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GeHa Sensors GH103 Flywheel Energy Storage Experimental System

Sensor products  GH loT Intelligent Sensing Solutions

GH103 Flywheel Energy Storage Experimental System

Product Specification

Pioneer in Edge Magnetic Pole Drive Technology, Premier Platform for Flywheel Energy
Storage Education & Research

o Product Overview

The GH103 Flywheel Energy Storage Experimental System adopts the proprietary W—A
(Wheel-to-Arm) edge drive architecture, breaking through traditional shaft-center drive
modes. Electromagnetic force acts directly on the flywheel outer rim, increasing the lever
arm by 4-8 times, perfectly simulating the outer-rotor motor drive characteristics of
large-scale energy storage flywheels. Suitable for university teaching, scientific research
experiments, and prototype validation.

0 Core Technology
e Drive Mode Comparison

Comparison Traditional GH103 Edge Symmetric Drive
Item Shaft-Center Drive

Mechanical Model T=Fxr T=Fx 2R

Lever Arm r (shaft radius, small) | 2R (flywheel diameter, large)
Lever Arm Length ~10-20 mm 200 mm

Torque Enhancement | Baseline (1x) 4-8x

e Technical Features

e Proprietary Edge Drive: Electromagnetic force acts on
flywheel outer rim, lever arm increased 4-8x

e Symmetric Couple Arrangement: 8 poles uniformly

distributed, forming 4 symmetric couples

e Authentic Simulation: Perfectly reproduces outer-rotor

motor characteristics of large-scale energy storage flywheels

OTheoretical Formula System

e Basic Dynamic Equations

Formula Name | Expression Physical Meaning
Law of Rotation =] Torque equals moment of inertia times angular
acceleration
Torque Definition | T=F xR Torque equals force times lever arm
GH103 Edge | T=F,x 2R | Tangential force times diameter (couple arm), torque
Torque enhanced 4-8x
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e Electromagnetic Drive Equations

Formula Name Expression Physical Meaning
TotalTangential Fi =1n x f x n | Combined air gap, suction force, pole count and
Electromagnetic Force x o work coefficient for tangential drive force
Air Gap Permeance | n=1/k Reciprocal of air gap distance, determines
Coefficient magnetic coupling strength
Output Torque T=Fx2R GH103 core drive formula

e Kinematic Equations

Formula Name Expression Physical Meaning
Speed-Frequency n = 60f / Nyoes = 60f / | Converts pulse frequency to flywheel
Relation 8 speed (RPM)

Angular Velocity w=2mn/60=nf/4 Converts speed to angular velocity
(rad/s)
Stored Kinetic Energy Ex = o] w? = | Kinetic energy stored in flywheel
%] (21n/60)? rotation (J)

e Energy Conversion Equations

Formula Name Expression Physical Meaning
Input Electrical | Eeec = [o V()I(t)dt | Total electrical energy consumed by drive
Energy system
Conversion N = EkinetiC / EeleC x | Electrical-to-kinetic energy conversion
Efficiency 100% efficiency
Power Relation P =dE;/dt=1tw Instantaneous power equals torque times
angular velocity

O System Parameters

e ectromagnetic Drive System

ameter Value Description

Operating Voltage DC 12-100V Rated operating voltage

Single Electromagnet Suction | ¢ 5 kgf (49N) | @DC12V, 25mm»20mm
Force

Electromagnets per Pole 2 pcs Symmetric arrangement

Total Pole Count 8 poles Uniformly distributed, 45° interval

Electromagnetic Air Gap 0.8 mm Gap between electromagnet and flywheel
outer rim

Air Gap Permeance Coefficient | 1.25 mm™ n=1/k
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e Mechanical Structure Parameters

Parameter Value Description
Flywheel Radius R 100 mm Lever arm reference
Couple Arm 2R 200 mm Diameter, torque action arm
Electromagnet Dimensions | 25mmx20mm | Single electromagnet outline dimensions

0 Electromagnetic Force Calculation

e Total Tangential Electromagnetic Force

Fi=znxfxnxa

e Parameter Definitions

Symbol | Value Physical Meaning Unit

n 1.25 | Air gap permeance coefficient,n = 1/k mm™*

k 0.8 Electromagnetic air gap distance mm

f 9.8 Electromagnetic suction force per pole (equivalent to 1 kgf, 2x0.5 | N
kgf)

n 8 Total number of magnetic poles pcs

nm 2 Number of electromagnets per pole pcs

a 0.5 Effective work coefficient (p/2, only half poles work tangentially) | —

e (@DC12V) / Calculation Example (@DC12V)

Total Tangential Electromagnetic Force Calculation:
Fe=nxfxnxa
=1.25x9.8x8x0.5

=1.25x9.8 x4
=49 N
Output Torque Calculation::
T=Fx 2R
=49 N x0.2m
= 9.8 N-m

Note: 8 poles uniformly distributed (45° per pole), 2 electromagnets per pole in symmetric

arrangement, 16 electromagnets total forming 4 symmetric couples.
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o0 Experimental Formula Quick Reference Card

r 1

| GH103 Experimental Formula Quick Reference Card |

| |
I~ i

Torque Calculation T=Fx2R=98Nm |

J = ¥%mR? (Disk Model) |

Fx = YaJw? [J] |
w = 21tn/60 = 0.1047n [rad/s] |
Efficiency Calculation n=E/[VIdt x 100% |

PWM Duty Cycle D =t"/(t*+t") |

n = 60f/8 [RPM] |

Inertia Calculation
Kinetic Energy Calculation
Speed Conversion

Step Speed

0 Eight-Pole Sequential Pulse Drive

e 8 magnetic poles uniformly distributed circumferentially, stepwise accelerating rotating
magnetic field

e 3 steps per revolution, step angle 45°, smooth operation with low vibration

e Frequency 10-400Hz stepless adjustment, precise speed control

o Technical Parameters

e Mechanical System

Parameter

Specification

Description

Flywheel Diameter

©200 mm

High-strength aluminum alloy, dynamic balance
G2.5

Weight
System

Code

5kg + 3kg + 2kg

Modular combination,
adjustable

inertia 0.025-0.25 Kkg-m?

Pole Configuration

Single stage 8 poles

\oltage-adjustable electromagnetic coil, ¢25mm

Lever Action Angle | 45° (11/4) Optimized torque transfer efficiency
Air Gap | 0.2-2 mm Adaptable to different experimental requirements
Adjustment
Overall Dimensions | 500 x 600 x 400 | Laboratory desktop design
mm
Overall Weight ~380 kg Stable anti-vibration base
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e Electrical Drive

GH103 Flywheel Energy Storage Experimental System
loT Intelligent Sensing Solutions

Parameter Specification Description
Drive Voltage DC12-100V | Wide range adjustable, adaptable to multiple power
sources
Drive Voltage 10-400 Hz Corresponding speed 75-3000 RPM (n = 60f/8)
Positive Pulse | 1-20 ms Energy injection time adjustable
Width
Negative Pulse | 1 ms Fixed freewheeling/braking
Width
Peak Power 1.5 kW Meets acceleration and steady-state requirements
Input Power AC 100-240V | Wide voltage, global universal

e Motion Performance

Parameter Specification Description
Speed Range 10-3000 RPM Covers low-speed debugging to high-speed
energy storage
Rated Speed 600 RPM Standard teaching condition (f = 80Hz)
Maximum Linear | 31.4 m/s Edge linear velocity at 3000 RPM (v = wR)
Velocity
Angular Velocity 1.05-314 rad/s Wide range dynamic response
Angular Acceleration | 0.02-2 rad/s* Precision acceleration control (a = t/])
Start-up Time <8s (0-600 RPM) | Rapid experimental condition establishment

e Measurement & Control System

Parameter | Specification Description

Speed Hall sensor + | 8 pulses/revolution, non-contact measurement

Detection magnetic cone

Waveform Tektronix 100MHz, 4-channel real-time observation

Analysis TDS7404B

Electrical HAMEG Voltage/current/frequency/duty cycle

Measurement | HM1507-3

Speed Display | 4-digit LED | Intuitive RPM reading
display

Safety GH19C Five-fold protection:

Protection Intelligent overspeed/overcurrent/overheat/vibration/displacement
System
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0 Ten-Dimensional Experimental Variables

No. Variable Name Symbol | Adjustment Experimental Related
Range Significance Formula
1 Counterweight Mass m 2-10 kg Moment of inertia ] | ] = ¥mjr;?
adjustment
2 Electromagnetic Force F 0-500 N Drive torque T=F-R | T=F-R
3 Drive Voltage \% 12-100V Control excitation | v = IR + L(dI/dt)
current
4 Drive Current I 0-15A Electromagnetic F o< B o |
force excitation
source
5 Pulse Frequency f 10-400 Hz Speed setting n = 60f/8
6 Positive Pulse Width t* 1-20 ms Energy injection | Epyise = VIt
duration
7 Angular Acceleration a Measured Dynamic  response | a=1/]
value output
8 Magnetic Field | 6 +7-13.5° Optimal action angle | F=F-sinf
Displacement Angle
9 Magnetic Induction | B 0-1.2T Proportional to | B = popNI/lg
Intensity current
10 | Flywheel Phase (xy) [0,2m]? State space variable X = Ax + Bu

0 Core Experimental Functions

e Basic Physics Experiments

e Law of Rotation Verification: T =

Jo,

linear torque-angular acceleration relationship

e Inertia Measurement Experiment: ] = Ym;r;%, compare theoretical calculation with measured values

e Energy Conservation Demonstration: E¢ec = Ex = EejeC conversion efficiency analysis

e Motor Drive Experiments

e Switched Reluctance Motor Principle: 8-pole sequential in-phase mechanism, n = 60f/8

e Mechanical Characteristic Curves: Speed-torque-efficiency three-dimensional relationship

o PWM Control Technology: D = t*/(t*+t7), pulse width modulation and duty cycle optimization

eEnergy Storage System Experiments

e Charge-Discharge Cycles: 1) = E,/[VIdt, energy storage and release efficiency analysis

e Dynamic Response Testing: Step/ramp/disturbance response, o = dw/dt

e Braking Energy Recovery: Comparison of dissipative braking and plug braking

TEL:+86 755 28168358

FAX:+86 755 28168293

http://www.szgeha.com GeHa (Shenzhen) Technology Co., Ltd

6/9



TEL:+86
http://www.szgeha.com/

GeHa Sensors GH103 Flywheel Energy Storage Experimental System

Sensor products  GH 0T Intelligent Sensing Solutions

e Advanced Research Experiments

e Multivariable Coupling Analysis: Ten-dimensional parameter orthogonal experimental design
e Edge Drive Optimization: Air gap/angle/frequency collaborative optimization

e Model Identification and Validation: Theoretical mathematical modeling vs. experimental comparison

o Target Users

User Type Application Scenario Value Proposition
Universities Physics/Electrical/Energy major | Fills the gap in flywheel energy
experimental teaching storage experimental equipment,

integrating theory with practice

Vocational New energy technology practical | Master energy storage system

Colleges training installation, = commissioning  and
maintenance skills

Research Flywheel energy storage | Provides a repeatable precision

Institutes mechanism and control research experimental platform

Enterprise Motor drive and energy | Low-cost validation of innovative

R&D management pre-research solution feasibility

0 Product Advantages

Comparison raditional Experimental GH103
Item Equipment

Drive Mode Shaft-center motor drive Edge magnetic pole drive, T = Fx2R,
torque enhanced 4-8x

Parameter Fixed parameters, single | Ten-dimensional adjustable, flexible

Adjustment experiment experimental design

Measurement Mechanical/simple Hall sensor + digital oscilloscope,

Means electronic precision acquisition

Safety Protection | Basic protection GH19C five-fold intelligent protection,
safe and reliable

Expansion Closed structure Modular design, supports multi-level

Capability expansion and vacuum upgrade

Theoretical No systematic formula | Complete formula system, integrated

Support system teaching and research

o Standard Configuration

GH103 Main Unit (flywheel rotor, 8-pole drive, control system, protective cover)
Counterweight Set (flywheel weights: 5kgx1, 3kgx1, 2kgx1, with quick-lock mechanism)
Tektronix TDS7404B Digital Oscilloscope (100MHz, 4-channel)

HAMEG HM1507-3 Multifunction Measuring Instrument

Hall Sensor Kit (8 sets, including magnetic cones)

Electrical Connection Harness (power lines, signal lines, BNC cables)

Operation Manual (including experimental guidance and theoretical derivation)

Factory Inspection Certificate and Warranty Card

AN N N N YN NN
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0 Optional Extensions

GH103 Flywheel Energy Storage Experimental System
loT Intelligent Sensing Solutions

Option Function Description Application Scenario
Vacuum <100Pa / Stainless steel vacuum cover + | High-speed low wind resistance
Chamber Kit vacuum pump, vacuum <100Pa experiments, wind loss

mechanism research
Secondary Add 8 magnetic poles, 16-pole | High-resolution step drive,
Expansion configuration micro-vibration analysis
Module
Data 16-bit USB-DAQ, 4-channel | Automated experimental
Acquisition synchronization, supporting software recording, large data volume
System acquisition
Temperature 8-channel PT100 temperature sensors, | Long-term  operation thermal
Monitoring magnetic pole thermal management characteristics research, efficiency
Module optimization
Ceramic High-speed bearings, supports 5000 | Ultra-high-speed energy storage
Bearing RPM expansion experiments, limit performance
Upgrade testing

o Service Commitment

Service Item

Content

Warranty Period

1 year for complete machine, 3 years for controller and driver

Installation & | Free on-site installation, commissioning, and operation training
Commissioning

Technical Support 7x24 hour telephone support, remote diagnosis, on-site service
Software Upgrade Continuous optimization of control algorithms, lifetime free

upgrades

Custom Development

Customize parameters according to special requirements, develop

exclusive experimental solutions

0 Technical Specification Quick Reference

Key Indicator Value
Flywheel Diameter 200 mm
Speed Range 10-3000 RPM
Drive Voltage 12-100V
Peak Power 1.5 kW

Moment of Inertia 0.025-0.25 kg-m?

Angular Acceleration | 0.02-2 rad/s?

Overall Weight ~380 kg

Protection Grade IP20

TEL:+86 755 28168358 FAX:
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GH103 Flywheel Energy Storage Experimental System
Sensor products  GH loT Intelligent Sensing Solutions

o Contact Us

Company: GeHa (Shenzhen) Technology Co., Ltd

Address: No. 1301, Guanlan Street, Longhua District, Shenzhen, China
Telephone: +86-755-28168358

Fax: +86-755-28168293

Website: http: //www.szgeha.com

Email: szgeha@163.com

GH103 Flywheel Energy Storage Experimental System — Transforming abstract

energy storage theory into intuitive experimental data.

Innovative edge drive, opening a new era in energy storage education.

TEL:+86 755 28168358 FAX:+86 755 28168293 http://www.szgeha.com GeHa (Shenzhen) Technology Co., Ltd
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