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Trial Study on Morphological Design to a Hydrogen Turbopump for Upper Stage Engine
Masaharu Uchiumi, Mitsuru Shimagaki, Hiromichi Hiraki and Noriyuki Shimiya (JAXA)

Key Words: Turbopump, Morphological design, Dynamic Design, Rotor vibration

Abstract

Rotor lateral vibration on a rocket turbopump is very serious problem. In order to suppress the rotor instabilities, the new

design method for a turbopump, so called morphological design method was proposed by JAXA. The design method

consists of both optimization of the component layout, and optimization of shaft diameter and length of the components.

Trial study on morphological design to a hydrogen turbopump for upper stage engine was conducted. Optimization

scenarios and results were presented in this paper.

1. #&

S — KRR T IF =R VX—EHAE B L LRl
Wk CThHDHT-0, nlry NE—RETORFHIE
W TR = RN EE | L LET B
n, £, X—bEr bR EREETHIDIC
HELL, 0%, ROy (BE, 15iE, FEis,
SR e E OMBREESR) ZIRRERET 2 FIER L &
NH5ONR—EHITHSD. ZOFRFFINETITIRIEE
WIZHAR T —% v AT ARG Tz D REHZERID /)
S B, WO H = 3L X —E O
S THRBIRBE N BEIEL L, ORIz E KM
k:x%%%@bf%k.%%@&%ﬁﬁyfﬁ%
BT 2 ERARIRENF S DI L L BT 5720
1%, PGS xwf%%®mﬁ&&i£ﬁ6%
AL fRIR D MLETH D L& Z, %%%iﬁtﬁ
n— X EREFREE LT, SR L DTERER
AL xRV _®mﬁ&i SR
Th (ST a—W, L7, #h—, fili%,
H—bE Ui EOXER) OfLE - Bl OxiE b &
STEP1, #ilfAks (FEFEDOT v 7 MEfmES)
DOtz STEP2 & L7z 2 Bk 7 v —IZ &
ST, WREIZMEI T2 L2 ENE Licn—2 v
AT LOFEHEILEIT) DO THD.

Aix, LBV UROBIRKES —RR T
ERGE L, SREMEEO AN ER & LT,
2 —% AT AFFHIX L CHIRED STEP1 B L O
STEP2 O HARM 22345t ITNE & 2 O ITHRERIC S
Wk %,

[

OHAMEFHYR

2. BEHRHOTo—

K1 ica—% A7 Mgt 217 9 72 O e
e —ZRT. REGHETIIe — % VAT A%
T B % DY 7 AT ADEFRHE, Thbb
BT URAT LAORLE - YA e LERTD.
TERERGE &0k, WOMRRICEDL LB O X 5 e EE
FEFEEMLE L72b o Tid/el, 4 F TR HE
FEICEVREIN TV T 27 AORERS
ERFINTA—ZIZEDDHZ LIZLD, n—F TR
T AOEREEMERN EE B E LEEEHETH 5.

STEP1 DGt~ v—I%, fd/eMiEE KT H A
Ty THD. FEBMSRRL, VU AT A
DAL AT D06 OFRMAERE TTIT, BERAI7ZR >
AT KGR NT A—F L LT, EREE L O,
YT UAT DEOEFER, YT UAT MO E
BETDH. EO%, [FERH & BEROSKEIZE SN
TH T VAT LAOBIEEREH 21TV, TV AT LD
HhEET )V (ARERZET L), BLOENIS LR
0—X XA F Iy R OBEE R EENT S,
Wiz r—Z OEERZEN (FIREVFE) 2 BRI
ICREL, HEBAMEMTZEE LT 727 A
DA ONERCA & Zond “BriE - Bl BT 5 i iifig”
T 5.

STEP2 MO#%EF 7 v —"TiX, STEP1 CTEOLNI-iiE
TEREAGEAR & 72 D FRREIC O T, 183 [ A AT R 0
%%T@éﬁﬁ@&ﬁ%f%éﬁﬁﬁ%ﬁ%%&&

, “HhSR N D DR & A EAL O AR FH A S L
TW@W”%*@%%W%@%@@#W@@%%

This document is provided by JAXA.



BliE - Bl Bl WL, £ TV RT
L D D # 72 A S o RN R S 08 -
Z6n5. flziE, #3Z DN EO LR, >—/VEHE
D LR, Z—v ool (FEXHIREML), A o
T B—ErOF v TR LR, R AR
e, T— FERIIGE UL/ — R ToOSNEDLY IR
MEE O LR, A > T 2 —H OWGAMERERA 7 ETh
%. ¥7-, STEPl ORLE - BlA i b R o K
AR K ONlR & R TR A [E 2 & L, STEP2
Dl AR B b R O SR H L - BlA A [ E &

T5. IeR, YT VAT A

W B, AT AE L TORELTE
HTE D#IFISAE D F CHfif kiR E% B

Shi-t&,

HRBE(LIC KL D G5,

B ZRBARLD T

/-‘~b

CREDN R

3. Y TURTFAOEBEFORE{L (STEP1)

3.1
RIRKZZ—RRT (LLTF,

AR SRR & PIIRGTE T L ORGE

FTP) DJERER &

EHETHICY 0, 2P AT ANLD FIP I
st B EREFESRALREZ D B . AWFZE Tl AL
gy hOVAT AMIAREES T EET U OHE

TIE294KN (30 bk L, =FANRUHF—T U —FR
TA TNV ERiEE LIS YA 7 Vi
HIZE - T, N7 g, ANDES, hHES% FTP
BRAARE LCRRE LTZ. ORISR LT, FTIP
@Egﬁ/zTﬁmuﬁﬁk%®*E%%ﬁ%»m
ELTIEEFFET V) & LTHET 5. RIFE
VAT AREHER L Ul o [RIEREEE & fihs %Lm
L, Zh2ho 3 k%% 50,000, 70,000, 90,000rpm,
BLO 20, 25, 30mm IZRE L. Lo T, ¥
HEFET AL LT, R 1LITRT LD 72 2 A+ 3 kYE
DFFIETTANELND. I Z Tk FTP &R
FEDN S, RUTEIZIIA T a—H L 2 BEoA 3
Tk, X UEIITEER Y — AR AT S
ZrELl BT — U AT D70
DORf>— /i, FEER O L PV (FEENE &
JEEOR) EHE LT, #Mlox =1 —
I, FRERFEEMRO T e —F 4 Y T —
EEIRTLHZL & L. i3I AE o'
73 v EMzE 2 AW DLErS, 7Y%
T LORBUL, RN 3, F—E N1, il
—LD3 1, HEZAS 2 DFFT EpoTz.

START

STEP:1 Design of form
Selection of the layout, element permutation

STEP2: Design of physical constitution
Selection of detailed diameter and length for the elements

| Design parameter |—>

4

| RD fluid forces |

Models of each element

93

Inducer Impeller Turbine

Datatine .-L...n canl

| Requlred design spec. |

| Rough physical size |

s
Deanng NOLauNg-snaiL seai

Optimized by

-Selection rules
-Constraints
-Object functions

Superior \

“Design of form” optimization

g

i
Y

etc.

Various layouts and permutations

5| | Matching between Subsystems optimizations
o P b
o |- Subsystems L B c 0
2 | - Systemand ] c )
5 subsystem D i L1
3 :
]
(]
T
2
o 1 -
= s
(]
it ]
5 =4
ex Internal flow network
Axal thrust, ---
“Shaft geometry” optimization
Optimized by
- Stabilities
-Natural
frequencies
-Weight

---. etc

Complex eigenvalue analyses

No Solutions Yes

Another solution

y

Solution )
No

Yes

X 1

vy hA—

WIR > T DORERET FIEORKGT 7 v —

This document is provided by JAXA.



F 1 B &2 B E LI IRGhE 7 v

Design Rotational Shaft Type of Components
Model Speed Diameter Pump Turbine Seal Bearing
Al 20 mm
A2 50000 rpm 25 mm Mechanical
Seal id Bz
A3 30 mm Two Stage e St H)Q:Id. Ball
Bl 20 mm Centrifugal W‘Z . ‘;ge © drmgl
xial ‘eramic
B2 70000 rpm 25 mm ‘,Villr;pseilrllerle Impulse ball with
B3 30 mm E¢ 1 Turbine . SUS440C
Inducer Floating
Cl 20 mm . Outer race)
Ring Seal
(o) 90000 rpm 25 mm
C3 30 mm

"

{2 Y7o RAT AOBIEI HIRERET L)

WIT, FIP &EMERE & o 2T AR EHICE SN T
YT URAT NIBIT AR EEET L Z LI
kv, M2i1RT X979 RoOFRELEET LVEE
KT 5. ek, BRS TRV T VAT AORE - B
FNZIZRFICE R 72 <, X 2 (XHM7e— R Ieh] D
—flE L TRBLINL TS,

F 1 OFZEHETNIZHONT, TOOH T RT
LAOEE - B OMEEREY, Y7 VAT ADN
SHLBET DL 645,120 (=7!1X2)) @Y LesH.
TOMETEEZMNRE U TR Z21T) 2 &3
KGN BIEL 2D LD, 74207 (2
I TIRIEEEEL—AD LN D) DALY FTP
DOREERHERRICE S R WVWE T LR BRI T 52 L T
TR OR Y AR EIT -T2, F£ 1 IRT 9 KO
FHETVICK L CEERENL—LVEEHAT S Z LI
XV, BT RT LORE - Bl DN SRR 84 Y
DEREE T MR B L.

32 flAEEMAEE ORI X D FTP O RERE

AT O MR 8418 Y OIFHEE T L & K | DFKFHE
TIVAL NG C3DIXNEZE LT T M ieET
84581 | X 9FFFET V) = (756 IKREE T /L)
L%, kRO R (STEP2) IZBATT S IFEE
TME, a—2 ATy I REIIOEREZSBE L
T F E AT O X 2 iR E AR IC RSV T
2a7 V7B LOFNEIT). 22 TORaTY
VTR, vy RERO TR T AMEE - B
RIEA] OBE L, F—RRTHREHIBIT S TH#

WROEENLIE & BT | oS IR SV T HEid 597,
(o 27 SRR - BHZEIEAR) I X 2T, 1R
Pk, =R b, PEREO 3 THE % HRYBEEICRE Lz,
— 7, TEAHERLYE & 8 ) 12 X 2 FHIs BV T,
RENFEE E LC, n— X EHE, GREENS O
BEHR, EREEE CICEBT 5T — R, VAT
LR A BRBEEICEE L2, BB o EA
S OHAEALIZ I QFD D4 & B gL Mk EiE®
(AHP : Analytic Hierarchy Process) Z MW 7z, T3/ A
T LHEAR - B IEAR ) IS X BRI & X — AR AR TR
FHCBT D THAREEAINE & #EE | (2 X DAl DR
ANZ DN TIEZB O SRSV, AR T,
AR D 2 SOBLEZI Y IAAT STEP 1 IZEBIT 54
ARt BT OV TR S

L AT BERB S L, oI ER
72 FTP JERE 2 R T 572, [ AT LR - B3
MBI DE AT DC & TEARRIENL I & e
BT D AT FryesaflAaH T, AU KV RERFE
WA Fp & L CERAEAL U TR 238 2 72 o 7.

A=1 (Fpper 20)

y)
Fou =DCy" X Frex {ﬂ——l (F. <0)
= TEC T

7o ERUCTNT, A IFEFANE Free s OFF 54
BRI X DR EFHENRA DFEE AR 5 7= DIZFRE L
TR THD.

[ 3 (THE M Fopy D A 16 TEREZ 3T, [BY
FEING 1~80L, FERENS I~I6LTHD. LI 16
fiRD 5 b 15 REIL i b {KEEI#E D 50000rpm TdH Y,
TS REPE O G & SO U T KR A s 2 B L & B 2 D
(2 27 SRR - BHFE AR ) OBREBENKB S L7
FEREZRoTWD. ENfED 10 FEREOILE AL, il
5% FTP sl Bl & e, & — e lihss i3 & —
B =L OMICEESN TS RTHD. VA
T LR - BRI IEAR ) 1SS LR R TIE, 2
D X 9 7 EHERLE O RHE D EREN I L TH 2
B EEx NS, —J7, THAMHIENIME & 8
DFHAIIZ 33V T 3 /7.0 90000rpm DO FEREIXH G I T
X 13 (Lo ol THANABANE & 8 12 X5
fili & e THERZ IR T L2 b O OB m WA 2 7
Lo TEY, BRHELE LR R MeEFE—F%
LT B — A7 &I EE PR O R A 7 %
7o, ZORENEIREME LTEETLEE X
b, ELERBICEB UL, B8tk
TH I~3 L ETHERE (PR No.5S0) THDH I &n
5, ZOFEEFe AR MEREWVWLDO LB X HND.

This document is provided by JAXA.



@ 50000rpm-¢30

@ 50000rpm-25

@ 50000rpm-20

@ 50000rpm-930

® 50000rpm-920

® 50000rpm-25

@ 50000rpm-30

50000rpm-30

)

il

ol

di.]

A1

A1

L)

..

® 50000rpm-¢30

{ 50000rpm-25

@ 50000rpm-¢30

1 50000rpm-930

@@ 90000rpm-930

@ 50000rpm-20

@ 50000rpm-30

i 50000rpm-25

ik.J

41

41l

A1

4L

411

41

4L

X3 FTP OELERFIFELOFITREE (227 B 16 fiF)

4. EhEEOREL (STEP2)
4.1 FaEfbFik

BEETFEE LQIfc0FERDY, Thth
WZEL R B 5. 5] 21X Monte Carlo {213 KIkAY
MR ORRIZHE LT D 0, EBREHERIT /T
WEARORBRICHE LT\ D. FHBREE TR
FR AT D E RN THAEAIC R A RE T E DA 5
ZRFON, fRZEE ORI R A K 2 72 D 2B D
M IR UFREN ML 22 D AlREER H D, Sl L
FHREFEH] O K2R BN H 5.

AR DRI EDFiEEZ WD 00E, G
BE L TERSNDREE ﬁpmbfﬁﬂﬁ%®%
BIRT HRETHY, KIRAVRER & /TSR %2 0
THZENEE L. ARBFE TIXEREETECLT,
DoE) % W CERZNRKIT L » TRREHEHS O TR
ZAEdR L, IR & 1ERK L C Monte Carlo 1506 #¢
AR ORE ZFT o727

2 FREMREOE

mi@&mm(#7vx%A@%%mﬂ®%ﬁm)
T baHiERs mWEREET L (K 3 ok ED) %
*fGrL LT, STEP2 DuifAks D fcifl 4 Fht L7-.
STEP1 |2 TIRE SN HEET L EK 4 1T
ZToHMBIENE, WhRENVRRME T 5 D fEOE LTk
TORERR L AT AN (F— FEEL) &L
2. EHLLEREETH DN, VAT AREEKIT
WiRT5E— K& Rixd) £C, HEFHRT@ELE
F—FE1obkoE—F ({iEbV) ETEH

-
—

4 STEP1 I[Z GREINIZFREET L

TIT@IE T 5 EAT— Nk, SRRk o

B T8 LW &) #RELT.

VAN

¥, STEPI

TORGEALAT R 25 FTP [RIFA%EE 13 50,000 rpm (2 [E

E L.

4.3 DoE T & 2B KZh A & Monte Carlo

DoE T}

PEARTERE

X, A EH A K 51RT XD 7R 21 2% (dh
Jim 12 B, B9 &L, FREEKIC
LCENEIN 3 KEEZRELT-.

(a>5)

Ba |z B
/;E %

FIET LD RRBICHOWTE, #hFmRE S 2 EE S

'ﬂ.‘ﬁ... {k

L54IE i’%\—»ﬂu Wﬁ%¥UD’H- ‘j‘wc, u+

54 Bl A EMRATIC L 2 SR BV R E O i 2 52

i U7z,

* 2 ATHEREAEIRATIC

RY. RE ORI A W LS 5720
TVAT BT =2 AT v VK1 EE

LTz
6

(2 fERRE FE

(2RI 5 BRI AL X 2 7R

ERF (R 7 sz ofh R S) 73,
HEWIIRE B RFILTBY, FHF FAREL

B DT &M%

i, &Y

e
AX [

fEBE S

TR E Uiz, F2HIKRME LT, EwhisiE BRAOFLE2RBLO3KROMEREENMET 52 L
=y =l s T U R ’ ‘ |
Ay o Tdl4 s v
——_ ] '\‘ I -__- ——_,i'_{i" ‘1 II‘II ‘
_HIIIIIIIII nnRiminmnmnmnaaEimaliEN
BT TR F S TR T KRL R IV
’ gy TEPRPERELRFF

X5 FHAHAEORIE

D 1= D IE E

This document is provided by JAXA.



&2 BEREAERNTIZ T DRI

Item Condition
Rotordynamic Fluid Force O
Structural Damping X
Connecting Stiffness (Lateral) 1.0x10"° N/m
. 7
Bearing Stiffness PumP S1d$: 3.95><107 N/m
Turbine Side | 3.95x10" N/m
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Bearing Damping - -
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