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Finite element analysis of a 2D cantilever on a noisy intermediate-scale
quantum computer

André Mielke!* and Tim Ricken'

! Institute of Mechanics, Structural Analysis and Dynamics, Faculty of Aerospace Engineering and Geodesy, University of
Stuttgart, 70569 Stuttgart, Germany

(uantum computing is a promising new computing paradigm that may yield both significant speedup over classical algorithms
as well as new ways to think about problems and finding novel solution algorithms. While large-scale error-corrected quantum
computers are still under development, a selection of noisy intermediate-scale quantum processing units is readily made
available by some companies via cloud access. Despite the lack of error correction, these units can be used to test established
quantum algorithms on custom problem setups. Here, we solve the finite element problem of a two-dimensional cantilever,
completely fixed on one side and loaded on the opposite side, on a 15-qubit QPU from IBM.

22021 The Authors. Proceedings in Applied Mahemarics & Mechanics published by Wiley-V CH GmbH.
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Fig. 3: Undeformed position (blue), analytical solu-
tion (orange) and quantum-computed solution (green)
for the problem. The red bars show the standard devia-
tion of each nodal position into each direction. The red
arrow indicates the load.

Fig. 2: Sketch of the HHL quantum circuit, produced
with Qiskit [3]. An ancilla |A), a work |W)}, and an
input-output register |LO)} are necessary to transform the
right-hand side |b) of the equation system into an ap-
proximation of the solution vector |u).
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What is NDT (Non-Destructive Testing) ?

Non-destructive testing is the method to examine
structures and materials without damaging or destroying

the object being tested, and to ensure their reliability and
guality
Fig.3: Sasago

tunnel collapse

2012
Fig.1: IR EE0ERDIERNDE (2012)

25,000
20152 . .
; 20,000 — Fig.2: Fatigue
2 15000 N | plamage _of corner
g intersection for a
= . . steel bridge
g 10,000 |
v 4,332 |
5.000 175 563
I I v NP O O . .
2001 2006 2011 2016 2021
year




1% 273 JE IR E T4

BRRGIFBIRIREF ENIRESNTEL:

- BERA(VT) - REHREBFER(RT)
« Y—EIST74—5ER (TT) - BERSER, L—EFTIRHERUT)

EENEEZZEL
Y EHEET I D&
BIFkD &%, it -
ML TEERT S



QFE&iEEEFﬁEtiEFnﬁEEOMEIJH

UT using array transducer Characteristics of array transducer
| | y e N 2 K 0.5(0.4/0.1)x 10 -32
ONANE, @ ®

Mnarrow band @2MHZ @composite
........................ w « | @(04/0.1):element size and between each
i S : ®32 elements

./ CFRP spe&imen

<> < “—> 40—'1> 05 110
T (mm)
Incident wave transmission and Ex) received wave form obtained by experiment

transm|SS|on 15 rece|ver 1- 32
I '#l
Nﬂuh

y 2 ”il\ll mnf “’M

Array Probe element 5 ..‘ ||

L||
|

rI' ‘
i i“m
| | I y W
il

receiving scattered waves using array probe

15 14 31 32

_h%?%%ht’rﬁﬁff‘*%é‘x!: NEOREET RT3
HPIEEANRE SN D

defect

PLEg s pil i

R s e
e L d A o AN, | o 1 1
15 5
time date {cu tia)

* time”



QFEJEiEEWﬁ&iEFnﬁEEO)WJszz

BB ATIS R A (A & BiX)

6 [—— ‘
%0 -20 -10 0 10 20 30
x [mm]

modeling of visualization area 2D result for a cross section 3D result

- HEElEZE - BRI BT ORI S KOIEIRIHE (CHIT DAL - T—FPA TR
‘}E}EHODEJJI"_.I Al - =AY A T2 AmXE, vol.4(3), pp. 852-866, (2023)

- TERPEDSR . RTDEBE /EZ’I/X_//O RIEFEDIBZFILC- , 3'56&1%@5, vol. 73(2),
pp.73-77, (2024) HE < DFFEFTFEMERSINTND

W R AR AT RE R DB (B ELAEAT)

o-ici | [T () s o)
ui(x, w) £ AE 2
F st )8
x exp[ — koS (") || +i(kof (") + k)& -y —isen(f" (o)




FMEY ST R—RE [ RE
T ——

= transmitter REL:0-1BHHERFHEZRAV:
FCTHREE, BAKEMFERHE,
c(xi,yi)  (2006)

>

r 0-1ZBHFHMEEmEEREEIC

fRELRENEHET D

5 EREERLTLS
path S inclusion SF7=——Y45

| / (defect) 1%%%7’» ?

ERRIFFRE] ¢ &IROE c DR &

o t:/sc(;y)dszfss(x,y)ds

v ARB—RR(BEDF )

1
t?;ZZSjl@'j S = —

j=1 ¢

CRENEEE RO ZE RN
IRV R ERRZE WD)

M receiver




l‘:Eb 77’f£ *ﬁn-]-!f‘iis z

RMEER S (RUYSIR) % S ARAT ‘“\\ incident wave
. 1 :

smEEmEE AL\ 10a |
RENOD FERRT (RIREE) EHIF S

~—

predicted de

. target domain
R STAL HENRFE co/c1 = 2.0 e |
S,awKEL - I | | :10
>3H3§:100000 incident wave - w, C
. ba C1
— 15,4 . — !
Qubo 7 =—1)>% (Torch Tytan, GPU:RTX 6000) | recei\qarea |
' \:
incident wave 2 paths ST
- 2 paths - 2 paths
| path ;
ol actual defect ol
—7_4: _4_
2paths" ot 1 { 10 paths I

0 2 4 6 8 10

total: 4 paths total: 12 paths



h%7‘374%ﬁ%@5¢%§%$22
R MaER S GER R BE) %35 R AT ‘“\\ incident wave
! 1 !

goEEgEEELBE N\ 10a |
RENDBZER R (G5 E) Z Fl#I %4

o — IL 3 . . target domain
R TALRENEE co/c1 = 2.0 Pl |
S, o Kk . 10
>3V F34:100000 incident wave : L (
_ . o —l i 20; C]_ !
Qubo 7 =—1)>% (Torch Tytan, GPU:RTX 6000) | receiver area |
P incident wave 2PathS b
2 paths 2 paths
f | ]
Ll actual defect Ll
3 |
, pﬁﬁ o 10 paths = i:
6 | \ Il
ol | predicted def ;

|
o

10

“total: 46pathss étotai: 12%patﬁs



FEDHESRERDRE-FTE

FED

cHH-EFNAIT)IRFHEIZCKAERER LB EE{ToT-
c 2Ll —A2—DHEANOEHELBBEERETIEHLIN—ED
NAT)IRIEDRN TEIEREEBRLT S ENTES-

s EF TNV RITISER Y HE R

RETET o1

« ERGERETEHIOINRMUEFEHTE T H_EN TS

SHOBE-FE

 EZZxEFarE a1 —3—THELDI FIKITKEAFER)
O EA—A3ANSDT—ADI aA—T AT EESTEHH

« ALz TTTKAMEE

» FFIKHPCERDOREE, RERIER DRE, FHAREZSTES

« SRITTIEREAND I A

- PR Z B AL S BELERT, RFMETSTA~DIERF,

EHATEE G FEZHYES



	スライド 0: 量子コンピューターと 計算数理工学
	スライド 1
	スライド 2
	スライド 3
	スライド 4
	スライド 5
	スライド 6
	スライド 7
	スライド 8
	スライド 9
	スライド 10
	スライド 11
	スライド 12
	スライド 13
	スライド 14
	スライド 15
	スライド 16
	スライド 17
	スライド 18
	スライド 19
	スライド 20
	スライド 21
	スライド 22
	スライド 23
	スライド 24
	スライド 25
	スライド 26
	スライド 27

