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Abstract—With an emphasis on design trade-offs, 

payload integration methodologies, performance 

characterization, safety and regulatory limitations and 

application scenarios (medical logistics, last-mile 

commerce, and disaster response), this article examines 

payload-capable unmanned aerial vehicles (UAVs). We 

conduct mixed-methods research that includes a policy 

examination of airworthiness and operational 

constraints, bench and flight testing of modular payload 

racks (0.5-8 kg range) and a technical design analysis. 

These are our goals: (1) to measure the effects of 

incremental payload mass and center-of-gravity changes 

on flight stability and endurance (2) to assess medical 

and commercial products payload release and 

securement systems; and (3) to compile regulatory 

requirements that impact payload operations. The 

findings will provide a standard test procedure for 

payload performance and safety certification, as well as 

design requirements for medium lift delivery drones 

(payload = 0.5-8 kg). Important conclusions from the 

literature and industry practice show that feasible 

payload mass and operating envelope are significantly 

determined by mission profile, national regulations and 

payload design (external vs. embedded). 

 

Index Terms—payload drone, UAV payload, payload 

capacity, drone delivery, regulatory framework, DGCA, 

flight-testing 

 

I. INTRODUCTION 

 

Due to advancements in autonomy and energy density, 

payload drones UAVs intended to transport internal or 

external cargo are quickly transitioning from 

prototypes to operational services (medical delivery, e-

commerce last-mile). Depending on the vehicle class 

and goal, companies like Zipline and Amazon Prime 

Air have shown feasible payload operations in 

restricted areas; their deployed systems generally 

carry a few hundred grams to several kilos. 

Aerodynamic design, engine, payload attachment 

method, and legal allowances under national aviation 

regulations all influence a payload drone's 

performance.  

 

II. LITERATURE REVIEW (SELECTED, LOAD-

BEARING POINTS) 

 

1. Trade-offs in design and payload categorization. 

According to recent evaluations, designers must 

give up endurance and range in order to improve 

payload mass since payload capacity scales with 

airframe size and power-to-weight ratio. External 

payload racks are adaptable but increase drag and 

stability concerns; embedded payloads (in-

fuselage) often improve aerodynamics but limit 

payload size and accessibility. 

2. Operational payloads and industry examples. 

While Amazon Prime Air systems frequently 

target lower parcel weights (~2-5 lb), Zipline's P2 

and older platforms indicate practical medical 

deliveries with payloads in the ~2-8 lb (~0.9-3.6 

kg) range for urban/suburban missions. BVLOS 

autonomy and strong release mechanisms are 

highlighted as facilitators in industry 

implementations. 

3. Regulatory environment. National regulations 

provide limitations on operations (line-of-sight, 

BVLOS approvals, altitude limits, etc.) and 

categorize unmanned aircraft by maximum all-

up-weight (including payload). Payload-bearing 

activities must comply with India's Drone Rules 

and Drone Policy guidelines and circulars, which 

stipulate categorization by all-up weight. 
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Commercial scale is frequently determined by 

regulatory restrictions. 

4. Medical items payload safety and embedded 

systems. Packaging, shock-isolation, security, and 

environmental conditioning (temperature for 

medicinal payloads) are important design 

components, according to research. To safeguard 

sensitive objects and lessen in flight instability, 

studies suggest including payload chambers and 

specialized carriers.  

 

III. RESEARCH QUESTIONS / AIMS 

 

1. For a typical medium lift multirotor and VTOL 

hybrid platform, measure the impact of 

incremental payload mass (0-8 kg) and changing 

CG on endurance, climb rate and control 

authority.  

2. Examine the stability, delivery accuracy, and 

safety of the various payload attachment methods 

(embedded bay, external sling and tethered 

lowering). 

3. Create a testing checklist for compliance and 

airworthiness (with an emphasis on India and 

general international best practices) and map 

regulatory requirements that impact payload 

operations. 

 

IV. METHODOLOGY 

 

A. Platform selection 

• Two test platforms:  

• (1) A medium multirotor with a payload capacity 

of up to 8 kg (maximum takeoff < 25 kg) 

• (2) A VTOL winged delivery aircraft with a 

payload capacity of 0.5–5 kg. Choose research 

prototypes or representative commercial frames. 

(For benchmarks, see the Zipline P2 and Prime 

Air MK-series.) 

 

B. Payload modules & instrumentation 

• Create three different types of modular payload 

racks: (a) tethered lowering module, (b) external 

hard mount and (c) embedded bay (in fuselage). 

• Install high-speed cameras for takeoff/landing 

observation and drop testing; equip each with an 

IMU (high-rate), GPS/RTK, load cell (to measure 

real carried mass) pressure/altitude sensor, 

current/voltage sensors to monitor power use and 

tiny temp/humidity loggers for delicate cargo. 

 

 
Figure 1: Forces acting on a UAV - Lift, Thrust, Drag 

and Weight. Source: Image retrieved from Google 

Images (for educational and illustrative purposes) 

 

C. Test protocol (bench + flight) 

1. Verify thrust margins, motor temperatures, ESC 

behavior and vibration transmission to payload 

using static bench testing.  

2. Hover endurance sweeps: monitor hover current, 

motor temperatures and steady-state thrust needed 

at payload increments (0.5 kg steps); calculate 

endurance based on battery capacity.\ 

3. Performance flights: climb rate, cruise speed, 

range (payload vs. distance) and stability metrics 

(pitch/roll RMS). 

4. Payload handling tests: simulated deliveries 

(landing, tether lowered delivery accuracy, 

release reliability under wind up to specified 

thresholds). 

5. Failure mode tests: controlled motor out (if safe), 

redundancy checks, parachute/tether behavior and 

safe release under fault conditions. 

 

D. Data analysis 

• Calculate the following relationships: CG 

sensitivity curves, energy per kg·km, and 

endurance (min) = f (payload mass). Create 

design envelopes for safe payload operations and 

evaluate importance using statistical 

models(regressions). 
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E. Regulatory & safety checklist 

• Link each test to the necessary paperwork (such 

as manufacturer data, flight logs, maintenance 

schedules, and competency certifications) for 

operating permission. For illustrative 

applications, use the Indian Drone Rules 

categorization by all up weight as a guiding 

constraint.  

 

V. EXPECTED RESULTS & METRICS 

 

• Quantified trade-off curves: power draw vs. 

payload, maximum payload for a safe 20-minute 

reserve flying at cruise, and endurance vs. 

payload mass. 

• Comparative analysis of payload mounting 

techniques: tethered lowering produces the best 

delivery accuracy with lesser landing risk 

(industry practice); embedded bays are predicted 

to have a greater range, while external mounts 

offer greater flexibility. 

• Key performance indicators (KPIs) include 

delivery accuracy (m CEP), flight endurance 

(minutes), energy per payload kg·km 

(Wh/kg·km), and release reliability (%successful 

releases / 100 tries). 

 

 
Figure 2: Principle of Aerodynamic Lift. Source: 

Image retrieved from Google Images (for educational 

and illustrative purposes). 

 
Figure 3: Cross-section of a propeller showing lift 

generation due to pressure difference. Source: Image 

retrieved from Google Images (for educational and 

illustrative purposes). 

 

 
Figure 4: Total pressure and velocity contours 

showing airflow and pressure variation around an 

aircraft. Source: Image retrieved from Google Images 

(for educational and illustrative purposes). 

 

VI. SAFETY, ETHICS, & REGULATORY 

CONSIDERATIONS 

 

• Payload safety: securement to prevent in-flight 

separation; shock-isolation for fragile medical 

payloads; temperature-controlled compartments 

for biologics. 

• Airspace safety: all tests in segregated airspace or 

range; contingency plans (geofencing, kill switch, 

ballistic recovery/parachute).  

• Privacy & ethics: avoid flying over private 

property during tests unless expressly consented; 

• Regulatory compliance: classify vehicles by all-

up-weight (including payload) in accordance with 

national regulations; acquire the required 



© November 2025 | IJIRT | Volume 12 Issue 6 | ISSN: 2349-6002 

IJIRT 187102 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 3278 

permissions for BVLOS or beyond-the-standard 

operations. 

 

VII. LIMITATIONS 

 

• Results will vary depending on the platform; 

caution must be used when extrapolating to other 

frames. 

• The facilities available for environmental testing 

(wind, precipitation) are restricted. 

• The regulatory environment is dynamic; 

allowable payloads and approvals are subject to 

quick changes based on the most recent circulars 

at the time of submission.  

 

VIII. CONCLUSION & RECOMMENDATIONS 

 

• Give design recommendations (e.g., do CG shift 

analysis for ±10 mm payload misplacement; 

reserve thrust margin > 30% at maximum 

payload; prefer embedded payload for 

aerodynamic efficiency where dimensions 

allowed).  

• Suggest a compliance checklist linked to regional 

laws and a consistent payload test process (bench 

→ hover-sweep → range test → delivery test). 

• Make recommendations for future actions, 

including as doing further environmental testing, 

integrating VTOL-hybrid platforms for increased 

range, and conducting pilot studies with 

regulatory bodies for medical payloads.  
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