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ྗֶతฏߧঢ়ଶʹண໨ͨ͠ύϥϨϧϫΠϠϚχϐϡϨʔγϣϯ
-ୈ1ใɿϫΠϠுྗΛ੍͢ޚΔϫΠϠϦʔϧߏػͷίϯηϓτͱઃܭ-

˓٢ᖒɹࣚཧʢ೔ຊେֶʣɼԕ౻ɹԝʢ೔ຊେֶʣɼੁݪɹ༤հʢ౦޻େʣ

Parallel Wire Manipulation
Focusing on Mechanical Equilibrium

-1st Report:Concept and design of wire reel mechanism
for controlling wire tension-

˓ Shiori YOSHIZAWA (Nihon University), Mitsuru ENDO (Nihon University)

and Yusuke SUGAHARAʢTokyo Institute of Technologyʣ

Abstract : This study proposes positioning of an object passively using a parallel-wire mechanism controlling not length but
tension of each wire. By controlling tension of each wire, problems due to length-error of each wire, such as position error and
inner force, are not occured. To realize a control of tension of a wire, in this paper, a novel mechanism utilizing a counter
weight is proposed.

1. ͸͡Ίʹ

ύϥϨϧϦϯΫߏػ [1]ͷखઌʹൃੜ͢Δྗ͕େ͖͍͜

ͱ΍ɼखઌҐஔͷਫ਼౓͕͍ߴ౳ͷϝϦοτ [2]Λ͠࢒ɼ࡞

෰͢Δ΋ͷͱͯ͠ɼύࠀͱ͍͏σϝϦοτΛ͍ڱ͕ۭؒۀ

ϥϨϧϫΠϠ͕͋ߏػΔɽ͜Ε·ͰʹɼύϥϨϧϫΠϠػ

ଟ਺ͷγεςϜ΍Ԡ༻ྫ͕ఏҊ͞Ε͖ͯͨɽ͍ͨͮجʹߏ

͜͜ͰύϥϨϧϫΠϠߏػ͸ɼૢ࡞ର৅෺Λ࢛ํീํ͔Β

ϫΠϠͰ߆ଋ͢Δա߆ଋܕύϥϨϧϫΠϠߏػ [3]etc ͱૢ

ύϥϨϧϫΠϠܕਨݒਨ͢Δݒର৅෺Λෳ਺ͷϫΠϠͰ࡞

ߏػ [4] etc ʹ෼ྨ͞ΕΔɽա߆ଋܕύϥϨϧϫΠϠߏػͷ

֓೦ਤΛ Fig.1(a)ʹɼݒਨܕύϥϨϧϫΠϠߏػͷ֓೦ਤ

Λ Fig.1(b)ʹࣔ͢ɽਤதͷೱઢ͕ϑϨʔϜɼ୶ઢ͕ϫΠ

Ϡɼ࡞ૢ͕ٿର৅෺Λද͢ɽ

ैདྷɼଟ͘ͷྫڀݚ [3] etcͰ͸ɼزԿֶతʹϫΠϠͷ௕

͞Λૢ͢࡞Δ͜ͱͰૢ࡞ର৅෺ͷҐஔܾΊ੍ޚΛ͢Δɽ͜

ΕΒͷख๏Ͱ͸ɼϫΠϠ௕ͷ੍ޚͷͨΊʹϦʔϧͷճసΛ

Δ͜ͱ͕ҰൠతͰ͋ΔɽͦͷͨΊɼϦʔϧ࣠·ΘΓ͢࡞ૢ

ͷ֯౓ىʹࠩޡҼ͢Δ՝୊͕ଟ͘ଘ͢ࡏΔɽա߆ଋߏػܕ

Ͱ͸࢛ํീํ͔Β߆ଋ͢ΔͨΊɼϦʔϧ֯౓ͮ͘جʹࠩޡ

ϫΠϠͷ௕͞ͷࠩޡʹΑΓૢ࡞ର৅෺ʹ಺ྗ͕ൃੜ͢Δɽ

·ͨɼݒਨߏػܕͰ͸ϫΠϠͷ௕͞ͷࠩޡ͸ૢ࡞ର৅෺ͷ

ҐஔࠩޡͱͳΔɽ͜ΕΒ಺ྗ΍Ґஔࠩޡʹର͢ΔऔΓ૊Έ

͸ଟ਺͋Γɼະཱͩ֬͞Εͨख๏͸ͳ͍ɽ

͜Εʹର͠ຊڀݚͰ͸ɼϫΠϠ௕ͷૢ࡞ʹΑΔૢ࡞ର

৅෺ͷزԿֶతҐஔܾΊͰ͸ͳ͘ɼϫΠϠͷྗֶతͳฏߧ

ঢ়ଶʹண໨͠ɼϫΠϠͷுྗΛૢ͢࡞Δ͜ͱͰɼૢ࡞ର৅

෺͕໨త஍ʹύογϒʹऩଋ͠ɼҐஔܾΊΛ࣮͢ݱΔγε

ςϜΛఏҊ͢Δɽͦ΋ͦ΋ϫΠϠͷ௕͞Λ੍ͣͤޚʹϫΠ

ϠுྗΛ੍͢ޚΔͨΊɼ಺ྗ౳ͷ໰୊Λٞ࿦͢Δඞཁ͕ͳ

͍ҐஔܾΊͷख๏Ͱ͋ΔɽຊߘͰ͸ɼఏҊ͢ΔுྗΛૢ࡞

͢ΔϫΠϠϦʔϧߏػͷίϯηϓτͱͦͷઃܭʹ͍ͭͯड़

΂Δɽ

2. ϫΠϠுྗௐઅܕϫΠϠϦʔϧߏػ

2.1 Χ΢ϯλ΢ΣΠτΛར༻ͨ͠ுྗௐઅ

ैདྷ͸ϦʔϧͷճసΛૢ͢࡞Δ͜ͱͰϫΠϠͷ௕͞Λ੍

ͰఏҊ͢ΔϫΠߘର৅෺ͷҐஔܾΊΛ͢Δɽຊ࡞ɼૢ͠ޚ

ϠϦʔϧߏػͰ͸ϫΠϠϦʔϧ͸ࣗ༝ճస͢Δ࣠ʹݻఆ͢

Δͱ͠ɼ֎ྗ͕ՃΘΔͱͦΕʹԠͯ͡ϑϦʔʹϫΠϠ͕Ҿ

͖ग़͞ΕΔɽ͜ͷ࣌ՃΘΔͷ͸࣠पΓͷػցຎࡲͷΈͰ͋

Δɽ͜͜ͰϦʔϧߏػʹ͸εύΠϥϧϓʔϦͷߏػΛ࠾༻

͠ɼϫΠϠҾ͖ग़͠Ґஔ͕มԽ͠ͳ͍Α͏ʹ͢Δɽ

ϫΠϠʹுྗΛൃੜͤ͞ΔͨΊʹɼϦʔϧߏػͱ૬ର

ҐஔΛ੍ޚՄೳͳΧ΢ϯλ΢ΣΠτΛ౥͢ࡌΔɽΧ΢ϯ

(a) Over constrained (b) Wire suspended

Fig. 1: Concept model of a parallel wire mechanism
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Fig. 2: Model of a parallel wire mechanism

λ΢ΣΠτ͸Ϧʔϧݻʹߏػఆ͞ΕΔͨΊɼڥ؀ʹରͯ͠

͸Ϧʔϧߏػͱͱ΋ʹࣗ༝ճస͢ΔɽΧ΢ϯλ΢ΣΠτ͸

Ϧʔϧ࣠पΓΛճస͢ΔৼΓܕࢠͱ͠ɼڥ؀ʹର͢ΔΧ΢

ϯλ΢ΣΠτͷৼΓ֯Λ೚ҙͷ֯౓ʹҐஔܾΊ͢Δ͜ͱͰɼ

Ϧʔϧ࣠पΓͷϦʔϧߏػʹൃੜ͢ΔτϧΫΛૢ࡞Ͱ͖Δɽ

͜ͷτϧΫΛૢ͢࡞Δ͜ͱͰϫΠϠͷுྗΛ੍͢ޚΔ΋ͷ

Ͱ͋Δɽ

2.2 ӡಈϞσϧ

Fig.2ʹࣔ͢Α͏ʹɼૢ࡞ର৅෺͕ n ∈ ຊͷϫΠϠΑ

ΓۭؒʹҐஔܾΊ͞ΕΔ͜ͱΛ͑ߟΔɽ͜ͷͱ͖ɼάϩʔ

όϧ࠲ඪܥ Σo ͸೚ҙͷҐஔͷ࢟੎ʹఆٛ͢Δɽ͜ͷͱ͖ɼ

i ∈ ൪໨ͷϫΠϠͷૢ࡞ର৅෺ଆͷݻఆҐஔϕΫτϧΛ
o
tP(i) ∈ 3ɼڥ؀ଆͷݻఆҐஔϕΫτϧΛ o

bP(i) ∈ 3 ͱ

͢Δɽi൪໨ͷϫΠϠ͕ൃੜ͢Δுྗͷେ͖͞ T(i) ∈ ͸

࡞ՄೳͰ͋Δͱ͢Δɽ͜ͷͱ͖ɼi൪໨ͷϫΠϠ͕ૢޚ੍

ର৅෺ʹՃ͑ΔྗϕΫτϧ oF(i) ∈ 3 ͸࣍ͷΑ͏ʹͳΔɽ

oF(i) = T(i)(
o
bP(i) −o

t P(i)) (1)

͜ͷྗ oF(i) ͕ nຊͷϫΠϠ෼ͷૢ࡞ର৅෺ʹՃΘΓɼ߹

ྗͱͯ͠࡞༻͢Δɽ͜ͷ߹ྗϕΫτϧΛ oF(t) ∈ 3 ͱ͢

Δͱɼ࣍ࣜͷྗͷͭΓ߹͍͕ࣜ੒Γཱͭɽ

oFt =
n∑

i=1

oF(i) +
o Gt (2)

͜͜ʹɼૢ࡞ର৅෺ͷ࣭ྔΛmt ∈ ͱ͠ɼoGt ∈ 3 ͸

ॏྗʹΑΔྗϕΫτϧͰ͋ΓɼoGt =
[
0 0 mtg

]T
ͱ

ͳΔɽͳ͓ɼg ∈ ͸ॏྗՃ଎౓Ͱ͋Δͱ͢Δɽ

ఆ͞ΕɼϫΠϠʹΑΔྗݻର৅෺͸ۭதʹϫΠϠͰ࡞ૢ

͓ΑͼॏྗʹΑΔྗͷΈՃ͑Δ͜ͱ͔ΒɼoFt ͷํ޲ʹՃ

଎͞ΕΔɽૢ࡞ର৅෺͕໨ඪͷҐஔʹ͋Δͱ͖ʹɼྗͷͭ

Γ߹͍ঢ়ଶʹͳΔ T(i) Λ֤ϫΠϠͰ࣮͢ݱΔͱɼ໨ඪͷҐ

ஔʹऩଋ͢Δ͜ͱΛจݙ [5]Ͱࣔͨ͠ɽ

͜ͷҐஔܾΊΛ࣮͢ݱΔͨΊʹ i൪໨ͷϦʔϧʹ͓͍ͯɼ

ϫΠϠͷுྗНi Λ࣮͢ݱΔ͜ͱΛ͑ߟΔɽϫΠϠͷ͖ר

औΓҐஔ o
bP(i) ͸ϫΠϠΨΠυͰ߆ଋ͞Ε͍ͯΔͱ͢Δɽ

ϫΠϠΨΠυʹݪ఺ Oi Λݻఆ͠ɼ೚ҙํ࠲ʹ޲ඪ࣠Λఆ

ٛ͢Δ i൪໨ͷ࠲ඪܥ Σi Λఆٛ͢Δɽ͜ͷͱ͖ɼΣi ४ج
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Fig. 3: Equilibrium of wire

tension and reel torque
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Fig. 4: Geometrical posi-

tion of the counterweight
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Fig. 5: Coordinate system

of counterweight
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Fig. 6: Initial posture

ͷϦʔϧͱϫΠϠͷ઀఺ cͷҐஔϕΫτϧ i
cP ∈ ͸มԽ

ͤͣɼৗʹҰఆͰ͋Δͱ͢ΔͱɼϫΠϠϦʔϧͷϦʔϧ࣠

·ΘΓͷτϧΫНi ∈ ͸ϫΠϠுྗ T(i)ͱ࣍ͷͭΓ߹͍

Λ࣋ͭɽ܎ؔ

T(i) = T(i)Rr (3)

͜͜ʹɼRr ∈ ͸ϫΠϠϦʔϧͷ൒ܘͰ͋Δɽ

࣍ʹɼτϧΫН(i)ʹ͍ͭͯ͑ߟΔɽFig.4ʹࣔ͢Α͏ʹɼ

ϫΠϠϦʔϧͱ૬ରతʹ֯౓ΛݻఆͰ͖ΔΧ΢ϯλ΢ΣΠ

τ͕౥͞ࡌΕΔͱ͢Δɽ͜ͷͱ͖ɼΧ΢ϯλ΢ΣΠτͷ࣭

ྔΛ mc ∈ ɼΞʔϜͷ௕͞Λ Lc ∈ ͱ͢ΔɽϦʔϧ

ͷ্࣠ΞʔϜ͕औΓ෇͚ΒΕ͍ͯΔҐஔͷҐஔϕΫτϧ

Λ i
rP ∈ 3 ͱ͢ΔͱɼΧ΢ϯλ΢ΣΠτͷҐஔϕΫτϧ

i
cP(i) ∈ 3 ͸࣍ͷΑ͏ʹͳΔɽ

i
cP(i) =

i
r P +

⎡

⎢⎣
Lc sin θi

0

−Lc cos θi

⎤

⎥⎦ (4)

͜͜ʹɼθi ∈ ͸ i൪໨ͷϦʔϧʹ͓͚ΔΧ΢ϯλ΢ΣΠ

τͷॏྗํ޲ʹର͢Δ֯౓Ͱ͋Δɽ

͜ͷҐஔϕΫτϧΑΓɼϦʔϧ࣠·ΘΓͷτϧΫ͸֎ੵ

Δɽ·ٻΒ͔͖࣍ͮجʹ

Нi(θi) =
oYi

T oGc ×o
i P

(
i
cP(i)(θi)−i

r P
)

(5)

͜͜ʹɼoYi ∈ 3 ͸ Σo ४ͷج Σi ͷ yi ࣠ͷํ޲ϕΫτ

ϧɼoGc ∈ 3 ͸Χ΢ϯλ΢ΣΠτʹՃΘΔॏྗʹΑΔྗ
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ϕΫτϧͰ͋ΓɼΧ΢ϯλ΢ΣΠτͷ࣭ྔ͕mc ∈ ͷͱ

͖ɼoGc =
[
0 0 mcg

]T
Ͱ͋Δɽo

iR ∈ 3×3 ͸ Σo ج

४ͷ Σi ͷճసྻߦͰ͋Δɽࣜ (5)ΑΓɼϦʔϧ࣠·ΘΓ

ͷτϧΫ͸Χ΢ϯλ΢ΣΠτͷάϩʔόϧ࠲ඪܥʹ͓͚Δ

֯౓ʹΑΓܾ·ΔͱΘ͔Δɽ

࣍ʹɼϦʔϧͷճసʹ͍ͭͯ͑ߟΔɽFig.5ͷΑ͏ʹɼΧ

΢ϯλ΢ΣΠτ࠲ඪܥ ΣciɼϦʔϧ࠲ඪܥ ΣriΛઃఆ͢Δɽ

ͦΕͧΕɼΧ΢ϯλ΢ΣΠτͱΞʔϜͷ࣠ͷަ఺Λݪ఺ͱ

͢ΔɽΧ΢ϯλ΢ΣΠτ࠲ඪܥ͸Ϧʔϧ࣠ʹ yci ࣠Λఆٛ

͠ɼzci ࣠ͷϚΠφεํ޲ʹΧ΢ϯλ΢ΣΠτͷΞʔϜ͕

Ґஔ͢ΔΑ͏ʹΧ΢ϯλ΢ΣΠτʹݻఆ͞ΕΔɽ

·ͨɼϦʔϧ࠲ඪܥ͸Ϧʔϧ࣠ʹ yri ࣠Λఆٛ͠ɼ೚

ҙํ޲ʹ xri ࣠ΛͱΓɼϦʔϧʹݻఆ͞ΕΔɽ͜ͷͱ͖ɼ

άϩʔόϧ࠲ඪجܥ४ͷͦΕͧΕͷճస֯౓Λ o
ciθ ∈ ɼ

o
riθ ∈ ͱ͢Δɽॳ࢟ظ੎͸ɼFig.6 ͷঢ়ଶͰ͋Δͱ͠ɼ
o
ciθ = 0ɼo

riθ = 0Ͱ͋Δɽ͜͜ͰɼͦͷزԿֶతؔ܎ΑΓɼ

θi = o
ciθͰ͋Δ͜ͱ͕Θ͔Δɽ

ϦʔϧͱΧ΢ϯλ΢ΣΠτͷ૬ର֯౓͸ Σri ४ͷج Σci

ͷ֯౓ͱΈͳͤΔɽࠓɼͦΕΛ ri
ciθ ∈ ͱ͢Δͱɼ࣍ͷؔ

੒Γཱͭɽ͕܎
ri
ciθ = o

ciθ − o
riθ (6)

͜͜ͰɼϦʔϧ࣠͸ڥ؀ʹରͯ͠डಈؔઅͰݻఆ͞Εͯ

͍Δͱ͢Δɽ͢ͳΘͪɼ࣍ͷμΠφϛΫεͰճసӡಈ͕ൃ

ੜ͢Δɽ

(Jr + Jc)
d2

dt2
o
riθ =Нi (7)

͜͜ʹɼJr ∈ ͸ϦʔϧͷϦʔϧ࣠·ΘΓͷੑ׳Ϟʔϝ

ϯτɼJc ∈ ͸Χ΢ϯλ΢ΣΠτͷϦʔϧ࣠·ΘΓͷ׳

ੑϞʔϝϯτͰ͋Δɽ࣮ࡍ͸࣠ʹຎൃ͕ࡲੜ͢ΔͷͰɼ࣍

ͷΑ͏ʹͳΔɽ

(Jr + Jc)
d2

dt2
o
riθ +Dr

d

dt
o
riθ =Нi (8)

͜͜ʹɼDr ∈ ͸Ϧʔϧ࣠ͷ೪ੑຎ܎ࡲ਺Ͱ͋Δɽલ

ड़ͨ͠Α͏ʹɼϦʔϧʹରͯ͠Χ΢ϯλ΢ΣΠτͷ૬ର֯

౓੍͕ޚͰ͖ΔͨΊɼri
ciθ ͸γεςϜʹΑΓҐஔܾΊͰ͖

Δɽ·ͨɼo
riθ ͸ࣜ (8)ʹԠͯ͡ύογϒʹܾ·Δɽͨ͠

͕ͬͯɼࣜ (6)Λม͠ܗɼΧ΢ϯλ΢ΣΠτͷ֯౓͸࣍Ͱ

ܾ·Δɽ
o
ciθ = ri

ciθ − o
riθ (9)

͜ͷ o
ciθʹԠͯ͡ɼϦʔϧ࣠·ΘΓͷτϧΫНi ͕ܾ·Δɽ

·ͨɼo
riθ ͷ૿ݮʹΑΓɼϦʔϧͷϫΠϠ͕ྔ্͖͛רม

Խ͢Δɽ

3. ϫΠϠϦʔϧߏػͷઃܭ

ઌʹࣔͨ͠ίϯηϓτΛ͓ΑͼӡಈϞσϧΛ΋ͱʹɼ

Χ΢ϯλ΢ΣΠτΛ༻͍ͨϫΠϠϦʔϧߏػΛઃ͠ܭ

ͨɽFig.7(a) ʹઃͨ͠ܭϫΠϠϦʔϧߏػͷஅ໘ਤΛɼ

Fig.7(b)ʹଆ໘ਤΛࣔ͢ɽFig.8ʹ͸ϫΠϠϦʔϧߏػͷ

ϞσϧਤΛࣔ͢ɽ

3.1 ϫΠϠϦʔϧϞδϡʔϧ

εύΠϥϧϓʔϦ͸ԁபͷଆ໘ʹΦωδঢ়ʹ۷͕ߔΒ

Εͨ෦඼Ͱ͋ΔɽεύΠϥϧϓʔϦ͸ଆ໘ߔϐονͱಉ͡

ϐονΛ࣋ͭϘʔϧͶ͡ʹऔΓ෇͚ΔɽϘʔϧͶ͡ͷ྆୺

ʹϕΞϦϯάΛ಺ଂͨ͠ϑϥϯδΛݻఆͤ͞ɼεύΠϥϧ

ϓʔϦʹ؏௨͍ͯ͠Δ̏ຊͷγϟϑτͷ྆୺͸ϑϥϯδʹ

ఆ͢Δɽ͜ΕΒ͕Ұମͱͳͬͯճస͢Δ͜ͱͰɼϑϥϯݻ

δ͸ҐஔΛม͑ͣʹճస͠ɼεύΠϥϧϓʔϦ͸Ͷ࣠͡ʹ

Ԋͬͯฒਐ͢Δɽ

ຊڀݚͰ͸௕͞ 2.5 mͷ SUSϑϨʔϜΛ 12ຊ༻ཱ͍ͯ

ํମΛ࡞੒͠ɼͦͷதͰૢ࡞ର৅෺ΛҐஔܾΊ͢ΔɽϫΠ

ϠϦʔϧߏػͷ࠷େ͖רऔΓ௕͞͸ɼҰล͕ 2.5 mͷཱํ

ମͷର֯ઢΑΓ௕͍ඞཁ͕͋ΔͨΊɼ5 mͱͨ͠ɽϫΠϠ

Ϧʔϧߏػͷ࠷େ͖רऔΓ௕͞ L͸ࣜ (10)ͰදͤΔɽ

L = 2πRr
l

p
(10)

ઃ͢ܭΔεύΠϥϧϓʔϦͷ൒ܘ Rr Λ 37.5 mm ͱ͠ɼ

ϐον p͸ 5 mmͰ͋ΔɽL͸ 5,000 mmͰ͋ΔͨΊɼ࣠

ͷ௕͞޲ํ l͸ 107 mmͱͳΔɽ·ͨɼϫΠϠͷҾ͖ग़͠

Ґஔ͸ৗʹݻఆ͞Ε͓ͯΓɼϫΠϠ͸εύΠϥϧϓʔϦ͕

ճస͢Δ͜ͱͰ͖רʹߔ෇͚ΒΕΔɽ͜ΕʹΑΓɼεύΠ

ϥϧϓʔϦͷՄಈൣғ͸࣠ํ޲ͷ௕͞ͷ 2ഒͷ஋͕ඞཁͰ

͋ΔͨΊɼՄಈൣғΛ 214 mmͱͯ͠ϘʔϧͶ͡ͱγϟϑ

τͷ௕͞Λܾఆͨ͠ɽ

εύΠϥϧϓʔϦͷճస֯౓Λݕग़͢ΔΤϯίʔμ͸ɼ

εςʔͷཪʹઃஔ͞Ε͓ͯΓɼΤϯίʔμͷ࣠୺ʹϓʔϦ

͕औΓ෇͚ΒΕ͍ͯΔɽεύΠϥϧϓʔϦ͕ճస͢Δ͜ͱ

Ͱϑϥϯδͱϑϥϯδʹݻఆ͞ΕͨϓʔϦ͕ճస͢Δɽ͜

ΕʹΑΓɼϕϧτΛհͯ͠Τϯίʔμͷ࣠୺ʹऔΓ෇͚ͨ

ϓʔϦ͕ճస͢ΔͨΊɼεύΠϥϧϓʔϦͷճస֯౓͕ݕ

ग़Ͱ͖Δɽ

3.2 Χ΢ϯλ΢ΣΠτϞδϡʔϧ

Χ΢ϯλ΢ΣΠτϞδϡʔϧ͸ϞʔλͱΧ΢ϯλ΢ΣΠ

τ͕ΞʔϜʹऔΓ෇͚ΒΕ͍ͯΔɽ·ͨɼΞʔϜ͸ϕΞϦ

ϯά͕಺ଂ͞Ε͍ͯΔͨΊɼεύΠϥϧϓʔϦ΍ϑϥϯδ

ʹରͯ͠ճసͰ͖ΔɽͦͷͨΊɼϞʔλ͕ۦಈ͢ΔͱϞʔ

λͷ࣠୺ʹऔΓ෇͚ͨϓʔϦ͕ճస͠ɼϞʔλͷಈྗ͕ϕ

ϧτΛհͯ͠ϑϥϯδʹݻఆ͞ΕͨϓʔϦʹ఻ୡ͢Δɽ͜

ΕʹΑΓϑϥϯδ͕ճస͢ΔͨΊɼεύΠϥϧϓʔϦ΋ಉ

༷ʹճస͢Δɽ
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(a) Coss sectional view
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(b) Side view

Fig. 7: Drawing of the wire reel mechanism
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Fig. 8: Three dimensions model of the wire reel mech-

anism

εύΠϥϧϓʔϦͷੑ׳Ϟʔϝϯτ͸খ͘͞ແࢹͰ͖Δ

ͱ͢ΔͱɼΧ΢ϯλ΢ΣΠτͷॏ͞ʹΑΔϞʔϝϯτɼ׳

ੑϞʔϝϯτ͓ΑͼϫΠϠுྗʹΑΔϞʔϝϯτͷ࿨͕ 0

ͱͳΔɽΧ΢ϯλ΢ΣΠτͷ࣭ྔΛmcɼΧ΢ϯλ΢ΣΠ

τ͔ΒεύΠϥϧϓʔϦͷத৺·Ͱͷڑ཭Λ lc ͱ͢Δͱɼ

ࣜ (11)͕੒Γཱͭɽ

mclcg sin θi −mcl
2
c sin θ̈i − TRr = 0 (11)

ϫΠϠுྗʹΑΔϞʔϝϯτͱΧ΢ϯλ΢ΣΠτͷॏ͞ʹ

ΑΔϞʔϝϯτ͕ͭΓ߹͍ͬͯΔͱ͖ɼFig.6ͷҐஔͰΧ

΢ϯλ΢ΣΠτ͸੩͢ࢭΔͨΊ θ̈i = 0ͱͳΔɽ·ͨɼΧ

΢ϯλ΢ΣΠτͷॏ͞ʹΑΔϞʔϝϯτ͕࠷΋େ͖͘ͳΔ

ͷ͸ θi =
π
2 radͷͱ͖Ͱ͋ΔɽΑͬͯɼࣜ (11)ΑΓΧ΢

ϯλ΢ΣΠτͷ࣭ྔͱɼΧ΢ϯλ΢ΣΠτ͔ΒεύΠϥϧ

ϓʔϦͷத৺·Ͱͷڑ཭͸ܾఆͰ͖Δɽ

͔͠͠ɼϞʔλͷ࣭ྔmmͷ 1,180 g΋ྀ͢ߟΔඞཁ͕

͋ΔɽϞʔλ͸εύΠϥϧϓʔϦʹ઀͠ͳ͍Α͏ʹΞʔϜ

ʹऔΓ෇͚ΔͨΊɼϞʔλ͔ΒεύΠϥϧϓʔϦͷத৺·

Ͱͷڑ཭ lm ͸ 75 mmͱͨ͠ɽΧ΢ϯλ΢ΣΠτ͔Βε

ύΠϥϧϓʔϦͷத৺·Ͱͷڑ཭Λ 140 mmͱ͢Δͱɼࣜ

(12)ΑΓɼΧ΢ϯλ΢ΣΠτͷ࣭ྔ͸-270 gͱͳΔɽ

mclcg sin θi +mmlmg sin θi − Tr = 0 (12)

͕ͨͬͯ͠ɼϞʔλࣗମ͕Χ΢ϯλ΢ΣΠτͷ໾ׂΛ࣋ͭ

Α͏ઃͨ͠ܭɽ

4. ͓ΘΓʹ

ຊڀݚͰ͸ɼྗֶతฏߧঢ়ଶʹண໨͠ɼϫΠϠͷுྗΛ

ର৅෺ͷҐஔܾΊΛ໨తͱ͍ͯ͠࡞Δ͜ͱʹΑΔૢ͢࡞ૢ

ΔɽຊߘͰ͸Χ΢ϯλ΢ΣΠτΛ༻͍ͨϫΠϠϦʔϧߏػ

ͷίϯηϓτͱઃܭʹ͍ͭͯड़΂ͨɽޙࠓ͸ɼෳ਺୆ͷϫ

ΠϠϦʔϧߏػΛ࣮૷͠ɼૢ࡞ର৅෺ͷҐஔܾΊʹ͍ͭͯ

Δɽ͢ূݕ

ँࣙ

ຊڀݚ͸Պֶڀݚඅॿ੒ۀࣄ (एखڀݚ (B))17K14629

ͷิॿʹΑΓ࣮ͨ͠ࢪɽ
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