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ABSTRACT 

Space debris problem has been attracting attention as one of the problems that must be solved for sustainable space 

development. A large number of debris object larger than 10cm are tracked, and larger number of small debris of 

size less than 1cm are estimated to exist. Considering the velocity of the debris on orbit, those small debris objects 

are difficult to avoid or shield against, but collision with large sized debris must be avoided to prevent producing 

more massive number of small sized debris object. Many simulations showed that Active Debris Removal (ADR) is 

one of the key elements to prevent producing the small sized debris and stabilizes the future space environment. To 

realize ADR mission, debris gripper that can capture the debris object on orbit is essential. 

The upper stage of the rocket is focused as the target of ADR in our case, since removal of such large object is 

effective to keep space environment. However, this object’s structure is not suitably designed to be grasped on orbit. 

And most of debris objects are not capable of being controlled. Therefore, debris gripper should be capable of 

capturing uncooperative object. This makes capturing on orbit extremely difficult. Since the position and attitude 

errors of the ADR spacecraft cannot be eliminated, the gripper should be able to capture even if position and attitude 

errors existing. In addition, because the contact dynamics between the debris and the gripper cannot be estimated, 

the gripper should have robustness to the contact dynamics. In case of capturing failure, the target could be pushed 

away and may produce new space debris. As the translational velocity and angular velocity can not be eliminated as 

well, faster actuation mechanism is required for debris gripper. The debris gripper that can solve these problems is 

required. 

Payload Adapter Fitting (PAF), that is a mechanical interface between the rocket and the satellites is selected as a 

grasping point of the rocket upper body. This is because its structure has sufficient strength to be grasped and is 

easily approachable that there are no other obstacles, such as thermal blankets or electronic components around PAF. 

The debris gripper for PAF capturing that satisfies the requirements written above is proposed. This gripper consists 

of 3 extendable arms with V shaped structure. The gripper squeezes extending these arms inside the PAF. This 

capturing method realized caging-based technique and form closure holding. Caging refers to creating a geometrical 

enclosure around the target without making contact, 

meaning the gripper can avoid pushing target away 

before contact, even if position and attitude errors exist. 

Form closure is the holding method to hold the object 

with geometrical constraint, without being affected by 

contact dynamics. Tendon driven actuation is selected so 

that this actuation can realize long extensional ratio, 

light-weighted design and fast actuation. Current 

controlled motor is used to actuate this mechanism. 

In this paper, concept and design of the debris gripper 

that can capture PAF is proposed. Detailed actuation and 

mechanism design to realize this gripper is described. 

BBM is developed, as shown in Fig. 1, and experiments 

were carried out to verify its actuation mechanism. 

 
Fig. 1.  Image of the developed Debris Gripper BBM. 
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