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Introduction: Concentric tube robots (CTRs) are ideally suited for minimally-invasive surgical procedures 
through small orifices, and the small size and enhanced dexterity of CTRs, in comparison to standard, rigid 
endoscopic tools, enables these new surgical approaches. One example is the ability to deploy two dexterous arms 
during nueroendoscopy [1]. One important aspect of clinical feasibility of CTRs is sterility. Here, we propose a 
compact robot with a disposable transmission designed to meet sterilization requirements of the operating room. 
The design includes a disposable transmission with reusable, modular motor packs. We also propose a novel 
technique for grasping CTR tubes within the transmission, based on compressed rubber rings.  
Materials and Methods: The actuation unit consists of a reusable, encapsulated motor pack and a disposable 
transmission mechanism. Each tube is mounted inside a bi-directional gear (Fig. 1A) (PA12, sPro 140, 3D 
Systems) previously introduced in [2], with each gear inserted into a cylindrical housing (Fig. 1B) (PLA, 
Ultimaker 2+) such that the gear can rotate and translate. The housing facilitates a spur gear interface for the 
motor packs to connect to, enabling simultaneous control of the axial tube translation and rotation. Each motor 
pack can be snapped onto the transmission body. The concentric tubes are clamped to the bi-directional gear using 
O-rings (3 for the 3mm diameter tube and 6 for the 1.58mm diameter tube).  
Results and Discussion: The functional prototype used 2 stepper motors (28BYJ-48, Elegoo) connected to an 
Arduino Uno for each motor pack. Independent joint-level position control of the robot was regulated by two 
joystick controllers. The maximum holding force on the tubes from the O-ring clamp was measured to be ~60N 
for the 3mm diameter tube and ~60N for the 1.58mm diameter tube. 
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Figure 1A Gear interface between the snap on motor pack and the bi-directional gear. The O-ring clamp module is tightened 
by steel bolts. 1B 2 tube functional prototype with snap-on motor packs. 1C A curved concentric tube at two different joint 
configurations.  
 
Conclusions:  Initial benchtop experiments show that the design enables desired movements of the concentric 
tubes. Future studies will measure the backlash and precision of the system and compare these results to surgical 
requirements. 
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One important aspect of clinical feasibility of 
concentric tube robots (CTRs) is sterility. Our 
design goals:
• Disposable transmission designed to 

meet sterilization requirements of the 
operating room

• Reusable, modular motor packs
• Novel technique for grasping CTR tubes 

within the transmission, based on 
compressed rubber rings.

• Enables new endoscopic surgeries by 
providing robotic arms with smaller size and 
greater dexterity than traditional endoscopic 
tools

• Each tube required axial rotation and 
translation to operate 

• A second arm can be deployed for increased 
dexterity seen in [1]

• Waffle gear previously implemented in CTR
actuation in [2] in a handheld robot. 

• Can be manufactured from disposable 
materials using 3D printing or plastic 
injection molding

Robot Design Overview: 
• The waffle gear capsule has cylindrical end caps that 

slide inside of a capsule housing. 
• Capsule housing contains geometry that mates with the 

snap on motor packs, gear train, and other concentric 
tube capsules

• Waffle gear material: PA12, sPro 140, 3D Systems 
• Cylindrical housing material: PLA, Ultimaker 2+

• Compressed rubber rings grasp each concentric 
tube at each end cap

• Replaces Dremel collet and adhesive approach

Backlash (BL) Analysis: 
• BL within the gear train causes inaccuracies 

between the motor input and the concentric tube 
output 

• Optical encoders (Rotational: U.S. Digital E4T-
120-197-S-H-D-2 Linear: EM1-0-127-I) attached 
to a concentric tube recorded position data

Load limit of o-ring clamps: 
• The minimum force a CTR tube clamp should 

withstand is about 5N
• Two o-ring clamps were rigged to hold onto a 

tube while being under an external load produced 
by a bucket filled with various amounts of water

• The maximum force this setup withstand is about 
52.9 ± 0.6 N. 

Trajectory Following: 
• Two 28BYJ stepper motors controlled by an 

Arduino Uno microcontroller actuated the waffle 
gear transmission 

Direction Average BL Standard Dev
Radial (deg) 4.5 1.87

Axial (in) 0.018 0.0026

Conclusions
• Proved feasibility of fully additively 

manufactured CTR transmission unit
• Validated prior results of waffle gear actuation 
• O-ring force holding far exceeded design 

requirements 
Future Work
• Pre-curved nitinol tube targeting experiments to 

determine accuracy 
• Fully developed two arm design for more 

complex tasks 
• Optimize material selection for clinical feasibility 
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