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Abstract. Replacing traditional gantry manipulators with truss-cantilever manipulators can not only simplify
the mechanical structure and facilitate lightweight design but also reduce the space occupied by the
mechanism. This paper analyzes the structure and working principle of the manipulator and its application in
loading and unloading processes. Mechanisms such as gear racks, guide rail sliders, and negative pressure
suction cups are employed in the scheme design and simulation of the manipulator structure. The manipulator
is designed with an array of suction cups as the end effector, which helps minimize damage to pharmaceutical
packaging and improves grasping stability.
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Figure 2. Structural Modeling
of the Manipulator
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Figure 4. Structural
Modeling of the Negative
Pressure Suction Cup

Grand Altai Research & Education Hayxa u o6paszopanue boapmoro Aaraa
Beimyck 2 (25)'2025 10.25712/ASTU.2410-485X.2025.02 105



CereBoe nspanue Cosera pekropoB By30B boabmioro Aaras

3 BRI

ARt H1 Kk solidworks # HJ simulation #&i443E47, 18 FH simulation #E4T
HIRTC T B EAEED T ARG, W AEL, 3\ simulation #57
B, s Bk Bl e J LA, PR e B ) LART ARk ] 5 ) T B S 4%
T, P s T A An, N UAAT 452 J1 0 B RN FEAE T LT AR HR e 652 7 THI[5].

31K R

WP S B, TR S, R R TRAS, 00 IR AR
(115 R, AT RER A Q235 WA, 111 simulation LI/ 75 BT
$i1, 752 B VR 42 0K/, A WIS XRG4 AT 8, PR AR B, 71
W RIGT R, B, S LRI T B R A

B 5 Hr 2852 7 i KL 1
Figure 5. Top View of Truss
Load-Bearing Surface

X M7 22458 F simulation A FR G/ #1521 45 S an i 6 A1 7 Aras. B R 2
AR, FEAR AT N 516N IVER R, M 20K 52 i KN 718 2.93MPa, ik T
Q235 TN I JE ISR 220MPa, W% 4558 120 Fa e .

URES (mm)
2922e-02
l 2.67%e-02
‘ m ’ 2197602 o -
ud - oo 1 6 Hr i

— i Figure 6. Static Stress

” P Diagram of the Truss
- 7.305¢-C:
I ;.’JWX*JE

Grand Altai Research & Education Hayxa u o6paszopanne boapmoro Aataa

Beimyck 2 (25)'2025 10.25712/ASTU.2410-485X.2025.02 106



CereBoe nspanue Cosera pekropoB By30B boabmioro Aaras

' 9.284e-06
- ﬁ!ﬁl:-
[ 7 MR
il Figure 7. Truss Strain
L 387008 .
Diagram

2323006

3.2 BB Rt

TENURF RIS B Th A, B o5 M 1 NI B R i B B 4 e i) HL 18 Bl R B AR
&M, 18 A solidworks [¥) simulation 347 R 767 #1 A DAL AL A 45 44, J8 it
FEBETH RN a8 FE AN AL 1Y 1) @, 5 e B AL ], B MM R AT iEFE 6061-T6 45
a8

Y HhEE A 7 WIFRREE N E E, RmBAT YU E = DL AR SN A S
HE R M. HIRITONTIRAESENIE, #if 3 TR (HE) Ayl F
SENLAGRE, X 5m B HEAT PPRAN, R 7742 15 8k ARk e IR 5 B, ke S i oy T 2
i o3 A 4 R B R & S At

H A B T4 M 45 SR mT 40, 7E AN AT 400N /EF N, M2k 2 KN 1A
0.32MPa, kT 6061-T6 55 &I ARGEE 275MPa, HUZ 45 M E 1/ Fa e,
WME R &8 N E LR K AR RS 7 SRS e, b ASZ Z M
F B E B SPATHIN B B R YR EE.

ERETRERN ST - BHA
ERS R BRRy 0 TIREA B
LR 30

won Mises (N/m"2)
32078+l
l 2,54 0o+
L 2:673et
- 2405+

. 2.138e+

L 1e0det
L 1.336e+
L 1.06%e+

05
05
o5
05
05
. 187 1e+05
05
o5
05
_ BD12a+04

04

5.345e+
2673+
6.254e-08

—p FIET: 2750808
Kl 8 BN T
Figure 8. Static Stress Diagram of a Cantilever
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Figure 9. Cantilever Displacement Diagram
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Figure 10. Setup of a Motion Analysis
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