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CHAPTER 02 / HUMAN-POWERED EMERGENCY ENERGY
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TREADSPARK: A Theoretical Framework for a Compact Under-Desk
Rotary Human-Powered Emergency Energy System
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RESEARCH QUESTIONS / CONTRIBUTIONS
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Abstract

This theoretical design study examines how seated rotary pedaling can provide part of a laptop’s electrical demand
during an external power interruption. A two-stage belt transmission, permanent-magnet generator, buffered DC power
path and USB-C PD output are proposed. A deterministic energy ledger separates mechanical input, conversion losses,
stored energy and source-port delivery. Under explicitly assumed efficiencies, 25 W mechanical input corresponds to
14.50 W of storage-neutral USB delivery. A 19.2 Wh nominal battery with a 70% energy window supports a calculated
45 W output boundary of 15.41 minutes without pedaling, or 23.11 minutes with 25 W pedaling. These values are model
results, not measured performance. The study contributes an integrated architecture, reproducible calculations and
falsifiable test propositions. Ergonomic comfort, noise, durability and end-device compatibility remain empirical

questions.
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MECHANICAL ARCHITECTURE / GEOMETRY CHECKS
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ELECTRICAL ARCHITECTURE / CONTROL RESPONSIBILITIES
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ENERGY LEDGER / EQUATIONS
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PARAMETERS / WORKED EXAMPLE
SRE 5 RN 5

6. ZHZAAN - IEHRFEE 7 7lFRic

B EHEE HERE XL

HLH A Pm 17/25/40 W 17, 25 WEMIEREERE X ; 40 WHEINES , FEHREEHA
HEEA.

B3 n/ B4R r 50 rpm / 85 mm AR ASEGERE ; EARER.

%3 nm / K& ng 0.90/0.80 RIMRIR ; TRANEXN ARLEHMERIL,

BWAEE nr/ W no 0.92/0.92 BRESHUE | noFEAPLE. HENE.

FEH nc/ ME nd 0.94/0.95 XREARIKR , BRIEEFHETR.

SEBHEL Pa 0.80 W S-WE ; AEEFTN K E.

B AR FME 12.8V x 1.5 Ah ASTHEREREE | 19.2 Wh, FBEEBD.

SMERQ 20%ZE90% IR HEER Emin=3.84 Wh , Emax=17.28 Wh , & [013.44 Wh,

EARE AL =2 T 0.93 ATFERTREATRH , FREZT,

7.25 Wi AW ZRITE
25.00 - 22.50 ~ 18.00 - 16.56 W ®)

FRUO B AR AU & LS B RS I BEZ . HTERO.80 WHHHLIS F15.76 Wi 50924 Hy
AR, P F38]14.4992 W, 242 BIUSBRHUAE 458.00% , AN o i A BB LS Y B S 8036

TEARHIHUSB, ffREAK FBRIISAE T, 25 W30 minffi f#FEHIIN(16.56—0.80) X 0.94 X 0.5=7.4072 Wh, # ¥ JG{&
IR 515 W USBAG H 351080 WAL, X E7 B fiff G 5528 AL I 11 5241 £96.1711 Wh, 3§ i724.68 min; A
AE ELHEET.41 Wha Az 25 HLIK o

ERRITEHERERIN 06/12



TREADSPARK / THEORETICAL DESIGN STUDY 2026.10.22 / v1.2

RESULTS / STEADY-STATE ENERGY

Feoirh ATHE S A

40

25 23.64

17

14.50
9.62

BERER BEHER=R REHWARER
RARBAW B /TR SHUSBHE W
M4 F—AREBE TOHNRBASTHERENEHUSBIE, SHFRLENRE , b FRREEDBE,
14 ) 14 b)) — kY
8. "MKEE 5 ASWEEHE ATRERRTIR

17, 25, 40 WHUE A2 A% 29.62, 14.50, 23.64 WEERUSBI)R 35 BER45 Wi 1K ke Y ELARREAS TR, S
FE T UER N H7(45/0.92+0.80)/(0.90 X 0.80 X 0.92)=75.05 W, {Z%{A MiA % R tHEH . IRANREZE L, Kbt AR
YNNG

SRR 90N 52 45 S LU A1 7025 WS R BRI . 17 WERAFI) TR iE B o v RIFEAR RS 5 AREECE P g 2
TRV KPS W SRR GRS R R, ARESCRHER DL DRSS SR TR S5 E.

9. ArFEmRIEEI—HEE R

AJBARIE FEENHAB RN

14.5 W SHIFE 8 25 WHIE A , MR, #E8T TR TEESN.

45 W USB-C PD#i i B #7 B, RE., BMSHEGAN  BHETREMEEE,

30 minf##EE IN7.41 Wh 25 WHI A , TUSBAE , HIBREREEEBRAZMH,

VESY: ) MR AR, KERABHMBILRE ; FTRE— N8,

ERRITEHERERIN 07/12



TREADSPARK / THEORETICAL DESIGN STUDY 2026.10.22 / v1.2

RESULTS / STORAGE TRAJECTORIES
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SENSITIVITY / LAPTOP DEMAND
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DESIGN INTENT / HUMAN FIT / POWER STATES
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FALSIFIABLE PROPOSITIONS / VALIDATION PLAN
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