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High load ratio pneumatic manipulator gripper arm and its lightweight for
forging automation

Xu Yuepeng, Yao Hongliang, Zeng Qi, Li Jing, Tian Xiaoxiao, Li Jiapeng, Jiao Qi’an
(China Academy of Machinery Beijing Research Institute of Mechanical & Electrical Technology Co. , Ltd. , Beijing 100083, China)

Abstract: In order to solve the problem that the heavy weight blanks are difficult to transfor in each process of automatic forging produc-
tion, the mechanical structure and driving system of the gripper arm for manipulator were designed to achieve the high load ratio. Then,
3D modeling of manipulator equipment was carried out by SolidWorks, and the calculation of related parameters for power source, linear
guideway and other mechanisms was realized. Furthermore, the static analysis and structural optimization on the gripper arm were carried
out, and the gripping performance of manipulator was verified by the robot load simulation platform. In order to meet the economy of prod-
uct and the convenience of manufacturing, the gripper arm applied the strategy of modular design, the main body was made of standard I-
beam steel, the clamping and fixing ends were fixed by welding modules, and the overall structure was designed to be lightweight. The re-
sults show that the weight of the gripper arm for manipulator is 75 kg after lightweight, and when using the KUKA KR210 robot with higher
economic benefits, the maximum load is 70 kg. The load ratio of the gripper arm reaches 1 : 1. 1, which meets the design requirements.
Thus, its high load ratio is beneficial to the high-quality production of heavy weight components.

Key words: manipulator; gripper arm; high load ratio; modular structure design; lightweight design
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Fig. 5 Schematic diagram of gripper arm structure
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Table 2 Section parameters of I-beam steel (mm)
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(a) Left clamping

LI A — e MRHE, DRSS Tk, iz
AR E

25 LT MU T IR e R s b it AR
TEF 10 SHRiER T F4NAE y ARG I AL G4 i ot
HA ATGE, (oA THREVM T RE L, ek
ESE, TR TR R
2.2 EHEREWNIEIT

R T A e KRR AT R A A T, X
TF 12530, B8, K SolidWorks H ) = 2k A5 71
SABGEEAM, & LIE R S, A
S AR 2, R HST R ST 0.05 mm, 15 2]
R R R A3 S8R 139543, BT HCl 83218,

A /mm

©

(b) Right clamping

SRJE RS SRR it fIn 2 far B 295, ) Je 4R [ o B i
TRT AN E 293, X e 08 i i 9 25 P 29 RN 3¢ 3
7R

R3 RFBEXRBHE

Table 3 Conditional constraint of gripper arm

T TS 6/N SeFFEWMAZ S F /N
@ 700 _
@ 400 1200

4
&
=

RERFPFFE LI RN =B, 45251

WK 8 s,

U
e
~.
!

SESEEESES!
[T TR Y
O,
SO
[SISISISISISN

(b)
J1/MPa

LI OOt NONI LI

NALLINO—LS
WN—GI0ORIINGY —

R AL g TEAE S

(a) TROZBE=E (b)) THOZEAE

(¢) TBOFHR I =

(d) THFN S =El

Fig. 8 Results of static analysis

(a) Deformation nephogram of condition (D

(b) Deformation nephogram of condition 2

(¢) Equivalent stress nephogram of condition (D

(d) Equivalent stress nephogram of condition @



184 B =

£ NS

i 49 5

MW 8 i LIFE W, ETHOTF, iz
70 kg T, BRARY B2 KRR LA, T3
IR 0.80 mm, e KA &AL J R Y
Hehi, B RASIEA 0.98315 mm, JefE 455000 Ty
S RAB & A AE IR [ HORn S AR A Y T o, de
KAE K 47.246 MPa; 7E TR T, JefFFIHL 40 kg
TAF, PO HAARAS L 2N T & 8a A IEAE, T
PAEBIERFRE K- Oy m AR TR 64750 B, AL 1A 8b &
PRHAHXS ST &M 0. 25 mm, JEFEF 4400 1 f RAE
SRR T OO R AL, I E RAER A BN, R
40. 138 MPa, HERGEHN S50 A4 %), AR B AR
NS GO, AR R 0 B R B AN,
B, ] RLifE— 2B X e i 25 A A TR A i
R T BT SR A TR AT, XL T
FFMEAL AT, DA IR AR LA, Dhdse/)N
FERMACER, DG5BT AR 20, 4l
PRAF 30% F11 50% S sl 1524 R anE 9 s,
Ll 11432 (0.0%10.4)

3216%(0.4~0.6)
Ll 7 557(0.621.0)

@)

(W]
IR AR
(a) PR 30% (b)) BRELRE 50%
Fig. 9 Results of topology optimization
(a) Quality retention 30%  (b) Quality retention 50%

W9 LA N, 75 ERFETH T, BT
J1 A T A B 2 B AN e R [ g e, T

A5 & /mm
1.43940 Max

3
i
i
i

O—=WANIO—N
=N
O\O\O\O\OCO\ONONO

OO

Min
VA

48
&
?l,
&
:

[T = VY= N——
CONON—=NION L
OIS 00— 00
DIANNROIN DY
AN NINO—UINO N
[ X X XX X XXX K
1 ~33-3-3-30000

FRUNRA G P32 (72T | LTS5/, A7 —E
Mfifezsiel, il Of B AN R A B nT LA Y, #hdh
DAY 322 F bR SRy e A 18 A 14 r A 3% A0 7Y S )
T, R B T 2 T ACHE 2R G [R]F, 0) H v ] X 3
PEAT— 5 AR D T

WRAEHFMIEAL A, TE SolidWorks HH X e 17 i
it TIAL, RIS R AT ERI TAE AP, R
FAL LB I T AT IS, IR 23 AT B X
S TN, R AR R A AN 10 BR

K10 g i fo/m 45

Fig. 10 Structure of gripper arm after lightweight

LI 10 TRAES, XeRe EASEmE /MY IX
B TEALINEE, XAIEANE TN T, ALt R
HR S NS R EER AN T AT, I ELX e B 2 e e
B R, N T 2 1 E T A ik
JEr AR SER B N 8. 05 kg, FRARAALATINE 17. 8%,

XA S BIR RS AT/ 1257 0, a5 R anfEl 11
i, IWE 1T T LR, HETHO, @F, Jeiff
ARG A A, SRR Sy AR B AL, fE T
MOTF, KAWL AEERR, 4 14394 mm,
FEIVE R TEE Y75 J9 1.2 mm, 3 HL# a0 Je 438
TR, 8% TN IS, B KEERN )
7 138.26 MPa, 7E T.OLQTF, JeRFi K- J7 1a) AH %t
TG R 0.39 mm, AR B B 2 AL T i
FHZER . XU T ARG AT 00, RS E
oy, FEXIEEA R Tk, SR TR R
SiAIE12FR, SRR, kR EE T T

Min

RV N Rk i

(a) THOTEZK (b) THOEE =R

(¢) TBOFHR I =F

(d) THQ%sn =K

Fig. 11 Optimized results of static analysis

(a) Deformation nephogram of condition (D

(b) Deformation nephogram of condition 2

(¢) Equivalent stress nephogram of condition (D

(d) Equivalent stress nephogram of condition @



AR

OIS . Bl A sh ik m RS TR R LR Ak 185
O BT OHAE
O BR1RE & ”"
955 LT TR R AR - —
I?%:E%f? 1300 ) o7 5/
HEER BRI
SR E=75.463F 3% —
R E=10646427.138 LT K
R=2454399.164°F- 5 B
H: (EH)
X=-1.407
Y=-1386
Z=277550
AR A 3 (TR PR
L 0 003 -0.008,1.000, Px1723466.520
1y—§ 21.000,-0; oosg Py=4618476.029
1z-(1.000,0.009,0.003) e e
Ll STHG AR E-7 9]
I EOPSE, I EHX A MR R .
Lxx=5725619.183 Lxy=-9739.605  Lxz=-12657.095
Lyx=-9739.605  Lyy=4618373.455 Lyz—-23511.890
Lzx=-12657.095 Lzy=-23511.890  Lzz=1723697.010
KR : (T axF i 2EX)
ER) T
Ixx=11538978.835 Ixy=-9592.406 Ixz=-42131.510
lyx=-9502.406  lyy=10431737.560 lyz=-52543.892 |
1zx=42131.510  Izy=-52543892  1zz=1723991.442 |
—AREANAZHHAGERRE:
536351 ADN 80 125 A PA____ 0_
K12 HUTF4HRE
Fig. 12 Schematic diagram of mampulator structure
EL AL Sh A
Bafeisit, RS RIRBTEA 75.5 kgo PriGol, K HBHCA E KUKALoad #4013 & 147

3 Ml AREARM

LR TR R, BE T IR AL T

Bk,

KUKALoad ] ALE 73 A7 ik iy A %5 7 9 % 9 28k
Bl , wEpR, FrE .MM, P AR

TR SRS M S A R BATAG A, DUER A LS A

MZSFRE Y, el E T HL TR R . o A
BER R SESR, 7 A G IENL T i TR 5

Nz ERE 12,

T A, [FEHA AT LU Bk 22 ANl 09 PR 67
#Hordr, HFEmEE 13 iR,

Bl AR ik vy KR 210R2700-2
il RS pel y
KR C5 v KR 120 R2100 nano F exclusive
KR 120 R2700-2

HLYR LR [V] KR 120 R3100-2

LRI KR 140 R3200-2 PA A
gt  Ban B 160 11002 al

cara nano |
@ UM A B Delta | | 13 190 R2100 e # exclusive A3
O MEELNBEA KR 180 R2900-2 A4 |
F F ¥ Bl [mm] ﬁ }$ ;’,ﬁj ? A5
o ® asw | wzomme As | _
HLA AR SRS T O Bl A L
RBR HRELERG BE BE R
AR B A M TR B

Ji Bt [ke) WRAEE A6

m 210

ol [mm] A3

Lx 0 Ly 0 Lz 0 A2 |

4k [kegm?] ©

x 0 Iy 0 Iz 0 Al |

Kl 13 KUKALoad B F-&
Fig. 13 Simulation platform of KUKALoad

WK 13 s, P KR210 Ales A, FF48% T4
VEESY S E S VA W= &1L N i )

FILZPULA (0, 0, 0),

145.9 kg, HA T RN 70.4 ke, RPN T%
153 B P T2 (A 25 1y T



186 B

koK

i 49 %

LR (30.95, =2.96, 560.89), ¥ bR S % F115R
Phak L[ A S A6 HhEA S0

P 12 B AR bR R A 2 A TR S AL
e AL 14 Fros . AR 14 el DUE 3
FEERE KR210 HLES AAEOL T, ML 19 5 K i 2k g
IKE] 70 kg, ATLARN X TS o B rp i B Ko
W HUR TR R E L 10 1,07,

HLER A A1~ A6 Bl Sh SR BME 15 i, M
K15l IE S, HURT7ES K48 70 kg B, A3
e R I/, TE 40% 24T, TRERES KA A1 B
(R B0 T R TE 60% 2247, ML AT LULERFR AR 22 42 1
T AT TAE, BLIK T 28 % i 19 A 6 il 1 17 7o 6

100

600
500
400

L,,/mm

200

100 | \
Ha

: . Al
0 100 200 300 400 500

L,/mm

[ 14 KUKALoad f#k
Fig. 14 Load diagram of KUKALoad
FE 55% , JF HAA e 7 R b ok BB 80y
oL, AR REIR BB AT

URHED

AL L 100%
A2 100%
A3 100%
A4 100%
A5 100%
A6 100%

A5

50 J] | I
0
Al A2 A3 A4
i

(@)

A6

(b)

E 15 Hlas A& s SRR

(a) RS AR

(b) AL R K

Fig. 15 Dynamic performance of each axis for robot

(a) Load rate of each shaft
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