
Global Journal of Translational Science and Integrated Technologies

www.mkscienceset.com Glo J of Tran Sci & Int Tec 2026

Research Article

Design and Principal Analysis of Automated Multi-Specification Target Pneu-
matic Rabbit System for Isotope Production Line 
J.J. Bao1*, J.Y. Liu2, Z. Liu3, T.J. Zhang4, C.Y. Liu5 & P.F. Zhang6

*Corresponding author: J.J. Bao, China Institute of Atomic Energy, Beijing 102413, China.

Submitted: 13 January 2026   Accepted: 23 January 2026    Published: 29 January 2026

Citation: Bao, J. J., Liu, J. Y., Liu, Z., Zhang, T. J., Liu, C. Y., & Zhang, P. F. (2026). Design and Principal Analysis of Automated Multi-Specification 
Target Pneumatic Rabbit System for Isotope Production Line. Glo J Tran Sci & Int Tec, 2(1), 01-05.

Page No: 01

1China Institute of Atomic Energy, Beijing 102413, China 
2Chengdu Cyclotron Science and Technology Co, Ltd, China  
3CNNC Engineering Research Center of Accelerators, Beijing, China

Abstract 
In medical isotope production, target materials for different isotopes exhibit significantly different phys-ical 
properties. To improve nuclear reaction yield and efficiency, target structures of various specifications are re-
quired to produce different radioisotopes. However, multi-specification targets hinder automat-ed production 
and increase on-site operation time. To reduce personnel radiation exposure risk in high-radiation environ-
ments, enhance rabbit system auto-mation, and improve target specification universality, this study designs a 
complete automated multi-specification pneumatic rabbit system. A dual-specification target rabbit box is de-
signed using a multi-gear buckle device. Segmented pneumatic transmission simulations verify system design 
ration-ality, and pipeline parameters and control processes are determined. The system enables bidirectional 
pneumatic transmission, precise positioning, and automated operation, providing a new solution for safe and 
efficient medical radionuclide production. 

Keywords: 50 MeV, Beam Transport Line, Large Spot, High Uniformity, Scanning Magnet.

Introduction
Medical radionuclides are irreplaceable in nuclear medicine di-
agnosis and treatment. Cyclotron solid target technology is a key 
platform for national stra-tegic research in nuclear medicine, life 
sciences, and related fields. Per the Medium- and Long-Term 
De-velopment Plan for Medical Isotopes (2021-2035), the na-
tional strategic significance of developing key medical radionu-
clides like Zr-89 is increasingly prominent [1].

As one of the most widely used equipment for com-mercial 
medical isotope raw material production, multi-particle super-
conducting cyclotrons can pro-duce multiple medical isotopes 
[2]. The significant differences in physical properties of various 
medical isotopes require different target structure designs and 
fixing methods for different radionuclide production, necessi-
tating targets with different sizes and shapes [3]. Additionally, 
in actual production, to meet auto-mated target loading require-
ments, specific front-back orientation of targets must be ensured 
when entering the target chamber. Therefore, a target ori-enta-
tion identification system needs to be configured after targets 

enter the irradiation station. To achieve flexible production of 
multiple radionuclides and adapt to different irradiation process 
parameters, it is urgent to develop a pneumatic rabbit transmis-
sion system capable of automatically identifying and ad-justing 
the posture of multi-specification targets in loading-unloading 
devices [4, 5].

In medical radionuclide production, the pneumatic rabbit system 
connects the cyclotron irradiation sta-tion and hot cell, respon-
sible for fast, safe transmis-sion of solid targets pre- and post-ir-
radiation. Pneu-matic rabbit systems have been widely applied 
across multiple fields: in reactors for rapid sample irradia-tion 
and neutron activation analysis, with the Munich Research Reac-
tor's automated system having operat-ed successfully for years; 
in modern hospitals for transporting blood samples and pharma-
ceuticals; in industrial laboratories for rapid quality control sam-
ple testing; and in the mining industry for transport-ing ore and 
waste materials, where the pneumatic capsule pipeline system 
at Japan's Karasawa Lime-stone Mine has transported over 62 
million tons of limestone since its commissioning in 1980[6,7]. 
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These applications fully demonstrate the unique ad-vantages of 
pneumatic transmission technology [8].

Existing rabbit systems have three key limitations:
1.	 Poor target specification adaptability—traditional rabbit 

boxes only carry single-specification targets, limitng pro-
duction flexibility;

2.	 Low automation—manual loading is common in China, 
reducing efficiency and increasing radiation exposure risk;

3.	 Lack of automatic identification, preventing recognition of 
different-specification targets.

To address these issues, this study designs an auto-mated 

multi-specification rabbit system capable of automated trans-
mission, automatic identification, and automated operation of 
multi-specification targets, providing a new solution for safe and 
efficient medi-cal isotope production.

Design of The Rabbit System
System Scheme
The system mainly comprises an air supply system, hot cell end 
interface, irradiation station end inter-face, transmission pipe-
line system, rabbit box, and automatic control system. The rabbit 
pipeline is de-signed per irradiation station/hot cell layout (see 
Fig. 1).

Figure 1: Pipeline Layout Diagram.

Key Component Design
Rabbit Box Design
As the core carrier container of the transmission system, the 
rabbit box can transport targets of dif-ferent specifications. The 
rabbit box structure is shown in Figure 2(see Fig. 2). The rabbit 
box adopts a tubular box structure with dimensions of φ47m-
m×63mm; made of aluminum; its upper end is closed, and 
the lower end is equipped with a magnetically attached open-
ing-closing cover; the box wall thickness design ensures ade-
quate struc-tural strength under pneumatic transmission pres-
sure; an annular groove is set in the middle section of the box 
body to facilitate reliable clamping by external clamping devic-
es. The magnetically at-tached opening-closing cover connects 
to the box body via magnetic strips; the magnetic force design 
ensures reliable sealing during transmission while facilitating 
automated operation.

A push-pull drawer mechanism is installed inside the rabbit box. 
The main body of this structure is a high-strength rectangular 
support plate. Its push-pull direction is set along the axial direc-

tion of the rabbit box; buckle grooves can be set on both the front 
and back of the middle support plate to fix different-specification 
targets, achieving multi-specification design. The multi-gear 
buckle device allows the front and back of the middle support 
plate to be configured with same or different speci-fication buck-
le grooves as needed, capable of fixing multiple small targets.

For precise positioning and automatic identification, the system 
adopts a reflective optical positioning scheme. Corner reflectors 
for large and small tar-gets are installed at 180-degree symmet-
ric positions on both sides of the high-strength rectangular sup-
port plate. A laser ranging sensor fixedly installed at the irradia-
tion station end emits laser pulses that reflect back via the corner 
reflectors, calculating the support plate rotation position by 
analyzing reflec-tion signal time and intensity. The sensor con-
tinu-ously scans during drawer extraction, and when the corner 
reflector enters the scanning range, the con-trol system rotates 
the drawer to the optimal grasp-ing angle and sends positioning 
completion signals to the robotic arm.

Figure 2: Rabbit Box Structure Diagram.

Pneumatic Transmission Simulation and Pipeline Design
Computational Fluid Dynamics (CFD) is used for hydrodynam-
ic analysis of key transmission segments. Three-dimensional 
simulation models of the rabbit box in horizontal, vertical, and 
turning pipeline segments are established. The inlet is set with 
an air velocity of 15 m/s, and the outlet adopts pressure outlet 
boundary conditions.

To ensure continuous and stable transmission of the rabbit box, 
the system working air velocity must be greater than the critical 
transmission velocity. According to gas-solid two-phase flow 
theory, the critical transmission velocity can be calculated by 
Formula 1 [7].

                                                                    (1)
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After calculation, the system design inlet air velocity of 15 m/s 
is greater than the critical air velocity and meets transmission 
requirements.

To determine the optimal gap between the rabbit box and pipe-
line, simulations were conducted for three unilateral gaps: 
1.7mm, 2.0mm, and 2.3mm (see Fig. 3). Results show that 
smaller gaps produce greater acceleration, but excessively small 
gaps increase processing difficulty. Considering transmission ef-
ficiency and manufacturing cost comprehensively, a unilateral 
gap of 2.0mm was determined. Under this parameter, the rabbit 
box can accelerate to 5 m/s in horizontal segments, and although 
vertical segments need to overcome self-weight, transmission is 
smooth.

Pipeline Wall Thickness Design: According to ASME B31.3 
standard, pipeline wall thickness is calculated by Formula 2.
                                                                        (2)
The calculated theoretical wall thickness is 2.1mm. Consider-

ing safety factor and standard pipe specifications, φ57mm×3mm 
stainless steel seamless pipe is selected.

Bend Radius Design: According to rabbit box dimensions 
and referencing pipeline engineering experience, the minimum 
bending radius for rigid carriers is typically 2-2.5 times the pipe 
outer diameter. Pneumatic conveying research indicates that 
within an R/D ratio range of 4.5-20, larger ratios help reduce 
pressure drop and wear. Comprehensively considering geomet-
ric constraints and transmission performance, a pipeline bend 
radius of R=600mm is selected. CFD simulation verification 
shows that under this bend radius, the rabbit box can smoothly 
pass through bent pipe segments, and pressure drop and velocity 
distribution meet requirements [8].

The actual system total transmission distance is approximately 
15m, with a unilateral gap of 2.0mm between pipeline and rabbit 
box. Both straight and bent pipe segments use φ57mm×3mm 
stainless steel pipe, with bent segment bend radius R≥600mm.

Figure 3: Gap Simulation Comparison.

Hot Cell End and Irradiation Station End Load-ing-Unload-
ing Device Design
The structures of the hot cell end and irradiation station end 
loading-unloading devices are basically identical, mainly con-
sisting of a loader mechanism, lifting platform mechanism, cyl-
inder clamping-rotating mechanism, and side clamping mecha-
nism. The loader mechanism comprises a lifting cylinder, lower 
flange, sealing ring, guide shaft, upper flange, loading pipe, and 
other components. The rabbit box is placed on the lower flange, 
and after the cylinder rises, a sealed cavity is formed. Com-
pressed air is introduced to push the rabbit box into the pipeline 
for transmission.

The lifting platform mechanism adopts a motor-driven precision 
lifting mechanism capable of pre-cise vertical positioning of the 
rabbit box. The lift-ing platform stroke is designed based on op-
erational requirements. The cylinder clamping-rotating mecha-
nism is integrally mounted on the lifting platform mechanism, 
including clamping compo-nents and rotation drive mechanism, 
used to clamp the rabbit box cover and achieve precise position-
ing of different-specification targets through rotation. Its rotation 
angle can be precisely controlled.

The side clamping mechanism is positioned outside the loader. 
When the lifting platform descends to align the rabbit box mid-
dle annular groove with the external clamping mechanism, the 
clamping mech-anism automatically clamps the middle annular 
groove of the rabbit box to fix the rabbit box shell, ensuring that 

when the lifting platform continues descending, the magnetical-
ly attached opening-closing cover can smoothly separate from 
the rabbit box shell, and the drawer mechanism is reliably pulled 
out.

Pneumatic Circuit Design
The pneumatic circuit adopts bidirectional control to achieve 
rabbit box reciprocating transmission. Compressed air is sup-
plied by an air compressor, stabilized to 0.3MPa through an 
air storage tank, and enters the transmission pipeline after ad-
just-ment by a pressure reducing valve. The pneumatic control 
system is shown in Figure 4(see Fig. 4).

Forward Transmission Process: After the PLC re-ceives in-
structions and detects pipeline status, it controls the hot cell end 
electromagnetic direction-al valve to switch to the working posi-
tion for air supply, while the irradiation station end electro-mag-
netic valve synchronously switches to the ex-haust position. The 
speed control valve regulates airflow to maintain stable trans-
mission. After the position sensor monitors the rabbit box arrival 
at the irradiation station end, the PLC closes the hot cell end 
electromagnetic valve to complete trans-mission.

Reverse Transmission Process: The irradiation sta-tion end 
electromagnetic valve switches to the working position for air 
supply, while the hot cell end switches to the exhaust position. 
The PLC automatically completes control switching based on 
position feedback. The exhaust end is equipped with silencers 
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to reduce noise. Pneumatic pipelines use PU material, and pneu-
matic components use aluminum alloy material.

Figure 4: Pneumatic Control Diagram.

Control Process Design
Automatic Control System Design
The automatic control system uses a Programmable Logic Con-
troller (PLC) to achieve automated rabbit box conveying oper-
ations, integrating sensor detec-tion, pneumatic transmission 
control, and other func-tional modules.

The system adopts a dual-layer clamping strategy: the cylinder 
clamping-rotating mechanism clamps the magnetically attached 
opening-closing cover at the bottom of the rabbit box. When the 
lifting plat-form descends to align the rabbit box middle annular 
groove with the side clamping mechanism, the side clamping 
mechanism automatically clamps the annu-lar groove to fix the 
box shell. The lifting platform continues descending, pulling 
down the magnetically attached opening-closing cover through 
the cylinder clamping mechanism to pull out the drawer-type 
target support structure from the tubular box.

After the drawer mechanism is fully pulled out, the cylinder ro-
tating mechanism initiates rotation. The PLC selects the corre-
sponding position sensor based on the preset target type signal 
and monitors rotation angle in real time. When the target rotates 
to the optimal grasping angle for the robotic arm, it sends a posi-
tioning completion signal to the PLC. The rotat-ing mechanism 
stops and locks. After the system verifies the sensor signal to 
ensure precise target alignment, it sends coordinate information 
to the robotic arm to complete automatic grasping.

Additionally, the system has position detection, air-flow regula-
tion, historical data recording, fault alarm, and other functions. 
All operations have pre-set conditions and interlocked actions to 
ensure safe-ty.

Irradiation Station End Working Process
Example: Irradiation station end receives a large Zr-89 target:  
Reception: Load the large target at the hot cell end—send tar-
get type signal to the PLC (records signal and selects rotation 
positioning sensor type). Pneumatically transport the box to the 
irradiation station end’s lifting platform; 
Clamping: The lifting platform’s cylinder clamping-rotating 
mechanism clamps the box’s lower magneti-cally attached cov-
er; 
First descent: The platform descends to align the box’s annu-
lar groove with the external clamp—external clamp clamps the 
groove; 
Separation: The platform continues descending, separating the 
cover from the box shell; pull out the drawer; 

Positioning: The platform descends to a preset posi-tion (ex-
poses the entire target). The drawer bottom locks with the box 
shell—platform stops; 
Rotation Positioning: The clamping-rotating mech-anism 
drives drawer rotation. The PLC activates the large-target sensor 
(per recorded signal). When the tar-get rotates to face the robotic 
arm, the sensor sends a positioning signal—rotation stops; 
Precise Positioning: Reconfirm sensor signal to ensure target 
alignment with retrieval position; 
Automatic Retrieval: Robotic arm retrieves the target per sen-
sor feedback; 
Return: Reverse operation for box transmission from irradia-
tion station to hot cell.

Small Target Loading Process
The process is identical to large targets, except for reception and 
rotation positioning stages. Multiple small targets can be loaded 
simultaneously; the small-target sensor enables sequential pre-
cise posi-tioning and retrieval.

Conclusion
This study designs a multi-gear buckle device for dual-specifi-
cation target transmission in the automat-ed multi-specification 
pneumatic rabbit system. Combining the magnetically attached 
cover with the lifting platform and cylinder clamping-rotating 
mechanism achieves automatic target identification and precise 
positioning. Formula calculation and CFD simulations verify 
pneumatic transmission fea-sibility, and pipeline parameters/
control strategies are determined. 

The system enables bidirectional pneumatic trans-mission, 
multi-specification automatic identification, and precise posi-
tioning. It improves automation and target universality, reduces 
personnel radiation expo-sure, and meets safety/efficiency re-
quirements for mass production of medical radionuclides like 
Zr-89.

References
1.	 Holland, J. P., Sheh, Y., & Lewis, J. S. (2009). Standardized 

methods for the production of high specific-activity zir-co-
nium-89. Nuclear Medicine and Biol-ogy, 36(7), 729–739. 
https://doi.org/10.1016/j.nucmedbio.2009.05.007

2.	 Barnes, C. W., Murphy, T. J., & Oertel, J. A. (2001). High-
yield neutron activa-tion system for the National Ignition 
Facility. Review of Scientific Instru-ments, 72(1), 818–821. 
https://doi.org/10.1063/1.1319357

3.	 Ding, X., Wen, X., Wang, L (2021). Ef-fects of a pneu-



 

www.mkscienceset.comPage No: 05 Glo J of Tran Sci & Int Tec 2026

matic tube system on the hemolysis of blood samples: A 
PRIS-MA-compliant meta-analysis. Scandi-navian Journal 
of Clinical and Labora-tory Investigation, 81(5), 343–352. 
https://doi.org/10.1080/00365513.2021.1930140

4.	 Kapoula, G. V., Kontou, P. I., & Bagos, P. G. (2017). The 
impact of pneumatic tube system on routine laboratory 
pa-rameters: A systematic review and me-ta-analysis. Clin-
ical Chemistry and La-boratory Medicine, 55(12), 1834–
1844. https://doi.org/10.1515/cclm-2017-0008

5.	 Liu, H., & Lenau, C. W. (2005). An electromagnetic pneu-
mo capsule system for conveying minerals and mine wastes. 
Freight Pipeline Company. https://doi.org/10.2172/840416

6.	 Zweit, J., Downey, S., & Sharma, H. L. (1991). Production 
of no-carrier-added zirconium-89 for positron emission 

to-mography. International Journal of Ra-diation Applica-
tions and Instrumenta-tion. Part A. Applied Radiation and 
Iso-topes, 42(2), 199–201. https://doi.org/10.1016/0883-
2889(91)90074-B

7.	 Wu, B. H., Lin, D. B., Lu, H. F., Guo, X. L., & Liu, H. F. 
(2024). Pipe pressure drop and carrier transport character-
is-tics of vertical pneumatic capsule pipe-line system. CIESC 
Journal, 75(7), 2465–2473. https://doi.org/10.11949/0438-
1157.20240373

8.	 Tripathi, N. M., Kalman, H., & Levy, A. (2019). Experi-
mental analysis of veloci-ty reduction in bends related to 
vertical pipes in dilute phase pneumatic convey-ing. Pow-
der Technology, 345, 190–202. https://doi.org/10.1016/j.
powtec.2019.01.001

Copyright: ©2026 J.J. Bao, et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits 
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.


