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SLM SUS316L Impeller-Based Electric Waterjet: Design and Thrust
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Abstract: A ducted waterjet propulsion system with an SLM-fabricated SUS316L impeller was designed, fabricated, and
thrust-verified for an electric surfboard. The system consisted of a 125 12P 21700 Li-ion battery pack, a waterproof BLDC
motor, a 300 A ESC, an 86.00 mm duct, a 68,51 mm contraction nozzle, and a 4-bladed twisted impeller with an outer diameter
of 83.06 mm. The impeller was fabricated by selective laser melting with a volumetric energy density of 107 J/mm?, and its
manufacturability was evaluated through dimensional accuracy, surface roughness, and assembly tests. The fabricated
impeller achieved Ra 4.9 pm after post-processing with a consistent +0.20 mm oversize, and the measured tip clearance was
1.37 mm. A qualitative CFD analysis confirmed the internal flow acceleration and axial jet alignment at the nozzle outlet.
System efficiency was decomposed into 1gpy=85.36% and 1y, = 50.69% and thrust was predicted using an actuator-disk-
based efficiency model. Load-cell measurements were conducted in a water tank at 25°C over 100-285 A_ The prediction
errors were 0.32-0.41% with a mean absolute error of 0.37%, and the back-calculated overall efficiency was 43.1 £ 0.1%
compared with the theoretical value of 43.3%. The maximum measured thrust at 285 A was approximately 730 N, confirming
the preliminary consistency of the efficiency model. At the measured operating point of 20,300 rpm, the impeller tip speed
reached 88 my/s, indicating that cavitation risk and its possible influence on hydromechanical efficiency should be further
investigated. These results confirm the initial applicability of an SLM SUS316L impeller to a compact electric waterjet
propulsion system.

Key Words: Actuator Disk Theory, Electric Surtboard, Selective Laser Melting, SUS316L, Thrust Measurement, Waterjet
Propulsion
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Table 1 Propulsion systern components and speciiications

Component Model / Specification MNotes
it EZRUN 701255D Brushless,
Bt ruoiir (Kv =560 mpm/V) watcrproof
e - Maximum current
ESC EZRUN 300 A 300 A
; o Nominal 444 V' /
Bauery pack 125 12P, 21700 Li-ion max S04V
SUS3I6L, SEM 4-blade,
Wipeles manufactured ¢ 83.06 mm
Shafl Siitinkssid | TobllnghdX)
i
Damping
Coupling Flex scal jaw coupling absorption,
vibration reduction
Designed tip
Duct inner diameter R6.00 muimn clearance
147 mm
Nozzle outlet 68.31 mm Contraction nozzle
Including motor
Total length 420 mm Bojaking

Table 2 Battery pack detailed specifications

ltem Value
Cell type 21700 eylindrical Li-ion
Cell configuration 125 12P (144 cells)
Nominal voliage / capacity 3TV /495 Ah
Pack nominal voliage M4V
Pack total capacity 2,637 Wh
Discharge rate at 285 A 480C

Cruise(150 A) / max (285 Ay rantime |{PProx. 24 min / Approx.

13 min

Fig. 2 Assembled prototype
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Fig. 3 Engineering drawing of wateret propulsion system

Fig. 4 Components of impelier cm drive frain assmbly

Fig. 5 CAD rendering of 4-blade twisted impeller
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Table 3 Mechanical properties of SLM SUS314L (as built)

ASTM A276
Property SLM as built stitodird
797
5)13)
Density” ™ (glem’)| | (relative density = 99.5%) w
Ultimate tensile
strength, UTS®™) 590~ 714 =515
(Mpa)
Yield strength, Y5
e ;?1 {M%ﬂi;- s =
Elongation'” (%) 4076 =Y
l-lard!:_{&svsx};jfkcﬁ. 9 - 330 ~ |80 (anncaled)
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S-B(keyhole porosity) 3+ &8 EZE(lack of fusion)
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Table 4 5LM process parameters Table 5 Dimensional measurement results;
parameter Applied value Typical range . Desion | o r e | Deviation: | Deviation
Measurement Item | Value Vale (mm A[m) %)
Laser power, P {mm) %
plis 180 150~ 200
Impeller OD 8306 | 8326 0 020 | 024
Smﬁf 800 600~ 1200 HubDiameter | 2800 | 2820 | 4020 | +071
l.ayerﬁ?};zss\ t ” _— Ty, | o | o4 | w020 | 020
Hatc?nsm;:ln;g, h i S i Blade Tip Thickness ~ 2.50 270 4020 | 4800
Hex Socket AF
—— Imer Diamerer | 1200 | 1220 | 4020 | +167
density, VED 107 80~ 130 T Cloaraes
w415
(Jmm’) % B 147 1.37 20,10 .80
Build dircction™'® P"'ﬁf‘"ﬂ”“’
ax1s
Table 52] & E]oiH2(HS)E (86.00 - 83.26) /
wmﬁ:e Ar(0;<0.1%) 2=137mmZ 584 23 H(ODS] 1~3%)2 o]}
ot}
3-3- #x‘le_l E?l’, % %‘Eﬂoﬁfﬁ tﬂ:&}(-{).lﬂ mm)"E' %l%‘ﬂ

AA > 600 °C, 608 TF 28 JM Céﬂﬂli?’—i
Wiey e -‘%Ei-ﬁ:‘-%}(Aleg#SO, Akt 0.4 MPa) >
T2k AvHA00->#800>#1200) =AM E T35
c}
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+0.10 mm ZFFE AFch g9E U17(86.00 mm)©]
W3lA) korm g o4& g 7140l 7 010 mm¥ F
48t 45 137 mm7F H2H, o= SLM A5
=712 oF 7hedt laty Adc

A +020mme] FL% AT T SIM 5
2] melt pool broadeningl] 7] 2184119, B4} A3}
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Fig. 6 SLM fabricated SUS316L 4-blade impeller
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Table & Surface roughness measurement results (Ra, Rz:
pm)

Ra
| B B o
Blade Suction Side|  11.8 08,2 4.5 286 619
i3!achmssmeide” 134 | 78.5 1 5l i 334 | 619 .
Blade Root 12.8 741 A | 37 602
Average 127 73.6 49 312 614

Table 62 £ A&7 54 dxjeld, H AZ
71E FA ] A(as buil) FHT] A= Evlad
ALO; #80 > T3] AT #400->#800->#1200)2 T
w3t A3

Z3)g] A g Ra 127 pumE SLM SUS316L5Y 4
T4 EaEE BEE A7) H9(10-20 pm)'e P
Botsitl 347 & 2 Ra 49 um= SIM 33
A4 HA FeluHE HE0S o 24 7Hed
316L £ A7] D900 e, +F
A HEor HFs 59 Fdolt)

43, EEA
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Table 7 CFD analysis condifions and mesh settings

ltem Settings
Analysis Software SohdWorks Flow Smmulation 2024
Fluid Water (p =997 kg/m? @ 25°C)
Rmaﬁncﬂ?(;‘?lv S MRF (Moving Relerence Frame)
Turbulence Model k — £ Model (Standard)
hnpcllcrs Rmil onal 20,000 rpm {nominal operating value)
z Approx. 5 mm (impeller region local
Base Mesh Size refmement Level 3)
Total Cell Count
(st Approx. 350,000 - 450,000 cells
Convergence Criterion Residuals of key variables < 107
Vet lrsuli pendence Not conducted (future work)
udy
52 2 24
CFD Z7He %4 39 dZucks HE gu
$50) 7H&, 48 Ao AR, =2 ET 45 B

¥t A4 oj=9 B¥sher #lsks A44d A
E A8E 2489k by Fig 704 s 99
B3 AFe] £x ¥ WE Wl £5 xFd
Aol FUE -5 34 7 E FHoE 45

Fig. 7 CFD result of velocity vector field inside the
duct (qualitative)
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Table 8 Efficiency framework and calculatfion
Efficiency Symbcl[ Formula | Value
ESC Nese r 97%
Motor | Mmator - . B8%
Shafi"'" Nesart - 6%
Impeller hydraulic"™"" | Mgy l - . 66%
Duct™ Haie 8 80"
Electromagnetic Mes Nese X Nmoter 85.36%
Hydromechanical M Mssape X Mimp X Nauee| 50.69%
Total Neatal Teas X Ty 43.27%

Table 1A 7 & 2 AR E&(Nonares Nomps
Neue) & 28 55 3307 A9 472799 9 o
E {5 #9998 Faste dAseden 633
o] Pzt BAa 74289 94 AF5E £ g
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v= ( pA ) ®)
T = pAv} (N
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Table ¢ Sensitivity Analysis Results for qyy

Mg (V) Pree(W) | 1y(mis) Prl?gx;nstted m&ﬁﬁm
(N)

450 4587 | 1355 | 677 16%

480 4893 | 1389 | 706 -3.6%
50.69 (baseline) | 5167 | 1411 | 732 0.0%

52.0 5300 1424 | 745 +1.8%

55.0 5604 | 1450 | 773 +5. %
Table 95 285 A, 419 V. ngy =8536% T30+

sl DEE 4 Z23E vepdoh

Num 35% BHAA dF 39 677-773 N, 7|F
732N thH] -7.6%~+57%2] Hltl3 HE HY A4S
730 N2 7|E8H732 N) tH] 22} 03%E nyy =
50.69% 7Hie] EfFAHE dE oz Rt

Taw 45-55% P2 HIAHS o) 285 A 7|F
o|& FHL 677~773 N HYE A=) 4=
8 730 N2 ny = 5069% =22 dZ3k(732 N)
T} 2 N(03%) #fo]= 7pg 2 %Iilﬂr:}. ol 7|&
o2 dAT gy = 5069%7F 2% 5 A
F719 A4 A 5E&E F N9 Es dE4e
= :-J ze-l-ﬁl_

MR olE £
Table 102] 200A Zd A 38 3 Hitgk
(@3.03V)Z 430V 2 YHEgsle] E7|81%0H, 4
(3)~ A)E BB Py, P 45 2HE3ICL

Table 10 Predicted performance at various curent levels;
measured voltage, method A

o e | e ol o |
1000 439 4390 | L899 | 1011 376 383
150 435 6,525 | 2,823 | 1153 490 499
200 430 | BO00 | 3722 | 1265 589 600
250 424 | 10600 | 4586 | 1356 677 69.0
285 419 11942 | 5167 | 14.11 732 4.7

6.5. Y5 LM ZHE (285A =)
285 A, 419V, 20300 pm =04 F e y]
A A= Table 113} 2t} ojuf HHYA, =B

sty A diH] 3= ZFZF H037%, +1.3% ©]
o

Table 11 Comparison of two esfimation methods; 285 A,
41.9 ¥, 20300 rom

Parameter [cuﬁﬁfm?ed} M(m!n'bl:grB Difference
Py (W) 11942 11,942 .
Pepaye (W) 10,193 10331 14%
Piee (W) 5,167 5237 14%
vy (m's) 14,11 14.17 0.4%
Num 50.69% S0.69% s
85.36% 86.52% )
Maw (oumed)  (backcakuluied)| - L0P
Typrea (N) 732 739 1.0%
Tmeaswrea (NJ| 730 (£3.2) | 730 (£3.2) -
Table 11¢] 3 A5 Zah, W A9 ZAF

fem, =85.36%E H48E P, =10193 W 2 4
Z5H(H(4). B8 B2l BT new,= 86.52%(H(11))
2 i F i BF ASmoNyTte] 2t
7b 13% oMz, Ate &g AA gBeds &
A3k

i A9 BO] 8 #}o|E 1.0%(732 N vs 739 N)
o 2y, 4F 25 HF 730 Nof| dis] Z
037%, 13% °|ujelA dAgc} w Bel 94t
New (86.52%)°] ¥l A°] 7} gH85.36%) K.t
1.16%p 741 Leld HL, FE && 88% 70
HF 4 2AdAM ik ByFoz AAHNUS
S AARgICE F ab o] 10% ol dAE SFH
o5 A A2 oF Ui 484 25 dHE,
e €dF 249 Jz4e s
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Table 1255 ESC A7 A7 300 A 23114 )
el A4 gt wE AA 28 AqF3E ek
Hct, wiefe] HE <5 A 504 VelA gt 17F
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Table 12 Predicted static thrust at various volfage under
300 A condition

P [l
Voltage (V) o P (kW) (;35} Ty (N)
40 voltree 1200 519 1413 | 734
sag) |
4210 12.60 545 1437 | 759
44 4 (nominal) 1332 576 1462 | 787
504 (fully
charzed) 15.12 6.54 1521 | 857

4.7.RPM 3! 7HH]|E|O|M

Table 132 L27] 2|7 OD=83.06mm 7|F22
RPM 738 9g B3 ¥ § £5& J&dn &
A 7VFeAdE H7IEE Aol of7]A Ha E3
T,2 BB E3 44 K. (= 001705 Nm/A, Kv
560 pm/VES-E] G2hE o] 88l T, =K, x| 2
A FAgoIN, A4 U8 dAfFs 2H R
84 2 &9 e g2kl 5 slesz Fag
o7 8t H F(vy,) T vy =X 0D X
N/60 22 AMEY, ¥ £E 80 ms o3l e
7le|glo]d WA FFsAdo] FetAlE=E Au]EH o]
“(Cavitation Number) 4 2 493 gqle] 2Q
=

Table 13 Required forque and fip speed assessment by
RPM range

Feasibility
assessment

Likely to exceed
300 A limit (high
load)

Near/above 300
A limit
Measured
operting ot
caviiation risk
assessment
required
High-RPM
region, cavitation

Required torque

RPM (Nm)

Tip speed (mis)

14,000 T4 61

18,000 58 78

20,300

(measured) 8

22000 47 96

£ A28 4% 2499 20300 pmol A o
257} 88 mis AHESIol, REAA AN 80 mis
NEe 2390 g B 222 ApHleold
4 Jhgol e 1 £ 90 s

o] glgsitl ¥ Agoxs Re4d F9, H¢
ARE FHoE AZs197] wEe] AuH o
a, 712 A AEAE 2 8 HEsS JH

o2 Felsrle &l ot A% 7]k 44

HE 431 £ 01%E T2 AY 2H0A 243k ¢

Hel HE £43 A4 sfueold dEdE BF

283 571 A28 af2 sy s]ojof frk A

Hoj4lo] EAxo= v AL 5 S A
o 7| Bz o8 FE AE £= 2 g HMo]
A4sta, 8 85, 4% 37 2 BHel= B9

&4 7Fe4del AR F QJev=E ¥T FU A

ol Fulelo] M

A A L

5 oAt 2% 94 Ee &

$A% AZL B8 73] Last
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A7 49L& HE £57} 02 o) bollard pull 7]
Folth BE A4 w& 38 it (122 9
Fgrh

T(Vboara) = pAV; (Vj' - vbaa‘rd) (12)

Table 14 285 A, 419 V 274 AHE £& v
1411 msE 71808 HE 28 &5 uE F¢
aie edg A7H % FH T £ T=
PA?}(V} — Vpgard) = Q%E]Ui Vhoard = 5&_52]
AA T8 SEms)elt e £57) ST S
HE £role] £k 37} FojEo] F3e] TAF|
o, HE £% 12 m/s(432 kmhyellAs A7 38
H] 150%7HA] TAshe ASE o SH

Table 14 Thrust reduction at various cruising speeds (285
A 419V, v=14.11 mjs)

Boteeed | spodtkmt) | Trua() | RS
1] 0 732 100.0
3 108 577 787
5 150 473 646
8 288 317 433
10 36.0 213 291
2 432 10 150
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5 A4 8 24L B2ARP] 93 A
Z(12mx20m, Zo] 08m)cl] F4 ExL ¢ 3
Al st S-H 2= A(AHA &% 1,000 N, HY
£ $01% FS)y& &4 F&sle] A7 F=H(bollard
pul)E ASEAT A A AF 5 olEF
D7(Calibration) & A3t ZE4 3 2 =9
& golsiark 522 25°C(p = 997 kg/md) = G4
aolon, WEEE w3 AEOCY = 504 V)l A
ANEL AN 8 dolel= 100 Hz HZ
&5z FHsYen, 4 B A% =2 ¥ 32
kg E AZHE A 527t dlelElE +3-H e
o} 53 23 A3 A 9 (Zero) NHE T
23 A 8 4 A4 ez 48 A6 A
gt AFe 49 4572 AN FUHPE
254 X358 57 71589 4 AF 2404
33 HE 53 ¥ g7 2 BT #1448 e
=3

cadl

72, &5 53 41}

Table 155 9= 25°C, HlElE] k5 7oA 4
P 2 38 FH 1A o8 E 1lehdc)
Eg AR 100 ARE 285 A7 2 2AA 33
38 S3E sasiglon, 71 Iate ds HAF
=2 Ak €4 715515 A% 208 SAW
o] Hak= 15 A oUE, 54 AEAe] 4= A
o2 IEY

Table 15 Raw data of waterjet thruster load cell thrust
measurement (water temperature 25°C, fuly charged
battery)

Taget | . | Cument | Voltage Measwed | Measured
curen @ | V) st st (kgD
C100A |1 100 | 40 | 35 | 32
~ 100 A 2 102 438 379 86
~ 100 A 3 08 439 370 177
SIS0A | 150 | 436 | 489 | 498
~150A | 2 152 | 435 | a2 | so2
“150A | 3 148 | 434 | 483 | 492
“200A |1 W | 432 | s | 600
~20A | 2 | 20 | 430 | s0 | 602
~ 200 A 3 198 " 429 582 593
L50A |1 %0 | 425 | 675 | 688
as0A| 2 | 22 | @3 | em | o0
~250A 3 248 424 a7l 684
S5A |1 ®s | @0 | M| s
~285 A 2 287 418 m 4.6
~WSA| 3 | 3 | 49 | ™6 | 7wl

Table 162 Table 152] €4] dlo]g|& AF =7
H2 Hy 9 BFEHAE a0k dijo|r) EFH
7} o ¥HE 33 240 FHE FRHN-1 7]F)
2 A=Elglon 285 A AN A g=32 NoE 3
T FH(729.7N) tf¥] 044%0f| B3] SAH £
=71 g B2 g3l

Table 16 Summary of mean thrust and standard deviation

Taioet M volkigs Meanthred de%m“;f | Mean thrust
curent (4% (N) ) {keh)
~10A | 439 | 3W7 | 45 382
CIS0A | 435 | 4880 | 46 497
S0A | 430 | sse7 | 42 598
~250A | @4 | em3 | 3l 687
~SA | 419 | 97 | 32 744
S0 WR| HEE Al U HUS04% A CPERSTLE

P Ad] L3 037%E WY e FFoH, o
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Table 17 Comparison of theorefically predicted load cell
measured thrust (method A, p=997 kg/m?* & 25°C)

Standard
Curent | Voliage | ()| measured| geviion, | Error (%)
(A) (V)
o () |

00 439 376 3747 +4.5 0.35
150 43.5 49 48R0 t+46 0.4]
00 | 430 | s80 | 5867 | +42 | 039
250 424 677 6743 +31 0.40
85 | 49 | M2 | ™7 | 432 | o3
Mean

absolute - - - - 037
¢Imor
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Table 18 Bock-calculated overdll efficiency based on
measured data (1;4ea)

S fm&wd Uy (09 | Plee W) | Pay (W) Mearar (%)
100 374.7 10,09 1,891 4390 43.1
150 . 4880 11.52 . 2810 6,525 43.1
200 586.7 12.63 . 3,705 8,600 43.1
250 674.3 13.54 4.564 10,600 431
285 7297 14.08 5,138 11,942 43.0
Mean - . 43.140.]
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Table 19 Battery voltage sag by curent condition

Apparent
Current (A) [Load voltage (V) V‘i";@ﬁﬁ*"r nternal
¥ Resistance (m)
100 439 6.5 65
150 85 69 4
200 430 74 37
250 424 80 2
285 419 85 30
8. &8

As 4 AEEsg HEY A 531 A&
Hg AA-Alzeta, SLM 78k SUS316L Y=
A, AE dE 2 2o 28 A2 58 4
A3 A5E FIsG Fo FEL ofLx 2

t}.

T
=1

1) <=l OD 83.06 mm, HE ID 86 mm,
E7F 6851 mm, A% 420 mm?] 4Ed0|E EQA
E 9J€4 Al2glL dAEIr) CFD 42 A=
3 AFo| eld % 715 iR A4 met B
HoZ @gsolon dHe I f<% Fv 4
Y& 70 W 45 AEE AAFe= g9
asict.

2) SLM 2A(VED 107 Jimm*)2.E SUS3I6L <
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