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Abstract:  

WORK related Muskoskeletal disorders (WMSDs) undermine safety and wellness of workers and companies productivity. Annually, there is a growing impact of WMSDs due to the 
ageing working class, that is more likely to develop a WMSDs for working longer in physical wearing tasks (e.g. manual material handling, over-head assembly and un-ergonomic 
static postures). Ergonomics guidelines are a mitigation strategy to reduce the risk of injury and often results in limitations of weights or task frequencies. Industrial automation is a 
viable solution to address the problem and relieve the strain from the workers. However, unstructured workplaces, high costs, failsafe plans to ensure continuous availability of the 
services and social consequences do not encourage investing in high-level automation. Occupational wearable robots rise as a feasible alternative solution to address WMSDs. 
Wearable assistive robots, or exoskeletons, can be regarded as a parallel kinematic chain secured to the biological kinematic chain (limbs and articulations) of the users. The scope 
of an exoskeleton is to unload biological joints from physical overload (or stress) resulting from repetitive and un-ergonomic tasks. Nevertheless, adoption from the endusers 
(workers) is low. A key factor to improve acceptability is to improve ergonomics of the wearable assistive robots designed for industrial tasks (hereinafter referred to as 
occupational exoskeletons). Exoskeletons’ ergonomic can be affected by these factors: (i) modalities of assistive force delivery, (ii) body segments where assistance is unloaded and 
(iii) hindrance to users’ movements. All these three effects are mostly part of the physical attachments’ domain. In this thesis, we refer as physical attachments to any cuffs, braces, 
garments or harnesses that secure exoskeletons to user’s limbs. The state-of-the-art physical attachments relies on design from orthotic devices, protective or sport equipment. 
However, those designs fail to satisfy both freedom of movement and a secure fit on all movements. In fact, subjects often report slippage of the attachments, excessive pressure 
on limbs or sores. These negative effects can be ascribed to unpredicted constraint forces F and torques T at the attachments. The shear components of force F loosen the 
attachments and can create sores on the skin. While torque T and normal components of F negatively affects assistive force transmission, freedom of movement and the 
attachments’ ergonomics. Therefore, occupational exoskeletons can I not deliver assistance forces efficiently while permitting complete freedom of movement to their users. To 
this end, the overall aim of this thesis is to investigate the influence of physical attachment’s design on occupational exoskeletons physical ergonomics, as a matter of physical 
comfort, and force ransmission efficiency. As a pilot application, in this thesis is presented the ergonomic design of braces for XoTrunk, an occupational lower-back support 
exoskeleton. Such approach can have positive effects to promote acceptance and, consequently, dropping the incidence of WMSDs on an ageing working population. All the 
developed simulations and survey tools are tested on different prototypes of the attachments for a back-support exoskeleton in the scope of the sponsored project IIT-INAIL 
"Sistemi Cibernetici Collaborativi". Indeed, this project supports the further development of active occupational exoskeletons to address the problem of WMSDs at the lower-back 
and at the shoulders. In addition, this project supports pilot field application and collaboration with several stakeholders (i.e. RSPP, companies and employees) to promote 
exoskeletons as new tools for enhancing workers’ safety and wellness. 


