . HD AUD27E 150 s
AT IR ERE IR F) 1 000 °C, i #4u Spg b, i 2

K type thermocouple

Ceramic
heating plate

Mica plate

(a) FEEEINEA Fr 188 LA

(a) Si;N, ceramic heater at heating state

Ceramic
heating plate

Mica plate
// ,

74 mm

A
\ 4

(b) SEBME A
(b) Measuring points of temperature
LT Bl 3 T IR ) 4
Fig.1 Measurement setup for surface temperature of ce-

ramic heater

1200
— Dl ...D4
1000F --- D2 -~ D5 e e
D3 D6 .= Tee T e
-, ’./‘
s -7 PR e
o 7/ .- _ -
a2 /7 " ~° .- B
g 600 A PP
g P g e
5 / 7P g
= > ot

400_ / ,'/'
o oz

200

30 60 90 120 150 180
tls

2 BRI b % 5 I [ £ 72 Al it 22
Fig.2 Temperature histories of various points on surface

of ceramic heater

T A B ) PR i AT SR . R BB A R R
T A4 R 22 8K, HR RS D2, D3, D4 [ A i A
P, % 8 D1, D5, D6 I I # ek R 5542, B i #4
X 3 32 AR v AR R X, 7R AR BN, AN 385
14 Tk B 43 A 23 (o LR T A 7 AR AR AR L . BRI



2206 P

K TR

31 %

5 0 WA 2T R
AT 5T T 3 % A SOH 4 7
A 2 A o ] 9 3 B A D A T 7
5 A A % (T R 4 T L
By 5

o

. . ‘ Ceramic heating plate

. ; Copper even-heat block

Mica insulation block

B3 s e (g JL Ao A5 2

Fig. 3 Geometric model of heating module

2.2 XWERE

il 4 FiroR 5250 2 H RO B R
JE A S B A OB . i BB B 4 R SF S 60
mm X 60 mm X 10 mm A 24 &) #u e o S) b p
] FF 5 A X R 9 2 4 07 T Al 0 ok i E R AL E R
B R (W 5(a)) . ) FHR 18 1 B e b1
B = BE L IR R A HR] ) — & HIOKI
LR8450 Fi 45 2R F 10N £ AR K A 24 1 St i S
PR RS S

Regulated
power supply

Copper even-heat K type
Glove box block

Ceramic
thermocouple heating plate

2/ ——
(b) hnFAdE LR
(b) Heating module

(a) FE4E
(a) Glove box

F4 FACRERY B S g B

Fig.4 Experimental devices of Si;N, ceramic heater

W KOS B H A A A ) B N i R AL AT R
JE R AR S ) A b R iy BE O
1.5 mme AR R {9 222 25 (0 AN ] 5 R, il

M P12 P12 SRR E . Ko B E B —A4 1R
FEAL AR, HE 08 S I S A P e 3 T R Y 1
A1k

5 mm

10 mm

(2) MFATTAR 5 S ASRA AT L B

(a) Relative position between heating element and evenheat block

T

P2
o B ———=——
|
P4 P12
g
—sp P5 P.EM E g
28
P6 P10 L
e ——
P8
m P7 P9 g
: g
l =
I 10 mm,
| 30 mm 15 mm
60 mm
(b) P1ZEP12iME A 5 A

(b) Temperature distribution of measuring points from P1 to P12

K5 ByHhaify
Fig.5 Structure of even-heat block

2.3 mmEMEBERITESFT

95 By A R 3E H R R 3E A B
WO 22 A e Q, IVEL VT AR ) A M B
T R A I AZ . TR & AR R KA
SrEILSSMRANREIEL M, HAEESR)Z,
Wi 2 Jn AR R 7 A Y B — 8 3l ) A AR
1 T8 A% 38 45 &) I, — 30 40 o 28 RAR 45
SYIER, O — 3 38 i R A R S S IR iR
A 43 H 23 A2 e O T R RE T OF
H I P ik DL#Os it 5 3R S i O 285 JF
Rl B B o AT $A s 4, B A% Bt 7R 6
PR o



% 15 1]

TGN T B A DR el R 2 A i B B i il i K A 2207

00, Even-heat block

Air layer
Ceramic heating plate

Mica plate

FE6 AR B B AL A R o At

Fig. 6 Analysis of heat transfer in heating stage

AR AR A 32 3o R 1Y B o S R E AR G R

Hh ) R A 338 T3R8
Q=Q.+tQ+Q+tQ+Q, (1)

A Qo W e P A P 5 Qo AT
W B R 5 Q. Q43 ) Ay 0 44 e 36 T A J FH] R
5530 3o R AR S 5 e 1 B 5 Qo ) P B
[ 2 BE A2 336 19 P 5 Q2 A A7 6 B TE A 1 94 119

g W 5T P A T ol T 4% PR 22 0 48 % 1) 5
W], BB ARSI o 35 AT BB 5 ) 4 YL FEE A OF- 24
LBE R T ALJG 5 BB 1 S B B Ry T2

Qh:ip,m, (2)
Qu=—cupuVau(Ti— T1). (3)
QizhmAmf(T;— T2)dt, (4)

0

t

Qr:smA,,,aJ((Tni)4—(T5)4>dz, (5)

Ko PR B A R 7R S [ 5 2 i 7 T R
A2 B H R DA R 0 B R S I EE A s (]
Cons Oms Vi 50 5 Ry 5T RHE 1) LU IAES 35 3 R
s A 53 90 5 3B A 2T 5 A8 AR O &R
BOREE il 10 FR 5 T2, T2 43 ) A I B 46 o i &) $ e
A3 1H I B B A BE IR s e, 0 40 0 D 5 Bk
V14 2 555 S5 R 0 R vl - B O 2% 2 B
MR 1R, A X (2) ~(5)15
AT=T:—T)=

ﬁjpim— hmAmjl(T,i— T)di—Q,—Q.— Q;
i=1 ‘0

PV
(6)
1 2 C6) AT T, Sy 1 e bR S T PR Bl g o B4
A AL E K P SO s ons Vi, QL Q1

Q., QORI . T Py & A IT A% B 1) RS
TE o Cos0m e STIVE W) S5, VAR S
POMRFR . BRG, FE AH R] A0 A QR L EE R IG
Fb B2 1 A 5 JA e I 08/ AT SRR R T
RETE o o IS A T B8 N T, KOs Qi
Q. KR 5 R AR T =B A $ b itk 47 B 4
SR AT AN Q. Qo B B ) 2 B B A R AR
A7 I Uk /D QS b gl 2 S B B I A R
5oy e 2 1] B () TR i RS BN S A
Wi 25 in AR R 22 8] 19 22 26 ) B O ok 3 2R T Y 4 ik
RE. QL Q. Q. QX T Q,fl Q,
ANV T AR ) ) X AR L 3R AR AR A B ) L
AN HES IR RE AT A T BN A —
FERTEOT Py s s hos Ay, Ty T e N
A C6) BT HIAE A R A ] P 8 42 35 44 e A
TV, B8 i 35 52 ) il PSR 1) i R0
2.4 I IEIT

N T EERANAAREE T A LR ETFE
RN BEAT o ARWESE BEATIE ML N AR SE G < D
220V HL X fin #AOBE B i B4, 45 a5 3 BE A R AY
ICSk, RAEMBE R 1 s, RS R 3, BULF
BIEAE N i 85 5
2.5 ZWHERESW

SR S0 TIE S 56 1 B AT M LA 5 IR LG b PS
T SR 300 s B IR TR 2, 0 7 fir o . 5 Ik SE
5 R T i A — 8, e B AR A
k.

1000
Power on
——  Experiment 1
800 I ----  Experiment 2
% ------- Experiment 3
g 600 1 i Experiment 4
g s - Experiment 5
E’ 400
200 |
Power off
i : ; !
300 600 900 1200
t/s

7 I 5 R SRR
Fig. 7 Verification of repeatability of temperature mea-

surement



2208 b=

K TR

31 %

7 BT, A HAET 180 s ¥R T R AR B, ik
TE I # 180 s B A7 B B 1y 2% 1h0 Ui B AT BF Y
P18 Sk 1E F i A% 180 s 52 56 rhv A7 FR B Il ik 551 1)
L. 7E1EE 220 VHLE R, I0#4 180 s B 2)
P B iy 2% T T AT A 840 CLH & SR £ N

1 000
—— PI P7
Power on . e P2 — P8
800 F ,/»\\ 2 P3 P9
O 7 3
g 7 N P4 P10
E / . P5 P11
5 GOOT 0 P6 ---— P12
£ /
E /
400/
//
/
2001 /
/ Power off
/
0 1 1
200 400 600

t/s

B8 PLZE P12 AUH AL I 180 s Ay i TH i 2%
Fig. 8 Temperature histories of measurement points from

P1 to P12 in 180-second constant voltage heating

14.5°C, IR 25, e 75 B X A # e i 2% 1 R
WA

3 BEY o0 R 5T

A K ) ANSYS Workbench #4345 481 B
TR RS e i) A AT G R L A BR Ty LA
1) B ik T it £ 55 S 50 v R [ AL Y I T i 2k
FTXE LY, S0 TIE (7 FCASE A fg B 1
3.1 BRTOHER

Pl 3 Sy bl B im A A5 e 1% 2 48 43 BT 119 T ] A5
B, SRy T g b A BT 0BG R Y TR A, ) A
HEAT IR B 7 Ak 5 B i

(LB 7 Wi 28 T A8 86 I 1) o 0 4 50 A B
T, BPAS T 30451 2K

(2) 72w 5) $A e 55 B 8 44 22 [R) 1) 28 %€
[) B 5

(3) 118 35 i AR A5 B vl ) b ek hy 45 1) ] , L
SR S 2 1R

(4) 25 JE 2l i 5] e i) T 40 R 50 L A2 B

test TR R W AR (IR 9)
R1 MRAERE MR RS
Tab.1 Thermophysical parameters of each material of heating module
%o e wHE/ (kgem *) R/ (kg C Y LR RE/ (Wem C )
B e R R ke R 22 ] 19 350 134 179
P % R R e A A AL 3200 710 20
AR | 89201 — —
el P =hf 2 800 206 0.43
B E ALY 57 000 850 2

3.2 HRTMEX 5

TEA BRI At v, K] 53 I A 1) 235 4) g 5 72
JE B HE 5 e 3 15 4 R ARG BE DAL O A A )
A0 43 00 o ok B R A Y A B Y 3R TR
JE W 7S TR A% IR S P 3R 1 K B B
TR R (R A% AT A Ak (DL IR 10) .
3.3 YVIRELREZHHNWE

A7 PR Y] G IR BE RN 25 RO 1 A T SE bR B
Bik BE L O 25 °Co M S 56 I i i B 2l AR R
i, B BB I D FE 0 900 W &R

o4l H 57 A He i xR AR R R B0 2~25
W/ (m?=°C) Z 8] A5 B0RE X U A% A R B0 h
15 W/(m*+°C) . 7515 B AR 5 S 80, 2% i 3 4
e i T 2 Ak UL R 1558 0.8,

FEROW RO I 5 i e 55 0 2 m 44 5 1 26
T 2 il A K AE A — S B RO AR b X R 5
S BU 4 i 2 B BOA TGS S AE AL . B
T B2 ik A4 BHL A #5068 AE 1< 10 T8 1X10°°
(m*=°C) /W AR YRS v A $ e 5 B e in 4
FZ R e fil Ry, OF R A — 2R il iR 22,



% 15 1]

TGN T B A DR el R 2 A i B B i il i K A 2209

Bt LA ST A% 0 R RO /ME, A 2 000 W/m?P il
P 25 F2 4 22 18] R FH 46 5 2 i, 4% #4007 28R 34

3801
3601
340

320F

300f \

N
280

Thermal conductivity/(W-m>K™")

0 200 400 600 800 1000
Temperature/K

(a) FEAREL
(a) Thermal conductivity

450

440 - 2
430 |
40|

410 1

400 | //.

[ Tl
390 -
e

—
380 L

0 200 400 600 800 1000
Temperature/K
(b) LEIAE

(b) Specific heat capacity

P

Specific heat capacity/(J-kg'-K™")

(I TIEORAR /RS 2 ¢
Fig.9 Thermophysical properties of copper

10 i B B ) 199 4% S 2
Fig. 10 Mesh of heating module

o o HE ST AR R B AR R 0 AR E] R
180 s, 1 4 [ s 1 it 485 2, 2 — 25 19 i 4 i 1]
M 10 s,
3.4 HELERSH

B11 R &) A B e 1H 2 220 VLR R i #4
180 s Ji7 () 2R I B2 43 A, o7 LLE 51 e a)
BRI E & Th% M EMRmEERE, X
SR R W A Ak i B 0 A R [R] R g 46 i A 34
A% 3 P i, S0A) $ e op ) 47 ARG TR, B R
BEH o Oy — 7, AT AR T 5 A ORI e
O, FE A ARG, I 2 B Y 3R T R
BAR .

Temperature/°C

853.88
852.11
850.34
848.57
846.80
845.03
843.26
841.49
839.72
837.95

BITL i RN 180 s i ) B b ) 3% 1 i 52 3 A1
Fig. 11 Temperature distribution on upper surface of
even-heat block under constant-voltage heating
for 180 s

3.5 FEBIIGHE

K12 %0 b 1 A3 B AE 8 o TR I #5258 5 0y
PP R T I EI E AR S, (HE
Wb n AR B B, 1 B 45 R 5 S 56 H00E RS A e 25
B FAE P (1) 5] e 1 THE i 24 H A i
P PR AT EE 3 3 I 50 I 5 (2) P
P 55 5] P AU T A AR R BE 52 ) B A 5
SR Z ] B B L 3, S B I AR N T R
S Bl IR EE ORI B AR R i
RoEAR , &) P T IR T3 T [ D B e i g
O R AR ST B N AR R R A A
By Az R B v /0N ST ) B, T LA ) B
Tk B W R O TR . FR B IR R g —



2210 b=

K TR

31 %

AT R ST R AL 3 B B PR B AR T
T, S5 6 ) i R AR Ty ELfE

1000

Ending stage
800 »
&
D .
2 600 Intermediate stage
oy
£
()
& 400f Experiment
---- Simulation
200
Initial stage
0 . L .

30 60 90 120 150 180
t/s

P12 (5 205 1 e T A S 56 45 2R X L
Fig. 12 Comparison of simulation and constant-voltage

heating experimental results

HAE L R B 180 s JiF A7 FA B A% T L A 1 TR
JEE B R AT B T O L 25 SR AT X L, a0 &1 13 7
TN K BAT PR TR UL B R i R S 853. 88 °C L Hi
IR B2 SRy 837.95 °C, V- ¥l B2 ol 847. 84 °C, iy 52
95 B TR R 847. 2 °C we IR IR FE R 832. 7 °C L, F
P BE Ry 840. 78 °Co X T AH 1IN ik A5, A B IT A
BLZ5 IR 5 S0 W A5 R L AR T, M 22 A
7.06 °C, DT E— 25 B UE T A BRI 07 AR Y 11 o
g

880
—=— Experiment
—eo— Simulation
860
o i . P
?_{ o e gl g e W e
2 L
I
E 40 L W1 \/-
g
[P
=
820 |
800

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10P11PI2
Temperature measuring point
P13 nFA 180 s i iy EL 5 SE 46 45 54T L
Fig. 13 Comparison of simulation and experimental re-

sults when heating for 180 s

4 Akt

HF AR S AT, A PR R T 1) AR 25 A
14.5°C, PRI 5 005 & PB4 2 T80 IR B2 3 A kAT
etl . maX(6) K SCmk s ar" nr i, nr a8 i flom 4
T i R R L B Bl n AR R 1 28 B X R
B R K T e AT AT B PR R i Bk
S
4.1 KBWEAXRSMLB

Bl 14 4 oo R o B . RS A 5
JE W W B AR R TR X AT R D i A
5 A EhE b 3R BE B HAE A 1E 383 K Y K S
W&, GAHEEEZESDKPE, FIHL25(5°) 1E
LRBTIE IR (L% 2).

» W »
H A
I‘ X 'I
! : : =
8 IR N | 1 N N— Y o
1 <t 1 1
i i :
17 mm 1
. |
B 14 BRI & X
Fig. 14 Geometric meaning of factors
F2 BEZRKER
Tab.2 Factors and their levels (mm)
KRR w X D H
1 50 22 10
2 55 24 10.5 6
3 60 26 11 7
4 65 28 11.5 8
5 70 30 12 9

AHe o RAAE B = T [ ol 4 BT BN A, AN
AT AR B B P 3 TR E 9 1 A S AR F B
oAy DRAIE A AR B 003 ™ i S i A R
PR R A R ST o SR R 2 A% A
S3 AT BDUIE H R I AR 180 s J& 57 #iv e 1 2% 18 I
JEE SR B AR I AR R R e R R S
TR AR IR B 22 28 R il i IR R 8 2 1k o iR A5 R
IR



5 15 1 E R T AT ED ) % b S IR 2 O A 2211
xI3 EXHEHER
Tab.3 Orthogonal test results

S W /mm X/ D/ H/ L W2 | w/ X/ D/ H/ WA 2

e mm mm mm /C /°C %5 mm mm mm mm /°C /C
1 50 22 10 5 944.39 16.57 14 60 28 10 6 847.57 13.20
2 50 24 10.5 6 924.56 11.49 15 60 30 10.5 7 826.85 9.14
3 50 26 11 7 904.80  7.85 16 65 22 11.5 9 746.37 17.54
4 50 28 11.5 8 885.36  5.37 17 65 24 12 5 729.85 20.72
5 50 30 12 9 865.78  4.12 18 65 26 10 6 805.53 19.15
6 55 22 10.5 7 873.82 16.65 19 65 28 10.5 7 784.69 14.44
7 55 24 11 8 853.57 12.67 | 20 65 30 11 8 764.19 10.64
8 55 26 11.5 9 835.03 8.85 | 21 70 22 12 6 690.52 22.66
9 55 28 12 5 818.45 10.89 22 70 24 10 7 765.66 24.78
10 55 30 10 6 893.22 7.95| 23 70 26 10.5 8 746.13 19.06
11 60 22 11 8 807.20 17.67 24 70 28 11 9 717.05 17.20
12 60 24 11.5 9 788.77 13.10 | 25 70 30 11.5 5 708.96 17.76
13 60 26 12 5 771.25 20.32
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X 812.460 812.482 812.548 804.624 811.800 7.942 18.218 16.552 15.046 12.220 9.922 8.296
D 851.274 831.210 809.362 786.898 775.170 76.104 16.330 14.156 13.206 12.524 15.742  3.806
H 812.386 810.490 813.000 806.366 811.672 6.634 14.052 14.900 15.236 13.798 13.972 1.438
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