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Abstract

The internal combustion engine industry is an important part of China’s manufacturing sector and
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plays an irreplaceable role in supporting national economic development, promoting equipment
upgrades, and implementing the “dual carbon” strategy. With the rapid advancement of internal
combustion engine manufacturing technology, there is an increasing demand for non-destructive
testing of engine components, and traditional non-destructive testing methods (such as ultrasound
and radiography) struggle to achieve precise, quantitative, and three-dimensional analysis of com-
plex structural parts. This paper first briefly describes the detection principles and characteristics
of industrial CT, and then introduces the application of industrial CT in various stages of internal
combustion engine products, including product development, design verification, production and
manufacturing, quality control, and after-sales service. With its advantages of being suitable for a
wide range of materials and offering high detection accuracy, industrial CT can effectively address
the current testing challenges in the internal combustion engine industry.
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Figure 1. Industrial CT system equipment
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Figure 2. Reverse engineering of urea pump
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Table 1. 450 KV industrial CT scan parameter settings
F 1.450 KV Tl CT NS R E

SH) ZHUH ZH)) SHUE
M R CENE I D R 68 um
S ERIR Y 450 kv Tolk CT EEE DI [ CEEE:]
EHE 400 kV IR 170 pA

FOD (S 2R - ¥R FE ES) 1503 mm FDD (Ui - PRI &R ) 1016 mm
BEERE 1x1 T3t (] 334 ms
TRk HL 1800 T Sn 2.0 pm + Cu 2.0 mm

IR A EACHRHETT A BT, TN S8 L HE N BB EEAREAT AT . W 3 B, IR AL R it
HIHE Z R ShFe R MBI, Wil f e m AN AL, B Gp ki A
SRR I=ANE T FLHE YRR AT =R, DA L N AR . AR SRR SRR 4
GRELAREE D EAARN S SRS, HATr S, v A BB R IR E S K.
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Figure 3. Internal structure analysis of solid oxide fuel cell stack
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FERER I B BT N 5 5 AR BNAR A 5 CAD B2 AR 2200, AR B 45 Rk @id T
Ak CT Ko M A vl LUK 45 R 5 CAD BT il &, DAEI I R Z R T Rt 7, AMY
UGB TR BRI 22, IR REMS BISCHEAT B B AR ZEAE[5]. SEBnAE = /07 ih 5 BEARH) CAD AT
BEAFAE — 38 FUS) 22 5 MU0 7 i B PR REANAE FH - 35 B 2 M oxe LA £ 1R 22 57 S i 1287 T2 el

4.2. EENE

o 145 A3 1B N GRS DB, AR GE I AR BRI B D7 VR TS Tk CT MR — R AR IR PG I A,
AP RS A b B 2 2 A BE S RN AL . TN IS B RS R s N EE R, Retd
PPAL LG5 R 5B RO P 1o D, SENUEST RIS RS S BN R 2, O RS IE, A
DIREAREREE . 500F T2 A B TR T 28, KA Tk CT X AR Ak giis . <FL. &
BEBRBAERI AN, CLUKEEE TR, WA 4 s,

W 2 Fron, Tk CT ik M 25 AR e 1 RIF( %2 R < 0.0312 mm), 5= ARARINE 45 R %=
{H o £-0.0482 mm ~ +0.015 mm G N, B2 AL T AT KF, PR & 7 2 10— S0 2 T 2 500E
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Figure 4. Measurement of wall thickness of cast aluminum exhaust pipe
E 4. FRHSEEENE

Table 2. Comparison of exhaust pipe wall thickness measured by coordinate measuring machine and industrial CT (mm)

F 2. HISEEE=AFRMI CT M EHIEXTEL (mm)

(A R 1 2 3 4 5 R X LY o
1 7.0 6.258 6.249 6.247 6.25 6.255 0.011 62518 62628  —0.011
6 6;"° 6.233 6.213 6.228 6.234 6.239 0.026 62294 62776 —0.0482
7 6, 6.257 6.235 6.248 6.242 62463  0.022 62457 6235  0.0107
12 7.5 7.869 7.851 7.854 7.855 7.845 0.024  7.8548  7.8398  0.015
13 6.5, 6.842 6.825 6.826 6.849 6.841 0.024  6.8366  6.8687 —0.0321
17 70 7.252 7.274 7.256 7269  7.2832  0.0312 72668  7.274  —0.0072

E: R——HEZRONEME; X ——HXMESRITIE; o——THMES = BIr B RN EE.

5. Tk CT 4 =#E A R A
5.1. R~FE

Tl CT fER—Fopr B i) dE i U0 2 B, WA T WIHLE A RT3 P 3 1 DX RST
H[6], GRS B A AT UIRIRIAE, Tk CT HoRaems Rk AL gl & 77 A R R SL I TE 15
R, REHEIRI R A S TR S8 TR A 22 o HEAR ATy DLSREIAR . 2R T, SLARSE &R Y
RIGIE, KEFERFE SRS R B R M EAS B, A BT 2E/=n Tl 2 v RS s, ORER Py AN EE A4
RO E[6].

5.2. 57l RY. FLEERFERPAKEN

BT S 2 A A S R B ), i 0 P 5k e FH A 495 1) S 2 B3k P Aar I 7 V6 TGV AT 4R % Tk CT W]
PRUBORE v HL B & SRR A NI AL AL BiAA . SRR BRI, A BV 2 ILALER I RS A
My AL E . MRS REER, AL T AL BT BhAh, MG RS, &
TG FE B IRARE 3D FTENSE MG 77 i Tolk CT &R HALMR RS aE oL, Wkl 5 fis.
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Figure 5. Piston 3D print scan analysis
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Table 3. Scanning data of piston rough samples

3. SEEERRHTEEE

M 42 (mm) R (mm?) F [ (mm?) [ B (mm) R
1.00 0.0700598 0.0006878 0.0490841 4.1976552 0.48
1.03 0.1161809 0.0017194 0.1079835 2.2005816 0.26
1.04 0.1107744 0.0017194 0.0981684 4.5558139 0.30
1.01 0.1193682 0.0020632 0.1276187 2.2012405 0.29
1.04 0.1161797 0.0024071 0.1276163 0.5845312 0.37
1.04 0.1107721 0.0024071 0.1276189 2.5378196 0.42
1.01 0.1310681 0.0024072 0.1472490 3.2286325 0.26
1.01 0.1194403 0.0027510 0.1472533 4.5968742 0.39
1.02 0.1136526 0.0027511 0.1374329 2.1455567 0.45
1.04 0.1161797 0.0027511 0.1472462 3.2975049 0.42

SKH T CT W ZERFEAT B R, W3 3, HAH 125 AbN 3 FLIRELRG, SFLBR AR X (6] A
0.00069 ~ 0.00309 mm3, 25 FLAEDAGTE 0.14~0.30 mm JEFE P, FLBRBLFE SRR 0.0677 mm3; ZMETE
FEA ORI X S5 BEAR LR R AN 0.002% 0 RFE N B TE R RSHEEFRFLBR . TCIESLmiis S RS, Bk

FLRR R L B ER
6. TV CT ZEREFRFIEZEPHIN A

FH Tk CT R EAN B A BEAT FLIGEE 7 AT R4 5T B2 I Tolk CT R B TR m A, fefis
NBARN ISR ERA (RS2 B B, DR TR iR UK IE[ 7], B, RERRe AT 40 K,
HABOK, ARSI, SBERGRAY R, HTRERaRY . FIMH 9 MeV Tk CT 45
TR, AR FIVR LR AL AT JF 8RR, il 6.
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Figure 6. Planetary gear weld inspection
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7. Tk CT EERRSTEZEFHIRN A
7.1. BERN 52T

EEXPAR R AT R LR BRI AR, W] A B DAk CT SoRAT R M Atk B2 W 5 e Air
Tl CT HARREUS T ML S 2 B0 (K N AR SS AR  SRBE AT S AR O 00 K 5 2 A ) SR AR
FAh, SEFAEIRHLRL A LT s AT AR S A B PSR AT AR B Tk CT AR HEAT b
M52 W, Tl CT £E7 R oA BRIV RN 22 18] Bildn, i3 I it B 2 RCR AR Ias R LRk
KB, LN BT RER TR WIS R, Tl CT XSk AT %, 8id CT Mg o b &4k
RN E, BEN KRR, A 7.

Figure 7. Nitrogen oxide sensor probe failure
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Xof TR R BN RS R R AR 1, BRI EN R INESE SR L IR G, TR L 2 3 UHIR
ZR G HIER . A CT v LASHIYRED, B 7M™ i i 4 5 =28 Je) S 444 L 3@l sl 70
HriEl, oA SR AL R O T B SRR, PR T, SHRRBURR, MG, B R R AL
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NFERT . BAFAERUE BT 3O Tl CT MMESE R . e f AL A BT . TR L IAIBR AN G BE 55
IR AN, WlE 8 Jras. X CVT ikt BEAT AR B AN, WITERE Ry 2.4801 mm, 5 KR
SREEA — B (HRZ st B RS TR AL B 5 AR EORANET, — U = FEAR 2220 2 mm BB AL, BEAR,
PR, RS HOE WL 4.

T 1 24801 me O 3: 00654 men| JEN 4 14564 mm JEM 2: 24801 mem

Figure 8. CVT wheel side shaft seal assembly misalignment inspection
8. CVT i R T

Table 4. 9 MeV industrial CT inspection parameter settings
F4.9MeV T CT #MSHIEE

S E S SHE SHAIR ZHE

FE S 5 AT K R RS 1.0 yum

S EURIETY 9 MeV IE ML CT EEEEDaY T ME 4 4
HHE 8.3 MeV IR 0.3 mA
FOD 3200 mm FDD 2170 mm

(& il 1*1 T4y BT[] 600 ms
sk 5000 VB TT Sn 4.0 yum Cu 4.0 mm

8. &N IE

2 LB, Tk CT HoRB T WERILA dh & 2E dn I BEE I A A2 hilis s B ) IR 9555 %
IR, BERESEBL AR (A ) TR AT, AT SE RS B R DI A Bk B 5 LI AL AR
X A SR ML R W, AT A i N IRILZ A K & A DN 5, A R /2 AT o 2
P SR BB AR L/ R, WAL Bt . T287t. RELESEER
PRI TR PEERIEOR S

SE
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