
Johannes Kidder.    High Speed Quad Drone  
Hand Calculations   October 2026 
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Constants w estisD Variables
Symbol
D
p
a

d prop
KV

V but

9 m

LT

CdA

EP
Et
pp
L
ct

Tubes

mtip

PS Prop Spec sW SolidWorks.MS Motorspec
BS Battery spec S Standard BDS Bambudatashed

What is it
Propdiameter 75146

Prop Pitch

Motor offset

Body diameteratpropplane

Motor velocity constant

6s battery Pack
Air at 20C
Static thrustcoefficient

Drag area of quad

Value
129.5 mm
0.1168m

68mm

44mm

2050 rpmv
22.2Vnom25.2Vf.tl

1.2kgm 1.8110spas

0.12
0.006m

2910MPa

110,000MPa

1.259km 60 infil

69mm

50mm 10mm

6mmOD 4mmID

49g

PS
PS
SW
SW
MS

BS

s

Est
Est

PETGCFmodulusprinted BDS

EstCarbon tubemodulus

Printed PETG If
Finlength bodysuitetoMotoraxis

Finchord thickness

Two spars at13and29mmleading

DS
LAD

SW

SW

MSte
eage

Motor36.8y propnacellethat



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 Prop Clearances

RD2nicefrac12952648mmrmsqrta2a2sqrt682682962mmgappp2aD136129565mmgappbrmRdpiop29626482294mm

2 Mass Center ofGravity

Station mm

268

282

120

165
222
30

60
140

180

235

mis gmm

34,450

4963

25,800

2475

6,660

420

360

12,320

4500

26555

123503

Mass m 9

147.2
17.6

215.0
15.0

30.0

14.0

6.0

88.0

25.0
113.0

670.8

Part
Motors 4times368y
Props 4times44yl est
Battery CNHL 130065

760lead straplest

FC ES capacitorest

04AirUnit est

BeeID reciever

fuselage shell est

keel tailring est

4pods finnacelletubes

Total



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

xcySigmam123503184mm
Wmg06708times981658N

Notes Center of Gravity sits 21mm ahead of
fins leading edge

3 Hover thrust RPM power and flighttime

Given W658W D01295m I CT012
rho12kgm3 1 kV2050rpmV 130OmAh at 22.21

Hover per Motor

TnfracW4frac65841645W
D40129542816times104m4

nnsqrtCTPD4sqrt064512times12times2816times104201revs121000rpm
full throttle Permotor
RPM Max 08timesKvtimesV08times2050times2134440rpm
TMax 012times12times5742times2816times104134N
nicefracTW4times13465881



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Hover Power actuator disk momentum theory and flighttime

ApiR2pileft006482right001318m2
pideal sqrt2rhoA164515sqrt2times12times001318119W
pelec beginmatrix4Pidecl4times114FMcdoteta09times0811qWendmatrix

IPVnicefrac11922253A
t08times13Ah0195h117 min

Notes

4 Top speed and Reynolds Number

Given T04times134534N static thrust cap Max 57 1revts

p01168m W658NLdA0006m2 est7 length 03m

Vpn mar P574times01168671ms

TleftVrightToleft1fracVVpright 1
PleftVrightfrac12rhoV2CdATleftVrightTleftVrightsqrtW2beta2

DleftNright9097105
Result
Still accelerating

Still accelerating

Too fast

sqrtW2D2 neededleftNright
111
117

124

TleftVrightavailableleftNright
136

120

104Vleftm
sright505254



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Interlopate between 52and 5 1ms
Vtop approx522ms188kmhDV top 198N

RebeginmatrixrhoVLM12times522times030181times105endmatrix
Notes Re106 means the boundary layer is likely
turbulent over its a 1f half Smooth surface isvital more
than shape changes CdA is the number to change CFDgives
one value GPS topspeed runs withthis equation solved backward
give a measured one 2 blade speed props are worthtesting to
reduce CDA

5 Body angle at top speed
Given W658W D48N

TDtheta

tanthetafracWD658480671theta34circnoseuparrowTsqrtW2D2118N vmg

Notes Check if 34 is a hard boundary thebodywillmake
lift at thatangle whichcarries Wand lowers theta Angle
Camera down 20 to match thehorizon and account forlift

6 Fin sideways Natural frequency firstnaturalfrequency f forsideways bending
Given fin section round 5mm nose full 10mm thickness from

5mm to 34mm straighttaperto1mmat50mm holes 6.2at13and29mm

and 5 at 21mm tubes 6 4mm inthetwo 6.2mmholes L69mm



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ep2910MPaEt110000MPamtip49g

Step 1 Area moment of inertia aboutthechord line

Iflat beginmatrixwt329times1032417mm41212endmatrix
Inose pir48fracpis48245mm4
Itaper int_016frachleftxright312dx h10frac9x16Rightarrowfrac112cdotfrac169cdot10414370mm4
Iholes 2cdotfracpileft62right464fracpileft5right46414531176mm4

Ip24172453701762857mm4
Itpileft69411right511mm4each

Step 2 bending stiffness and tip spring rate

EIEpIp2EtIt2910left2857right2left110000rightleft511right195times106Nmm2
K3EI3left195times106right693178Nmm178times105Nm

Step 3 effective mass frequency

Ap3932908880337mm2
holestapernose flat

Mfin337left69rightleft125times103rightleft06right2left157rightleft69rightleft16times103right210g
35g tubes

meffmtipfrac33140m fin 490236left210right539g
17.5gplaster

f1frac12pisqrtfracKmefffrac12pisqrtfrac178times10500539290Hz
Note The Carbon tubes carry 58 ofthe sideways stiffness



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

7 Fin for aft natural frequency fforbendingforeaft alongthechord
Given fin CF tubes L and Mett 539g
Step1 NeutralAxis
Piece
Nosehalfcircle r5

flat 29times10

Taper16long left0rightarrowright

Hole 6.2 subtract

Hole 5 subtract

Hole 6.2 subtract

Tubes 2times157 Carbon

AreaAmm Centroid x mm Own I mm

393

54r3pi288leftfracpi8frac89pirightr469195290

880
30.2

19.6

30.2

31.4

tfracw31220324h3lefta34abb2right36leftabright14587231722times511

39 82

13.00

21.00

29.00

1329

Ap393290888003373mm2QpAx7592mm3beginmatrixEpQpEtAtleft1329right2910left7592right110000left157rightleft42rightoverlinexEpAp2EtAt110000left314rightendmatrix
Step2 moment of inertiaabout overlinex213mmII our Ad2

Ip134452129737537404962230mm4
It2left511right157left83327672right2116mm4

Step3 stiffness frequency Kfrac3EIL33left414times106Ncdotmm2right6933780Nmm
EI2910left62230right110000left2116right414times106Nmm2

f2frac12pisqrt378times1061330Hz



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Notes Plastic carries 44 Spreading tubes apartraises f fastest
because It growswith the square oftheirdistance fromoverlinex

8 Resonance Check Campbell diagram Speedwhere force ffin.tl

Given fin modes f1290Hz sideways f21330Hz fore aft

motor speed from 12,100rpmhover to34,440rpmfullthrottle

fexc Ncdotfracrpm60Rightarrowrpm cross 60fn
foreaft bladepass 60left1330right26600rpm77 throttle

Sideways shaft 60left290right17400 rpm midthrottle

60left240right5800 rpm belowhover

beginmatrix3left34440right60endmatrix
Sideways bladepass

fullthrottlebladepass

Notes full throttle is fine because Blade pass sits29
above the risk is holding at 70 85 throttle wherebladepass



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

sits on theforce aftmode to push f2 above 12times17222070Hz
E I must grow by leftfrac20701330right224x 2blade propeller never reaches
foreaftmode

9 Fin root stress Bending stressfromthrust sidewaystiploadtoreach35MPa

Given full throttle thrust T134N permotor calc3 L6qmm
EI414times106 Nmm foreaftand 195times106N mmsideways Neutralaxisat21.3mm

Printed PETGCF strength 35MPa

a Thrustload bending foreaft

MTL134times69922Nmm
sigma
plaste MyEp922left50213rightleft2910right019MPa

sigmatube MyEt922left8333rightleft110000right28MPa
b Sideways loadto reach 35MPa outerfiber at yfract25m R

Mallow beginmatrixsigmaEI35left195times106rightyEp5left2910right47000Nmmendmatrix
fallow M ok frac4700069680N

Notes Thrust stress are under 11 of whatmaterial can
withstand So the fin is sized by stiffness calc68 not
strength Weakness is printed finjoint heat inserts

10 Motor Cant side force sideways forceeach cartedmotormakes

Given T134N permotor at fullthrottle cantangles varphi5circ6circ8circ



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

fside Tsinrho axial 1oss 1cosvarphi

y5circF side 116N Loss04
Y6circF side 14N L0 ss05

varphi8circF side 186N Loss10

Y

frac4v fside
T

Notes at 6circ each motor gains1.4N side force about10 of its
thrust for a halfof a percentofthrustlost Thatside force at96mm

fromtheaxis givestheflight controler a rollmomentabout theflightpath
the axis a plainquadcontrols weakly at almostno cost in topspeed
A thruststand cannot measar h1 is compare roll response in logswith
and without cant

11 Battery fit the minimum body diameter overthepack'slength

Given NHL13006spack listed 82times40times36mm centeredon thefuselage

at station120 spans 79 161mm shellwall1.5mm 24matnose 65 at 105mm

56mm at222mm

dpack sqrt402362538mm
Dinner geq5382left1right558mm Douter geq5582left15right588m m

Dleft161rightgeq65161105left6556right607mm
Dleft19rightapprox24frac79105left6524right548mm straightlineConnection

Note Measur Battery pack with Capillers

12 Thrust stand sensing a voltage divider that keeps theADC
under 5V currentsensorsoutput atpeak and itsresolution thepowerand
efficiency formulas the loggerwill use
Given 6spack25.21fullArdarinoUnoRY AC578LCB100B currentsensor



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

20mVA 2 5Voutput at 0A on a 5Vsupply peak motorcurrent 49.5A

a Voltage divider R147kOmegalefttopright R210kOmegabottom

Vout V in beginmatrixR2R1R2252frac1057442V5endmatrix
Ifrac25257kOmega049mA PR1I2R1qmW025W

ADCstep frac52140305mV Packstep 0305times5717mV
b Current sensor

Vout left495Vright250020left495right349V5
0015A percountCurrent stepbeginmatrix0305mV20mVAendmatrix

c logged quantities

PVIleftomegarightn thrust PleftgrightleftnicefracgomegarightV countstimesfrac5214timesR1R2R2
Notes real resolution is set by noise notby step size

Measure R1 and R2 with a meter anduse themeasured ratio
because 1 resistors can shiftvoltage reading by up to 1.6

13 Thrust stand Calibration and uncertainty Example data
forarithmetic

Given known mass hung on loadcell

Reading timescounts find Calibration

yb0bx its SE

and95 uncertainly of
one thrustreading

Forceg N

0 00

1962

3924

5886

7848

9810

Mass g
0

200

400

600

800
1000

12

842016880252503310042090



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sources 

• Allegro ACS758 data sheet: 100B variant, 20 mV/A, 2.5 V zero output at 5 V 

supply, ±100 A. Allegro lists it as not for new design (ACS772/773 replace it). 

• Bambu Lab PETG-CF technical data sheet: printed modulus and strength, as 

used in the design guide. 

Step1 least squares fit n6
overlinex21059 overliney4905N

Sxxsumleftxioverlinexright21240times104 I Sxysum_ileftxioverlinexrightleftyioverlineyright2890times105
b1nicefracSxySxx2331times104N count b0overlineyb1overlinex00037N

Step2 standard error and 95 confidence interval

SsqrtSSEsqrt951times10500049N

haty0b0b1left30000right6989NPIhaty0pmt002545sqrt1frac1nleftx0overlinexright26989pm2776left00049rightleft110right649pm0015N
Step 3 measured thrustcoefficientforcalc 3
withthrust Ti logged at rotation rates nileftrevsright fit T fn throughorigion

CTbetaD4betasum_iTini2
Notes pm001SN is the callibrations scatter spinning propadds

vibration and airflow noise so uncertainty on running thrust

will be larger



• CNHL Black Series 1300 6S 2-pack: listed size and mass, checked Oct 11, 2026. 

• T-Hobby Velox V2207 V3 (Mepsking): 2050KV, 36.8 g, checked Oct 11, 2026. 

• Arduino UNO R4 WiFi ADC resolution: 14-bit analog reads; the 5 V default 

reference was not re-checked for this page. 

• Geometry and design values: SolidWorks master model and the Teardrop 

Speed Quad Design Guide.


