2020 4F 10 A
%38 BE S

[ DA N e 3 Oct.

Journal of Northwestern Polytechnical University

2020
Vol.38 No.5

https://doi.org/10.1051/ jnwpu/20203851105

— il B B 20 2 4 L B KK B L 3B A ML 3

ERA, BT, BAA

(Fedbep SR il SHANL T RSB, Wb f4E  071003)

 E.eARANREMEEAR T ARG ERE B3R5, MAESHIEAR ARG Pk LR, F) A K
LHLBASIT LR i, R IR AT Ok A AR R BB SO B AT R 2R o, R B A AL B AR A b
55 RAntir b I RN 5 B NSMFRAR CFFL th £ HREMBA, R WX I EA KA
T TR A IR AT AR R AR A e At 2 S R, Ak B PR 3R T — AP A w A XK
MBANM  ZAEAGDT 2 2R B 454 ZARBA TSGR W AT, b 748 LegsEBAE
RGBS THBAGRERE A GEIIMBRIENEARSAE LR E, 25T ZMEA
By Z R 6T BRI E M BB S AA AR T 3 A A AR AE X, AT AR ARG AL R R it
ARHAT T B M, 246 R R IZ A T vA 3 2 5 05 A it 7K A AT 35 VA B e v, X 3% b ol LT
R4,

X R REIBAGFIRA A S, W X EM &R
FE S E S TP242 XEkFRERD A X E RS .1000-2758(2020)05-1105-07

G FERHE SN R LT R R AR SRR 2R
SERT, F T ) TE R AR T4 AR I AR K
SR T2 i L 2 R 2 2 BIHLAR K 1 9 R
SEIRREIN i E 4 4 B AE RS Al | DB A5 A% o
3, TS 00 L B4 IR B R T R A B
HEL 2R 6 v A7 %) ) AL, PRI B R 28 % 1) 2 R B2
11, T I A TS, R A LA A
Ve —Fo K e 2 B TAERCR & &L etk
LA P R R TS I R

LR LA AR ST 4R T 20 22 80 4R K, 5
[ | H S [E R R IT R T kL as A arses
1988 4F , R HL FI N R A T —FhOCLF 2 A 4045 1
LRACAGHLAE N IZHLASE N B 7 A9 0T R 4 B 5 5
SRR (R i D n] S A A H R B BIL R AN
TG XT AT R TR, 1991 4F, H A3
BRI R T —Fh i 6 42247 X RR o R R 19/
TR R TE AL A AL A RE 8 5 14y S
LR U2 TR (AN BEES EATIE . HAREVE R
F1SEI R EXPLINER” " BLs A, iZ bl g8 A B
REAEPIFFS I 0 Bl T A S E AT,

¥ B #9:2019-10-15

JoIk AR bR, HILOUE 2 AR TRk K
BRI YN &N NG M N RS S DN
2014 AR A T — i BUBCE- 47 DU 1 I8 2548 A i 2%
HLER A ILARBHE R T 2017 4FFF & T —Fisidt]
KRR O ENLIR N LB KR A R
TR SR TR

BEXT LRI AHLAR AAFAE R SN R AR SR
T — o R DR AR L LA AL, XEHLAS A
BREALAR B A vh T 52 01 O S HEA T B — &R 5
PrELATSERT LASREA 2L & A\ RE A8 22 4 g Akl 5 e
TR 5K AT LK i i 2 b DL B

1 #l=s AdMiEit

1.1 #|AITIERES T

M 2K LA N KSR 2 A E R, —
SEMELLES BT 3, R LA N IR BEA RE AN
RFFRPELL L 2 AR R, X AL EF A TAE IR B i
700 #r .

EEWMB . bl m i E AR 4 (2016MS141) T B

EE B I EARIE(1994—) , 2 AU i ) R -E RS0 2N L ) R G REIKAGHLAS ABTFFT



- 1106 - Wodb T ok ok

¥

ERTE

PR TC L AR I R AT 8 B0 32 T PR 26 AT I —
Je 43 JEk Al AT B AN 5K AT 8 2 ApCO R A

P& S AL g B A Rae Xl B2 AN R, T o BB AT 3% (A
Bl 1R ) G5B 2 2%, 51 4k He e ot LK P
T L R B AAR M T BT P
BAEGIRA LATE, FIEAR N T —FEEE eS|
WA L7 R 5K 26 2% 1 o AT 7 R LA AL
Hay , AR 3 5 TR 5K A1 69 LAY

N\

HHLZR B R & M R L R TR R A
Gl 2R 1 BRI AS RST R A R, A SR
500 kV ARz i L 2 Ry ], RS R ) 4 B
ELORBUAR R 2 iRt RIE S Lk b
HABZEAEAT TCOCHE, i X 2 4 By < o M2k
RUBEAGA e T ZE iR BB 7 2 25 X AN ]
AN R R T AS [) A s i =2, T DA A S
Plas MR BE 11 5808,

JEHEAE

=

A
32 mm 20 mm

—— 320 mm —| ¥4 %
a)  JEEE

400 mm 0 %Tﬁﬁg

OmmILSLR ] e
b B

2 B H LB A )  HLRT

220 mm
o HBEEH

[ 2

BEAE , T HLES AR — EAELR LasfT i, BT AAL
o NBE PR B AN R, 77 WU XA L B A 40 5
TR B RBER O AL R R =Rk, — B
AT AT BE R IR BN B3 Ut 7, T ELBLAR AAS
R BB A 5, BT LA T BRAEDLAS
UNHE7S N

1.2 M ANAER R TIERE

LR LA MU N 3 s, HFEH 1
AHUAEFD 2 0T TR B, Horp 1 07 e 2 8% AT
FE BT NATER, 1A ok 85 oFr 38 1) T
FRZ R IE R 2 X B ARG, B 2 4 m A 85
RBER

q
i
b

3
fitr
&

W%

S

BE
R

4

SFREE

S T P bbbl
S SR A R

I
e
b
i

CrRST IR

3 Hlgs N =4

TAMTERE H 1R B R E T 2
AT ER R, HE b T 1 AT R AR S [ — R AL
R AIL, FELIR BT 3 5 H A AR 1 A O R R A
TR, T E AR L5 Z Wi iK% sh s
118 LT EE K- Fzsh, LR 2 WiTEBEN
A —IRIRZATAL SR, SEBA T B 1 B Has 8l
FICHESE 107 M3 — AR, i S51mE R AE
A Fe R 23 Bl ES AR S P ER A3, Bl Al R
S 45 hy PR 3 o L R ) T P S IR T A
MIPE 57, A7E e il i O 2 DA s LB Bl
ST — )2 T AR O Bt MRS Ak B,
BEAHLAR NS v 2 2 [A] DRASE A ) 1 FL T sl 9
A I I AE B FiL B 22 s T A ] R Y
AR LAIE AN [RIRLMS O R

1 B SR HIZR X T B4 1) 07 WA T A, 45
ANBIERE T 1 AR A B T 2 P BOE A, B
B BRAEREA T /K7 1) iR B A1, 84T 2 AN iede A
I FERTY N RO TR AR LR SE B, AR 2 4



%5 5 1 FARHE, 5 — Pl B AR A i 2 I A B s N DL T - 1107 -
Farg AT D7 IEBLE AR AT 2 HIZE A HREIRIZ T

BLAR T 53 BE S AT WL a8 A M 0 3 A 25
T TR VRREGE , 5 TR B e R ie
HAAWG A, AP M RAIEA TAE AL AR E P, BB S
LA — IR 5 4%, Rt sh 758 300 1 i i T
sl gy ) LR A & 2R R 1L s o =X
HUAR AT LAFE 20 2 Fi L B2 LA N 2 A
PR PR R A
1.3 B ALEHRIEZHSHIZIT

R B A ) RS R A 7 =2 e LA A
ARG SRRz S 2 i iE 4 3k 1 R, 1,
[ B S N P 0 == S N O M 5| 7 R NS5
TFERE 1, AATER—M 4 A k. 0,0, Ak
PERE A 2 ANTRRE A L1 o R B R K
FEo U, L ML RPUFER B SERE RS BE L, 0, T
e 2 A R,

ly

hiﬁ%)A\ ﬂ‘iE%B 12 f‘l‘iﬁg
w&%ﬂT T’ I B lz 9 6,
3
AL
n
{
LT — H‘—’u—’HT
l7
15 l6
D EME D=

K4 Hlas NRAASEIA

&1 NBARESHE

Plis NS %L HfH
l,/mm 60
l,/mm 0~50
l;/mm 90
l,/mm 90
ls/mm 620
le/mm 320
[,/ mm 200
lg/mm 100
ly/mm 80
l,,/mm 600
l,;/mm 300
l,,/mm 0~25
0,/(°) -60~60
0,/ (%) -60~60

PLER NTEFT RS AT A AR A Ak

2 B, < AL B R I 5 s, B o
1 XHBCRE R 73501 8% 3 21 22 A7 A LADRAIE AL AR A AP
iy, 5 A B A F " JOH L B B i I P T
PRI T A IE R, B SCHENLAR A

HIR 8, A B RS R T AR5 B AR A
B SAEHLES N T I2 3, B2 58 Al i AR S B
HrREEL L,

-
-

K5 Ak R

Bl A ik B 2 5 AL 15X
AL, AT 8 2 2 T s ) e A I 4 T TR A
ARy B A, SRR HEAE S AT, T
TR E R B A R

Plas A s U S R 6 s, 4
PLES NI BN G Ly 2 647 B L, th s i
SCEEHLER N o SR 5 38 e BPE T e A S R L o A
PRHF BT IRA—M, C BB, LA kP52
SPE I ATIZ 8, B8ad 5 RIS , C B HEZ LA
N, DB, ad 51 AR, — X B B 7 i 5K 26
G ATE . HALE T FRRGE B 5 R,
T AP R AT A B AT R R AT RS A
B BGUT A — R AT P AE 2L E
R, AR IEHL g Adsd

el bt

Klo =i B d



- 1108 - Wodb T ok ok

¥

938 %

3 AMTHEST

31 HIBAEETESEZ AW
LR N TR 225 vl Lo i 3 A e &% £

B 2 FORES B AT AL A A IE 17 8 o B v R
ERETFMZ EMN., UbLE N IER EPCIRE R
B, ZARSHLER N TE B2 IR 7 s,
FH T FL 2R 5 BE A, S 8 4, RS ] LUFE LA
ANWITTER Z [ B EH L,
F F,;:iﬁﬁﬁéﬁxﬁ_?i% AMVERT

4 Fyp 7% BMER N
G:HLBAESN
O:HlLEE NE L
O, ATER Aty
Op: 47785 B
L: BT Z MM ES
H:BibLgs NE.O 5 W7 ER
i&;ﬁ»ﬁmﬁﬁrﬁ%,ﬂﬂéﬁ&on

B
a: H R K

K7 Hlas NIEW AT E RS IR

W v AT B B8 10 S T REE B 01 6 9 D
XA TE R AIER 1, B F F,  BLEF NIE# 1T
F,+F; =G
{FBLAH =GL,,
itqj LAB j‘j FB ﬁ%KE;LM j‘j Gﬁﬁgﬁgo
WRAEE 9 LT AR, Al 45

(1)

L,z = Lcosa
L : (2)
L, = ?cosa — Hsina
B (2) AR (1) Al 15
G H
F, =— - —Gtana
2 L (3)
G H
F, = — + —Gtanax
2 L

KPS SEEEN T AL R m=21 kg, W
H S 6=205 N, HLEs NAEIE 5 A7 38 B A 778 A
B RATEE R RS U, T UE BT
ARG I N B L =480 mm, H=180 mm, f5i%%iH1 2k
e RE R R 300,

B LA EBUE A AR (3) A rh AT B AL a8 A IE
B I R A2 T i an (&l 8 ivn . MY
k0, BIATLA A T4 PR 42 G i ), i P 4 % R T

IVER 1 RARR Y, BB s K P, A
Wi/, Fy AR, HLR IR 2RSS ik
B K}, Fy i8R RAE N 154 N, HHLE LT
WBRARES , R 1 AT LT, FRATAUIA N BL i
F=G=205 N, X 24 2 AL a A6 e 28 1) fe KA
3, ik e S s R 0 45 4 HL ) DL K
ARG XS L7 g S 349328 TR F 3 A ML, T D i L 2
SEa ] IR EGZHLAF N E

— AFWBHMA ]
il - BN -
Z 110 /,/’/
= -
% /’/
= 1000
901
805 10 20 30
WMEHEa/ ()

K8 Hlas NIEHATERSWIFTEE 52 J 2k

32 HBANEREIREZHSHN

BT, 2 2 FURIERE A Y R [
I SCAE R e NI BB A 2 NS85 A e
TS 2 TR R A B — B, B LG Fe AR
[, BT 2 ANERE 5 70 B O e SR 1 ede ok
A2, RWHR T, T, TR

T, =m,gl;sinf, +
myg[ lysin®, + I,;sin(0, - 6,) ] +
1

?mog[l3sin01 + 1;sin(6, - 0,) | (5)
. 1 .
T, =m,gl,sin(6, = 6,) + ?mogl451n(01 -0,) -
m,glysinf, (6)

b BB K 1, =90 mm; F 7 BOE K
1,=90 mm;HLEE m,=13 kg; b T 1 BB BT & 07
TN m,=1.5 kg,m,=1 kg; T KT 1.2 MAEE 5
B2 0.08 rad/s,0.05 rad/s,

Ll ERARARA (5) 2L (6) :AT 1§ 2 ek %
TSR - AR e, K 9 iR, AT LLE ) ief
RATHE RN BERG K, AR K, B T ERE 5Ty
1 7 VA AL AE 0 AR 07 0 G 7= A AR B B B
DACRE FE AR XS T 26797 2 R, e RATIA 6 N - m



AR, 55— PR B A s iy el AR KL e A PR ST

- 1109 -

A,
8| — R 1
- R 2
6
E
Z
e 4
#
. ////,,
05=== 10 20
] /s

P9 HRREIBIL e A HIE T I 5G9 A

4 W NEERST

FLTF SolidWorks B4, %F 3 Al e A 21 174 e
44 B SCy RT s sr By S5 HLa AR 17
EMC , T AR (9 42 fk | ) DA SRR RS o)
SXFHLAF A 3 Bl e dss =X Y o B AT 05 1, nT A5 )
PLAS N AL Wik i R 5 20 A7 8 2 o0
x,y,z J7 I B[R] - FS i 2k, DL R < i A =R AL
AENTUO 2,y ,2 7 A B ] -2 #% 28, 43 51 an ]
10~12 Fi7 ,x J5 o ALEs AV 24728 10 75 ],
y AT E N LGRS T 1],z 7 Il ok
B8 BT TR R IT 1], TR Pl Nz 3
T 2 SRAEL TR A BIFRZ N HE” R

Kl 10a) 11,3~6 s,z 7 i 8 M & B -t «
J5 I 5r B th 4 ds 1k 722 Ak, 0 B By B b A i il
FIFERFY) , P2 T TE i B v A B, 24 ~ 27, 5] 10b)
KAk 5 2 A0 R, ol B 00 ) s o 3 B A 4,
10a) ,10b) 1 z J5 [ i 4% M2 53 I 7E 24 F1 47 s T B

08+ —xJill
. Ui
&g | . ZH
g 0.4f
0 %0 %0
/s
gy ¥ WTERED
W
g | e ZH
£
g 0.4f
0 —— p—

I H] /s
b RETERL
B0 Hlaw A B ARAEATAE 48 B0 i ] - (2 8% fif £

F 0, T BLA FT S B B e R A, A
ki FEALAE A B A E] 60 s, FEALTE 3 s st Tt
0] D BB I B 0 1 B R L AR HE SR
AT BB o T R AR

B,y i E S E 10 #E, RE
AR G B T E R L 2 7 1 2R3 50 HE 3~8 s
H138~43 s 20 TG T K, 16 BH e B T 8 1 i
) Jo T BT AR 1R, T DA ZtR S 4 M b
IR I b AR RS I RS

—xJH
LR 1
g | v 2 H
< 0.5
]
8
=0.5 , | . .
20 40 60 80
] /s
R a)  RIBITERREL
LOr —_ yJii
g | o 2 H 1l
< 0.5
R
g 9
-0.5 . A A L
20 40 60 80

W /s
b)  EETERRL

BT Hlas A B RS 7L Fe IO R I ] — 52 7% i 26

B 12 H1,3~10 s,y 5 i BT [, 2 7 )
M I e T, UL BE A ML RS A B 35 2k, M
TERE TR ol A LA 205 [ T , 2 )5 « J7 W]
Hikgksl BTV y,z Jr i ph e G 281k, LA A
LY A R B BT | 4R, 68 ~ 76 s, x J7 [ £ 45 11
Ty, 2 T R 1 E 2 BRI 51 2R i
SEEE B AT e  MUAR I B R T O,
J&i x J I MR 1Tt 3R BB U A A % T R Ak
Bl AATE .
R
- yJil

0.8

£ /m

0 2 80

0
R /s

F12 Hlas B s b g A O I ] — 057 7 26



- 1110 - Wodb T ok ok

L,

L
&3

L 55 38

LR UUE 3 BT LIS LU 2 51 OPLES A%
FrE R SRS th 28 R P42, rT LA HLAs A
TS I A LA FE AR, B B R B e 3
U HIZB R LR B & B R s @QPLAS A BB
A By R AR b R ) < 1) i TS ) 7 — 23
At LA LS B 5 | 2k B R A — 232
PSP IREIN vy & S

LRI BRI AR A AT DL M 2 = oA i £k
R BRSO i 1 HIL e N BB A 35 A7 B
5 RS 0 A L TE A AL N AT L T e 2 AT
B W RARTE T AL R TARE , gE—2 4R 1AL
T NSV 2P AT E DL LA A A 2 Ak
LEAE R TALSR AR R el A5 Tt
Hy ARSCH T 3 AR Ry 5, A T T AR

5

SRIUFFIE BRRSCRAR A S 22 P 22 S5 IR R, i T

A
— A

e A o B R 2 TR OO LA R AL R
MRS ST A SRR IZALE N AT LS AR i B
TR i AT B LA R B P e L ) LA . RS
fe IR ALAS N B HAs T3 B RE 7, )i 25
K H ROT RS RENL R BT 5T 5 BT T AR

A

% it

=H

ARSCAR I DAY R 2 AL A8 N\ A7 A A BE RS T

BRI A AL A AT BRI HE SR

SEH

(1]

PIRE, UG I, . R TR LA AR S LR 2R [ J] . AL 5 3 , 2006 10) : 161-163
SUN Cuilian, WANG Hongguang, ZHAO Mingyang, et al. A Review on the Locomotion and Obstacle Navigation Mechanism of
the Inspection Robot for the High-Voltage Power Line[ J]. Machinery Design & Manufacture,2006( 10) ;161-163 (in Chinese)

(2] A R R &AL AT BT TS LA [ 1], BHEHLAL ,2019(14) ; 34-35
YANG Yuxiang. A Summary of Research on Bionic Mechanism of Transmission Line Patrol Robot[ J]. Science & Technology
Vision, 2019(14) ; 34-35 (in Chinese)

[3] ALLAN J F. Robotics for Distribution Power Lines: Overview of the Last Decade[ C] //International Conference on Applied
Robotics for the Power Industry, Zurich, 2013, 96-101

[4] SAWADA J, KUSUMOTO K, Munakata T, et al. A Mobile Robot for Inspection of Power Transmission Lines[ J]. IEEE Power
Engineering Review, 2002, 11(1): 57

[5] NAKAMURA H, SHIMADA T, KOBAYASHI H. An Inspection Robot for Feeder Cables-Snake Like Motion Control[ C] // Pro-
ceedings of the 1992 International Conference on Industrial Electronics, Control, Instrumentation, and Automation, San Diego,
CA, 1992.849-852

[6] DEBENEST P, GUARNIERI M, TAKITA K, et al. Expliner-Toward a Practical Robot for Inspection of High-Voltage Lines[ J].
Field and Service Robotics, 2010(7) : 45-55

[7] YANG D, FENG Z, REN X, et al. A novel Power Line Inspection Robot with Dual-Parallelogram Architecture and Its Vibration
Suppression Control[ J]. Advanced Robotics, 2014, 28(12) : 807-819

(8] EFIN, Wil XRIR, 4. fi i &I HLAR A DTSt gE [ T]. MBS ,2017(10) < 244-247
WANG Jidai, ZHEN Jing, LIU Xiaochen, et al. Study on the Bionic Structure of Inspection Robot for Power Transmission Lines
[J]. Machinery Design & Manufacture, 2017(10) ; 244-247 (in Chinese)

[9] HNFY, FEROG, XEMFR. — o 8 0 KR LS AR5 8308 [T]. Padb Tl K244k, 2018,36(3)
432-438
XIAO Shiyu, WANG Hongguang, LIU Guowei. Mechanism Design and Kinematic Analysis of a Novel Inspection Robot with
Four Arms[ J]. Journal of Northwestern Polytechnical University, 2018, 36(3) : 37-43 (in Chinese)

[10] POULIOT N, RICHARD P L., MONTAMBAULT S. Line Scout Technology Opens the Way to Robotic Inspection and Mainte-

[11]

nance of High-Voltage Power Lines[ J]. IEEE Power and Energy Technology Systems Journal, 2015, 2(1) :1-11

BUICOR. W RRBUE AL AAASE DI SB[ D]. TEH . RILKR%=,2016

WEI Yongle. Research and Design on Dual-Arms Inspection Robot Structure with Flexible Cable[ D ]. Shenyang: Northeastern
University, 2016 (in Chinese)



%5 AR, 55— PR B A s iy el AR KL e A PR ST - 1111 -

[12] XUGTRE, w2100, % LI e R L g ARG A d B LT, (5 B 5 EH AR ,2019,17(8) : 57-62
LIU Zhenyao, GAO Fangyu, JIANG Haibo, et al. Development and Application of Intelligent Patrol-Inspection Robot System for
Transmission Lines[ J]. Electric Power Information and Communication Technology, 2019,17(8) : 57-62 (in Chinese)

[13] B, i Sz, RUEFIRAG AL e A o Sk A TR PERF [ T ] U3 TORS257 412, 2019,39(8) - 813-818
WEI Yongle, FANG Lijin. Research on Dual-Arms Inspection Robots Walking along Transmission Line[ J]. Trans of Beijing In-
stitute of Technology, 2019, 39(8) . 813-818 (in Chinese)

Mechanism Design and Analysis of a New Overhead
Transmission Line Inspection Robot

WANG Yishuang, YUAN Chao, ZHAI Yongjie

(North China Electric Power University, Baoding 071003, China)

Abstract; The requirements of power system for the safety of overhead transmission lines are increasing. With the
rapid development of mobile robot technology, the inspection of overhead transmission lines by inspection robots has
become a research hotspot in recent years. Aiming at the task requirements of transmission line inspection robots
and the environmental characteristics of transmission lines, researchers at home and abroad have developed a
variety of inspection robots. However, most of these robots have problems such as inability to cross the strain tower,
low obstacle crossing efficiency and poor safety. In order to solve the above problems, this paper proposes a new
four-arm inspection robot mechanism. The robot can cross the strain tower with two different sets of arms working to-
gether. The rectangular frame structure on the walking arm improves the obstacle crossing efficiency of the robot,
and the closed hanging mechanism ensures that the robot does not fall from the line. In this paper, the three-dimen-
sional model of the robot is established, and the specific structure and motion parameters are given. Three typical
obstacle-crossing modes are planned, and the motion analysis and force simulation analysis of the robot’s obstacle-
crossing process are carried out. The simulation result shows that the mechanism can efficiently cross the strain tow-

ers and common obstacles on the transmission line.

Keywords: inspection robot; four-arm structure ; strain tower; obstacle-crossing mechanism; design; simulation
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