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RS | AL o RE KNa0 Caomngo iﬁo Zn0 &Alzoa Si0, E;ngﬁ
X-14 A OIKERRFREHE v3vsh | 0.08 0.82 0.10 0.25 1.5 5
X-18 A, D?2|{O ~» ” 0.08 0.82 0.10 0.30 1.5 5
X-22 A, D |OBEWE » 29} 0.08 0.82 0.10 0.35 1.5 5
I-10-5 Ot FiER A 0.05 0.725 0.075 0.15 0.20 1.5 8
I-10-7 OFRBABHFRIE <sb | 0.05 0.65 0. 30 0.20 1.5 8
I-18-4 OB EHFRR £3vs1 | 0.05 0. 80 0.15 0.30 1.5 8
I-18-5 OEBFRE 117/} 0.05 0.725 0.075 0.15 0.30 1.5 8
| 1-18-7 OB ELHELR /b 0.05 0. 65 0.30 0.30 1.5 8
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1-19-2 OafRER v 0.05 0.875 0.075 0.30 2.0 | 8
1-19-7 Ot HRER v 0.05 0.65 0.30 0.30 2.0 8
I-10-5 Ottt R &N 0.10 0.675 0.075 0. 15 0.20 1.5 8
I-10-7 ORFIG R v9b | 0.10 0.6 0. 30 0.20 1.5 8
I-18-4 QFGHER 17y} 0.10 0.75 0.15 0.30 1.5 8
M-18-5 O EBLHHER 1w} 0.10 0.675 0.075 0. 15 0.30 1.5 8
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m-6-@ | D, Cr OffiA7s 7 0.08 0.52 .0.20 0.20 0.10 2.0| 2
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m-8-@ | D, Cr OfftBA7s%  ~»  0.08 0.52 0.30 0.10 0.10 2.0( 2
M-9-® | D, Cr OftmA7E  ~»  10.08 0.42 0.30 0.20 0.10 2.0| 2
) Mk & 5 P : a-VWollastonite, W : S-Wollastonite, Cr: a-Cristobalite
A : Anorthite, D :Diopside, Ce:Celusian, G : #5 X
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ICABZENDB) PERNIERICE N, £loA /3 TEBILTE T LA L BT




KAB LN H D) NERDIERICE N, TloA 23y T3 1T I35 LERF ) LBTH
ROB=fEF T EEHEHORERDEE R E LTW3, JOBEIIMESER
K—HEbATOEEENTO—FTHY . MEIEIO A ) F A MRS a s
BREEILNWPRE SN S,

AR » BERD — — —EBBTHEA LTV A /\BTEE. =HRTH—AREEZERONE
LT3, sHRBARKRS (EBRERMETIE b—FLE (R¥E, AlA. 2E2R., ¢
HREANSLBD ., AVRAREZH) TRBEHEREZFTVT, HEEEN XL
RELTVS, HEICEMAFRIIEFITEENE V.  OBEIRIZZ DR E KB LT
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o ICEAREOMRPEBALTWA S L. 20 RERAOERRD H 5 RE% R
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£2. BB -BHTS5 U rHDLOEROILFESH - SiEE

1. AbFoHriE

|

LF il (mass%)

No. ?It #I‘ Si0: |Al.0; |Fe205|Ti0:.| Cal MgO Na.0[K.0 y']?ﬁ Total |MnO on;—
1 |4 X TEMARTIEENR 63.82(15.34| 6.69(0.76| 2.41(2.3212.7212.76| 2.9| 99.72(0.27/0.17
2 ” &l THIBEE | 64. 88]17.54| 5.22/0.54| 1.22]1.34/1.93/2. 87| 4.4] 99.94/0.15/0. 10
3 | Z AR LEIhIE T 57.58(18.74] 6.54|0.64] 2.57/2.12|1.79|4.12| 5.9|100.00/0.11]0. 16
4 7 AN TR A 66.68(14.93] 4.75/0.54] 2.14|1.47]{2.54(3.52| 3.6[100. 17/0. (]8]0. 14
5 | bEIBEIEEE TSR (61.97|16.83| 6.37/0.68( 2.02/1.78/2.29/3.70| 4.4/100.04/0. 18[{}. 19
6 ” B AM 67, 4815.55] 4.93(0.59] 0.87 1.4152. 58/3.55| 3.1/100.06/0.12)0. 16
T | YSRGS A [62.00]15. 01| 6.35(0.69 3.37 1.98%5. 33/3.40| 4.3 99.43]0.15/0.15
8 ” BEile 55.32|15.87| 7.03/0.76| 2.71{2.14|1.87{2.97(10.7| 99. 370. 18_(];_1_5_,
9 |FER LRI T 58.73(20.49| 5.88/0.64| 0.60(1.55(2.17/3.55| 6.0| 99.610.10(0.09|
10 | AEREEZEBENR 63.26/17.64| 5.82/0.65| 0.94/1.47/2.27|3.34| 3.9| 99.29/0.19(0.15
11 |2y E TR |67.38/15.96] 4.10/0.52| 1.46/1.08|1.80(3.28| 4.2| 99.78/0.10|0.09
12 | PARRBEE B K T BEe 64.31[15.45| 6.64/0.76] 1.93]2.17(2.63|2.43| 3.3] 99.62|0.16/0. 17
13 | =Xy 7 APzt T  [61.7115.90( 5.18(0.70| 3.45/1.80(2.53(3.20( 5.0| 99.47/0.08|0.12
14 | /\IE 2B 52.46(16.3711.80{1.46| 4.65(3.84|2.08|2.44| 4.3 99.4010. 18/0. 33
15 7 BETEWAOERS  159.70113.70) 9.5111.40] 5.94/3.01(2.18/2.33 1.4] 99.17/0.17/0.59
16 | HiO#H — 200" 77 MEEEY) | 71.32]13.31| 3.34/0.40| 1.86/1.60/2.97)3.19] 2.2]100.19/0.060. 08,
17 | OMAKRAR 4.17) 0.25| 0.02] tr.|51.59(2.38| tr.|0.01(42.1|100.52| tr.|0.13
18 | A dtRbFIECE L T4 64.07{16.50| 5.13/0.57| 1.55/1.26/1.91/3.721 4.9| 99.61/0.11/0.09
19 | BRTATERER 68.25/16.35] 4.47]0.52) 0.26{1.06/1.50|2.47| 4.8] 99.68]0. 10 0.11]
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3 |44+ +14 ]+ 1 S Ka: 240 88, Ad: 777" v (PHER),

4 [+ [+ |+ (4] 4 S Am: B PO, SmeAXI94E, G247 7 #4F, D: M ovd b
5 44444 [+ | 4 [+4] 4 S FHEFEREITE D, H1: B0, HPDE L,

6 [+++/4+ [+ | + |+ | 4+ S IR, BRI TE T
T [++4]4+ 4|+ S
8 [++4]+4 o[+t S | EEE
9 |44 |4+ |4 ] 4 3 + W S HAERXEPEROBE. RBE

10 (444 |+ | + |4 S Y o IPF], R :BERDRI, Lo AKE

11 (4444 |44 4+ [+ | 4 Y, S| G: kg (ZZTiRMVE

12 [++[+4 [+ ¢ [H] ] t R | W:HAERDE - REOHERLY

13 [++4[44 R S

14 |+++ H| 4 |44 G |Takalbta T TBER) LReod s boid. §

15 |+++ [+ 44 G | ~TT74NE—TFLRTHUKkr —F O THEH

16 [+H+[+HH[ 4+ + [+ | 4 S |2N5bDTH%,

17 | 4 44 +1 L
18 [+44(+4 [+ | + + S
19 [+44]+4 [34] + |4 1 + Y
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No. Y *t sk | AT ¥ HE (10000 |1050C|1075¢]1100¢C|{1125¢C(1150¢
1 |4 TEMARKLTERER 300 A [25.61 [21.29/16.90/12.62| 3.72| Ov.F
2 " il T BER 280 O 22.08 19.10117.27(14.14| 9.57| 3.94
3 | ZERMRBRLBBILTY 350 © [14.99 | 7.04] 0.32| 0.19( 0.46| Ov.F
4 7o fUNT TR REST AR 290 O [23.37 [21.75|14.83] 0.36| 0.17| Ov.F
5 |[FEBEEERLIERER 300 O 117.99 |11.60| 3.87| 0.30| 0.35| Ov.F
6 ” BRI AN 250 O |17.47 |13.14| 9.86| 0.70, 0.47| Ov.F
T | HEMEBHI AN 250 A 125.03 [22.75(20.02(113.51/11.45| Ov.F
8 ” B e 250 O 119.79 [16.52(12.26| 6.36| 5.82| Ov.F
9 |EMBEZLBMBILTY 380 © 15.94 | 4.01| 0.30] 0.17}) 0.16] 0.10
10 | ASEEREIR 300 O 22.92 [17.54(10.26| 4.45| 3.26| Ov.F
11 [Eilhaviy )R B THBER 300 A 21.26 |17.79|14.66| 8.59| 5.41| 0.66
12 |[MAREESALTSHER 350 |[O~©[25.30 [19.92(12.91| 4.84| 0.26| Ov.F
18 =y 7 Akt T [300 A 125.73 [24.68(20.09/14.35| 4.14| Ov.F
14 | \WELTERER 350 |A~x{30.07 |27.26(23.35(17.24/10.82| 0.74
15 ” [y Y ¢ - - - - - - - -
16 O —z#7 57 M EEY 200 X | FHERE [20.15] - [15.43| 8.20| Ov.F
17 |[HOMAKRE® - - - - - - - -
18 |(fdbb Al LWL TY 300 |O~©|18.53 [14.07| 7.91| 3.54| 8.58| Ov.F
19 |[BEXRELATERER 330 O [26.55 [20.40[16.42(12.34| 8.98| 5.38
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No. [1000C [1050C|1075C|1100C|{1125C|(1150C (50%FE (AI /K& : 8 0 LB OB, FEH
1 0.7 | 2.4 | 5.4 | 7.3 7.0 1.8 [17.154 1 kgic HE R KE (cc) o
2 4.8 | 5.8 | 6.6 | 7.5 [10.1 [11.8 |21.91 |°J®# : XL, APPZ LWL
3 9.4 (12.4 [15.2 |15.6 | 9.6 | 5.4 | 4.88 Onizh R, ORI
4 1.9 | 2.6 | 6.4 [11.7 [10.3 | 7.9 |12.30 |W/KR : 0v.F:- ZLICHPEIKRET
5 3.9 | 6.6 [10.7 [12.0 | 9.8 | 1.0 | 7.54 AN SIRICREA, BE
6 2.2 | 4.0 | 6.4 | 8.1 | 6.0 | 2.4 |24.42 LT3R,
71 -0.4 1.1 2.1 4.7 ] 50 [-0.8 [16.21 |[2WHER : KFETHLUIERRAE
8 4.8 | 6.8 | 8.7 | 9.1 | 5.3 | 0.8 [10.22 THRARZ7-3T (ZORE
9 | 10.8 [16.9 [18.9 [17.9 [17.8 [17.8 [10.50 HETRBESET 5, )
10 2.7 [ 5.1 ] 9.6 |10.9 | 4.8 | 2.6 [11.10
11 2.7 | 4.5 [ 5.9 | 9.0 [10.3 | 9.7 |24.95
12 2.5 | 4.9 | 8.5 [12.2 [13.3 [13.4 |17.39
13 1.1 | 0.8 | 5.8 | 5.4 |80 | 2.1 (30.68
14 2.9 | 3.8 | 5.1 | 8.1 |10.8 [13.8 [122.77
15 - - - - - |51.42
16 - - - - 4.0 [40.48
17 - - - - - 126.32
18 4.1 | 6.6 | 9.0 [11.4 | 3.6 1.1 |11.08
19 2.1 | 5.4 | 7.4 | 8.9 [10.4 [12.2 |12.75
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BERKIEE C1 C2 C3 C4 C5 C6 C7 C8 C9 Clo
1100°C  [11.90 9.77 9.69 12.76 12.55 10.83 10.63 13.10 11.59 9.61
1125 8.54 T7.61 6.08 9.03 10.25 7.71 7.79 11.13 10.05 8.30
1150 4.00 0.48 0.35 3.86 3.39 0.62 0.76 4.23 1.32 3.48
1175 0.35 0.30 0.09 0.85 0.87 0.18 0.38 1.08 1.00 0.80
1200 0.12 0.08 0.07 0.07 0.10 0.08 0.10 0.59 0.43 0.28
1225 0.21 0.33 0.26 0.33 0.32 0.79 1.02 2.81 7.16 4.63
R (%)
® M F 5
HekiEEEl C1 C2 C3 C4 C5 C6 C7 €8 C9 CI10
1100°C 8.9 9.3 10.6 80 80 85 83 6.4 T4 9.2
1125 10.2 11.6 12.7 9.8 8.9 10.4 10.4 7.6 8.7 10.3
1150 1.8 12.9 14.1 1.7 11.5 11.8 11.6 10.1 11.0 12.1
1175 129 13.5 14,3 12.7 11.9 12.4 12.6 11.3 11.4 12.4
1200 13.2 13.4 13.8 13.1 12.3 12.4 129 11.2 I1.1 125
1225 12.4 12.0 13.5 12.1 11.6 10.1 10.9 10.5 8.2 10.6
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FHhA | ~600°C| ~T00°C| ~600°C| ~T700°C| ~600°C | ~700°C
Cl |803 | 7.38 8.13 | 7.51 7.49 | 6.93
C4 |89 816 | 8171 7.93 | 8.45 | 7.74
C5 | 860 | 790 | 830 | 7.62 | 7.77 | 718
C8 [ 9.14 | 8.29 8.81 8.02 | 822 | 7.51
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HEADIKE, B A DK, HAD K B ADIK
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Development of parallel mechanism by six vertical fixed linear actuators.
rEmiEE EFES K 1B RN EE BAHE REE—T thRhEnT

Takanori MASUDA, Motovoshi FUJIWARA, Satoru MURAKAWA. Yasuharu TABATA,
Takami MASUI, Yasuo OKAMOTO, Keiichi IHAMA, Tatsuya NAKAMURA
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Abstruct: Readjusting charactaristics of existed Parallel Mechanism, we have developed one
whose six linear actuators are fixed vertical. A control calculation of this device is
easily by arranged actuators vertical. This is composed of parts which is on the market,
to make inexpensively. When we change design parameters characteristics(ex. working space,
velocity, absolution) change. The principal design parameters are lengths of connection
rods, radius of end effector., radius of imaginary base circle. In this report, it is
showed application of material handling with six freedoms and a case to be cut by milling.

key Words: Parallel Mechanism, Vertical, Invert Kinematics, Material Handring, Linear Actuater
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Kinematics and statics of parallel mechanism by six vertical fixed linear actuators.
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Takami MASUI, Yasuo OKANOTO, Keiichi THAMA, Tatsuya NAKAMURA

*ZEHEBETERNE Y -
** ZEFZEARIE
Y EZEARE (B OWFEHETLR)

Abstruct: To design parallel mechanism which is suitable for a work, it s necessa-
ry to simulate its moving space, resolution and output force. The parallel mecha-
nism by six vertical fixed linear actuators was developed. First, this report
shows its invert kinematics, differential kinematics. Then shows the method of
calculate direct kinematics and statics, gives examples of characteristics, which
are maximum speed, and resolution of end effector. And actuator load is calculated
by differential kinematics. It is compared with measured value, and rightness of
the calculate method is checked.

key words:parallel mechanism, linear actuator, invert kinematics, differential kinematics,
direct kinematics, resolution, statics
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Table 1 Velocity, resolution of end effector

center (x,v.z, a, B, v)=(0,0,200,0,0,0) edge (x,v.z, a, A, v)=(200, 0, 200, 0, 0, 0)

I
Le(mm) 600 800 1000 600 800 1000

velocity dir. X | 1492.7| 2199.3 | 2862.1 | velocity dir. X 494.6 | 1118.3 | 1594.9

(mm/s) | dir.Y | 1430.4 | 2107.5 | 2742.6 (mm/s) | dir.Y | 1219.8 | 1970.7 | 2638. 9

resolution | dir. X 0.078 | 0.114| 0.149 | resolution | dir. X

0.086 | 0.119| 0.151

(om) | dir. Y 0.042 | 0.062| 0.081 (nm) | dir.Y 0.049 | 0.067 | 0.085
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Tablel. Weight fraction in % for ten-component system

: WPPD method | Reitveld method
26=30-80deg. | Wnown
Wrouna | AW | Wiouna AW
Corundum 12.00 [12.71 0.71 |12.91 0.91
Quartz 4.00 | 3.86 |-0.14 | 5.02 1.02
Zincite 4.00 | 407 | 0.07 | 3.74 |-0.26
Rutile 10.00 | 9.77 |-0.23 |11.11 1.11
Anatase 10.00 10.40 | 0.40 |12.32 2.32
Yttria 4.00 | 405 | 0.05 | 4.13 0.13
Ceria 12.00 |11.64 |-0.36 |11.34 |[-0.66
Hematite 20.00 |19.43 |-0.57 [18.38 |[-1.62
Magnetite 16.00 |16.19 | 0.19 |14.89 |-1.11
Calcite 8.00 | 7.88 |-0.12 | 6.16 1.84
AWav.=0.28% |AWav.=1.10%
Rwp=8.25% Rwp=12.15%
- |

observed profile intensity
calculated intensity '
difference plot

Bragg reflection position
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Figl. Fitting result for three-component system.
& X #k

1) H Toraya and S.Tsusaka, J. Appl. Cryst, 28, 392-399(1995).
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