[bookmark: _GoBack]Design and Implementation of Fitness Equipment for the Elderly (Parallel Bar Training Device)
I. Core Design Concept of the Product
As people age, older adults often experience declining physical mobility and reduced balance, while also developing heightened safety awareness during exercise. To address these specific needs, we have developed a multi-position parallel bar training system. Its core design philosophy integrates three key elements: safety support, scientifically designed workouts, and intelligent monitoring. Below is a detailed breakdown of the equipments key features:
1. Physical rehabilitation training: This training device provides elderly individuals with safe assistance for basic activities such as standing, walking, and leg lifting through its parallel bar structure. These exercises effectively enhance lower limb strength and balance, helping them perform daily life tasks more effectively.
2. Smart Exercise Monitoring: The device features a high-definition display that shows real-time metrics like workout duration, repetitions, and heart rate. It also includes voice alerts—such as when heart rate goes up: "Your heart rate is elevated. Adjust your pace accordingly." This smart monitoring system not only helps seniors exercise scientifically but also ensures their safety during workouts.
3. Aging-Friendly Design Enhancements: To further reduce fall risks for seniors during use, we have implemented multiple age-friendly features. For instance, the anti-slip handrails provide a secure grip, while the adjustable pedal height accommodates different user heights. The emergency call button ensures prompt assistance in emergencies. These thoughtful optimizations significantly improve comfort and safety for elderly users of the training device.[image: ]
II. Material List and Selection Instructions
To ensure the durability, safety, and comfort of the equipment, we have carefully selected the following materials and provided detailed specifications for each component:
	component
	material
	Selection rationale

	main support column
	Preserved solid wood (e.g., oak/nutwood) with a steel core (Q235 carbon steel)
	The solid wood features a warm, smooth texture with anti-slip properties, perfectly suited to the tactile preferences of older users. Its core is made of Q235 carbon steel, delivering a load-bearing capacity of over 200kg per column. The surface is treated with anti-corrosion, and for outdoor use, a wood wax coating is applied to enhance durability.

	parallel bar armrest
	Stainless steel pipe (304 material) with silicone anti-slip sleeve
	The stainless steel tube boasts excellent rust resistance and durability, with its 38mm diameter design ensuring a comfortable grip. The matte surface effectively reduces glare. The silicone sleeve, featuring a hardness of 60 Shore A, provides both slip resistance and warmth, preventing discomfort even in winter.

	footstep
	Multi-layer solid wood panel + anti-slip textured sticker
	Wood boards provide superior cushioning compared to metal. Their surfaces feature laser-engraved anti-slip patterns, while the rounded edges (R5mm) effectively prevent accidental bumps during use.

	Smart Display
	Industrial-grade touch screen (7-inch) + waterproof housing
	Choose a screen with sunlight visibility and 500cd/m² brightness for clear visibility in outdoor bright light. The IP65-rated waterproof casing ensures durability for outdoor use. The interface features a simple design with enlarged fonts for easy operation by older users.

	sensor module
	optical heart rate sensor, pressure sensor
	The heart rate sensor is integrated into the handlebar grip to monitor the users heart rate in real time, while the pressure sensor is installed at the bottom of the pedal to track movement patterns and ensure accurate exercise data.

	Connectors and fasteners
	Stainless steel bolts (M10-M16) and nylon anti-loosening washers
	The stainless steel bolts and nylon anti-loosening washers are used to avoid metal noise and enhance the stability of the structure. All exposed screws are hidden to prevent scratches during use.

	Emergency call button
	Red mushroom button (bulge)
	The red button is highly visible and easy to operate. Pressing it triggers a buzzer alarm (volume ≥80dB) and sends a signal to the management terminal, ensuring prompt response in emergencies.


III. Production and Implementation Process
1. Structure Design and Prototype Making (Duration: 2 weeks)
· CAD Modeling: During the design phase, we conducted in-depth research on the "Code for Design of Residential Buildings for the Elderly" to ensure our products meet the special needs of seniors. We meticulously designed the height of the parallel bars, setting them between 75 and 90 cm for comfortable use. The height can be fine-tuned using adjustment bolts to accommodate users of different heights. The spacing between the two parallel bars is set at 40 to 60 cm to ensure sufficient support space. Each workstation is designed to be 1.2 meters long, accommodating users of various body types.
· Sample Production: We prioritized developing a structural prototype to validate the designs practicality. During load testing, the prototype successfully supported 250 kg for 48 hours without deformation. The armrests vibration test demonstrated strict control within 2 mm, ensuring operational stability. Additionally, we verified the pedals anti-slip performance with a static friction coefficient of at least 0.8 to prevent user slips during operation.
parts machining
· Metalworking: The steel core of the support column was precisely cut and welded, followed by meticulous grinding to remove burrs, ensuring a smooth surface without sharp edges. The stainless steel handrail was accurately bent using a CNC pipe bending machine with ±1° precision, and underwent acid pickling and passivation after welding to enhance its corrosion resistance.
· Woodworking: The solid wood support columns are precision-machined on lathes, with our team applying meticulous sanding to achieve an ultra-smooth finish (Ra1.6μm). The tread features traditional mortise-and-tenon joints, a design that not only enhances aesthetics but also significantly improves crack resistance.
· Electronic assembly: We meticulously selected display panels, sensors, and control boards (using STM32 series microcontrollers), followed by soldering and debugging. The foundational program was developed to handle data acquisition, voice announcements, and alarm logic, ensuring the products smart functionality and user-friendliness.
Final assembly and commissioning (3 days per unit)
· Step 1: After completing the steel frame assembly, we performed precise vertical alignment with an error margin of 1° or less. The frame was anchored to the ground using expansion bolts, with each bolt pre-embedded at a minimum depth of 100mm to ensure structural stability.
· Step 2: The solid wood exterior panels feature a snap-fit design for secure attachment to the steel core columns, ensuring both aesthetic appeal and easy maintenance.
· Step 3: After assembling the armrest and pedal, we tested the mobility of the moving parts to ensure the pedal swings within ±15° without any jamming.
· Step 4: After completing the circuit system connection, we calibrated the sensor to ensure heart rate measurement accuracy within ±3 bpm. We also tested the displays response speed, with touch latency controlled to under 0.5 seconds.
· Step 5: The aging test ran continuously for 72 hours, simulating extreme temperature conditions (-10℃ to 50℃) to evaluate operational stability and ensure product reliability across diverse climate scenarios.
Security authentication and detail optimization
· Our products must undergo rigorous testing by the National Sports Goods Quality Supervision and Inspection Center, meeting the GB 19272-2011 standard "Fitness Equipment-Safety of Outdoor Fitness Equipment-General Requirements". We prioritize every detail to ensure product safety and reliability.
· After collecting trial feedback from elderly users, we optimized the product details. For example, we enlarged the button size to make it easier for users with poor vision to operate. We also extended the voice prompt duration to ensure users can clearly receive the information.
IV. Production Precautions
1. Cost Control: For solid wood components, we use FSC-certified recycled wood to reduce material costs. For electronic components, we implement bulk purchasing to lower unit prices, aiming to keep the cost per workstation below 3,000 yuan.
2. Standardized production: We have established strict component tolerance standards, with the verticality error of support columns controlled within ±0.5mm/m. Additionally, our modular design enables independent replacement of display and sensor modules, facilitating future maintenance and upgrades.
3. Environmental Compliance: To safeguard user health, we strictly prohibit formaldehyde-containing adhesives in wood processing. Our metal surface treatment employs chromium-free passivation technology, fully compliant with the RoHS (Restriction of Hazardous Substances) standard, ensuring eco-friendly production.
V. Directions for Future Iterations
1. We plan to add Bluetooth connectivity, enabling the device to sync exercise data to the childrens mobile app, allowing family members to monitor the elderlys health status.
2. We are developing a detachable seat module to accommodate users with mobility challenges. This module can be easily installed and removed, providing convenience for users with different needs.
3. We will implement AI motion recognition technology with a camera module to correct incorrect movement postures during use. We have fully considered user privacy protection, with this feature disabled by default and only activated upon user consent.
This solution has undergone initial validation in elderly user scenarios. We recommend producing three prototype units for community trials first, then making adjustments based on user feedback before scaling up to mass production. Feel free to reach out if you have any questions or need further technical discussions.
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