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Abstract

This study aims to prepare CrMnFeCoNi high entropy alloy coating on the surface of CL60 high carbon
steel through laser cladding technology, optimize process parameters to achieve optimal coating qual-
ity, and provide new technical ideas for improving the surface strength, wear resistance, and service
life of wheels, as well as for surface modification of train wheels. This study used orthogonal experi-
ments to analyze the effects of laser power, scanning speed, and powder feeding rate on coating qual-
ity. This study evaluates the quality of the coating through macroscopic morphology, microscopic
morphology, dilution rate, molding coefficient, and microhardness indicators, and determine the op-
timal laser power and powder feeding rate using range analysis. Then, it seeks the best parameters
by changing the scanning speed. The experimental results show thatlaser power has the greatest im-
pact on the dilution rate and hardness of the coating, while scanning speed has a significant impact on
the forming coefficient. The optimal process parameters are laser power of 1400 W, scanning speed
of 4 mm/s, and powder feeding rate of 20 g/min. Under these parameters, the dilution rate of the coat-
ing is 15.5%, the forming coefficient is 4.35, the microhardness is 181.25 HVo, and the coating struc-
ture is dense with no obvious defects. The grain structure in the coating grows along the melting di-
rection, transitioning from coarse dendritic and columnar crystals to fine and dense cellular crystals
from bottom to top. This study can effectively improve the comprehensive performance of high en-
tropy alloy coatings on the surface of CL60 steel, determine the optimal process parameters for laser
cladding CrMnFeCoNi high entropy alloy coatings, and provide theoretical basis and experimental
support for laser cladding technology of high carbon steel substrates.
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CL60 WA —Fetctl, BAm . mff AN ARr s, i N T lE s, 2. DA,
B2 S5 A R R B ELAE PR SR AT R AR Z A AE3RIE, CL60 HM 2R 48 2 51 4 il >R FH PO SR AW 4 5 [1]
SR, BUAEAEIZATIERE T, ZR50 5 AN B A A HVR B R 2 S B4 RE A i L IR AR L R
e NGy TR B Y W RS e e[| T3 98 N o | B e 07 og K P P b P S oo i
RMGRAALEE, DR R . MBS TEae, HA EE SR

WOt (LC) 2 — M se it MR M BRI [ s E MR, A R REBOCACR MR 5 3%
HHRIERE ERA S SRR . ZEORAA S G150 MRERAL. HHABE SR fi[2)-[4], T2
THUEFEEMIREIRZ . JFH5AE 2005 48, [®4h527 S. Niederhauser mifie i 1 #OEHE 7 BORTE R
BRI AI[5]. LEAN, G S (HEAS) I BT #U% T 2004 R4 H[6], & CONEDTAt EZITER
R T EUL SR T B R4 . SILIT 20 R A, mE G SR H S RRE . PR, R
FACTESERRIE, &R A TAEREE, MRS . RO E D, SiESENEEME, MEEs
EEAMRLERALS, REEA RO R B R MR RS . FEROCIS B AR ThOu TR 2 R R R iR R OB T)
L PMEENIEER R =ATESH, K=K Z AR RE MR, AEfS80E
LB RIREEIE[T] [8]. AT aeHl& L E R HARERRE, AREZ¥EN T LESHMRAIN
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AT TIRABE A

K SR [O1R T T ORI B B B IR 2 T ESHOHR E AL, R b M REFN BE B M R i sgmm, &5i6
FE AR B I T S RO N S FR R I B R, B R I PR, BORIEE T2 RERIEE . A
RIFRER, (EXHAE RO A U R/ o SKERZE[10]%F 45 4K 1A Stellite6-8% WC ¥y K i T2
SHGIAT THEE, 8RR M3 B T 2S5 & N ETh % 1600 W, HHREEEE 5Smm/s, &8
A 20 g/min, EUL T ZZHAHE Nl HIRER T35 By 397 HVo2, 2104 45 BEEER) 1.6 i,
Huang, Y. %5 [11]38 ik e )82 TV 78 1 7 45 AR T TIORI5 CoCrCuFeNi Ml & &R E T 1 T 235
HREAT T, Z5SRR I SR LI D 30 RT3 R 8 i 3K, 4 e 26 o T e I (R ookt 3 2 s g ),
FE Bt T 2R AR R B 3G i $2 i o B AESEONTHAR 773.65 W, JHFE 5 mm/s. 3EHKE 2K 15 g/min, LG
WIZYMELL 5.07, MR 14.29%, HE 186.8 HV.

HAT, BOGHEMRLET T 4540, 316 AEEMN. Q235 Tk = AN AN ALK, %) CL60 494wty
B FE > . [FIRT, CrMnFeCoNi sl & S AF A IE BRI 7L R BR AT H ) MeRE, Sz X HAE
CL60 HBOLIBE LEMRGIRER . N, AR CRHABOCEEHARLE CL60 =N K [ il % CrMnFeCoNi
PIRZE G EIRZE, W IR E TSR RS, R RERE . MO MR,
BRI R AR B S AT T 4BVl . WEFS B CL60 AW 56 iR T o ik R AR %, IHomiois
BIREES E R Y e R S AL 250 AT B A .

2. LMMH 5t
21 FRMHERE

BeAkik A CL60 4N, I HL K FETIE PR LA DI EI 9 R 9 10 mm x 50 mm x 50 mm ff/hE, 2 %
B LR Lo TEHTHOGIE B AT YR A SiC Rb 40N AR RIHEATHT BE, R S e o o J A FH vk 2
N 9% LK T, ERERBANNTG . AR CrMnFeCoNi B G &M A, ZElaShRARE
Hilky, %M Cr:Mn:Fe:Co:Ni JE7LE 1:1:1:1:1 Btk A 44k, HokiEE N 53~150 um, #roRIESWIE 1 Fios,
AR BRIE BT, YIRERGECE I BRIE, MR 5 MocERE A ARIA], A=/ Wk 2, B Rt A
WAL TAE T 70°C -5 h & .

Figure 1. SEM morphology of CrMnFeCoNi powder
1. CrMnFeCoNi # KA SEM #2537

Table 1. Chemical composition of base CL60 steel (wt%)
< 1. E{K CL60 AT AL 57 (Wt%)

Materials C Si Mn P S Fe
CL60 0.55~0.65 0.17~0.37 0.50~0.80 0.035 0.040 Bal.
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Table 2. Chemical composition of high-entropy alloy powder (wt%)

% 2. BAAEMRLFERST (Wt%)
Element Cr Mn Fe Co Ni (0]
A AR R 19.45 19.43 20.27 20.05 20.78 0.03

WOGIEE A48 HH LDF-4000-100VGP Bk, /KA R 40 1511 2406 Fl Tl HL# A (KUKA KR30HA).
Btk SRS IER S EA R, FIFZRAE CL60 R H & ZERZ, WM FMGEE N 300C.
Xof SRR AT TR B 8] B 5 1R e AR DO VA H) G B T S5 TR DL [12] . BRILZ A6, R R E N
30%, JBEEAE 4 um, TEMSFEIEFEHA T B I & A R D FLBR TR R, B SRR B A
TRy AT A, Sk, SRAZEE N 99.99% & SAE AR Sk, s KRR SR E 25N
5 L/min A1 15 L/min.

2.2, SCIG ARt

221, I[EZRL

TEAZ S5 20 B L A () T ESHOAT A 1 — M & 5 A U Sk 7%, AT LR 7 KREKPT A #2
Wi K] 22 FH7KSA[13], 8 A0 22 S0 o (RO RE , BOLThEe . 8 B AN I 2 = AN K& BAEAE
M, XHRZEESARE R BT, K, RSO TIRITGRZERIN S E L2250, it & 5L
BRIE R e T SHE ), 1O T 2 (kw) B (mm/s) R A JE 2 (g/min) 5 R B T2 3801 T =
K =K IERS RS, #5177 0% 3.

Table 3. Orthogonal test parameter arrangement

=3 EXRESHEHIIHER

WA WOLTH (kw) A4 # E (mm/s) LK (g/min)
1-1 1.4 1 12
1-2 1.4 2 15
1-3 1.4 4 20
2-1 1.6 1 15
2-2 1.6 2 20
2-3 1.6 4 12
31 1.8 1 20
3-2 1.8 2 12
3-3 1.8 4 15

< W >
CZ ' H

HAZ\BL_/\J:]A/

Substrate

Figure 2. Schematic diagram of the coating cross-section
E 2 RAEEE~EE
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2.2.2. wBHMEENR

T2 TSR 2 W SR AN I 3P 38  « F FR K AE DI B B0 B A3 B RORE S VY E TR B T 1R 2
77 YT, T E A E 2 B

FEMESE B SR W R B R R, GHRESE. . K. S rR AR TR
TESE . IS AR I FR R R . B R B, BHTHID i . MR [LAR TR St 7 b B b Rl s
WIHB BRI P L, RIS B8 T AR AN A 7 T AR LA, T DA AR S T 5 45 SR s v 1Y)
tefl. AR AR,

h

x100% Q)
+h

=4

Horb, p MRS h ONBEAIEIIRRE, mm; H ONIREZE &R, mm.
R R[S VPR Z BRI E B AR, IRJZ M9 R, IR R B, 50 (2) B
o
W

P=t @

L, PHBERE: W RRZERE, mm: H NRESE, mm.

TEHATIRE IO LSS, i i S iR E LB/ N A, DL BN R S5s, Fd
LB (OM), FLEL(SEM) S LSS ki 2544 . iy SRAAH 0 AT A 00, [RIBS ] LUd I B3 3 T (EDS) A, 1T LA
P TCRAEIRZ RIS, AR BAAE TR AT B S SR R, SR AWRE R &

2.2.3. BEMR

HATAIE, CLGAVF 2 24 [16]-[ 18]I 7Tk WA RE B 5 B M A2 B E Lh i), WOk T 5 (iR 2 18 5 T
(147 [F) B A 5 P R Bl 2 Bk G o BT DA i 2 3 A 7080 B g D AN ] 2D g o i R FH 4 D S U het B2 1
Hi A 300 g, MNEREKSA 15's, MIRETEBIFAG A NG 0.1 mm BL—A~ e, KFJ5 B3T3 A fHCE
B, BT ASCR A Z 8 BT R, &R AR AT R B 94, R E e 3
T, AP R S v
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Figure 3. Schematic diagram of hardness test
E 3. EEMNSREE

3. LWHERSTTR
3.1. RERNENER

RIS 4 Fros, AT BUE B E R 95, AEEN R AR, &Y
AR R AR S G ERE. A 4 AT BUE H (7) S A R bl 5. RIEHOLRER 23
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[19]7T %0, (7)FiREMLL T HARZ, BotreEMmAT R, bR R AERIZIN R R, 3808 ERE 40T
FRILG, B LN GaxX B (1) ) R A, TR A 7 R Y R B A 1S O D R A R A . ot
AR ARE):

P
“bv )

Horb, PORBOCTIZR. D RCPEER . V ORI . ARSI P0G E AR D (4 mm) 2 REFAAZ 1

E

Figure 4. Macroscopic topography of the coating
4. RBHIERFER

3.2. RENRURHR

HHAFEHIR 2 B A S8 KRBT XRD MR b #r, 531K 5, FERPATLE Y, Sntiosit
FEZ )5, WRAEER R TR R 20 SR AT S G, X R IHEA B s i 4s e . E2E 5 ARMLE,
WA RAAAR, ST %N(111), (200), (220), (311), (222), X €237 )7 (FCC)4ik .

(111)

Intensity/a.u.

" I\ g RS
#
A
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Figure 5. XRD patterns of coatings and high-entropy alloy powders
E 5 AREMSHEEEMRE XRD EiE

it 't B (OM) A i HL B (SEM)XHR AR B IR SR BEAT HE— 2P R 5 0 # o BliE sl T A b AR L B
5 6 P . MR 6 HIESIFSE &% 3 A, W1 Al LS B, IR WOt RE RS LR MK,
WO e 5 BRI IR BLROR, TR 2 v B 5218 M i R SRR, IR R ORI R e s o B
sz gh, FEH@). (). (h)RIEHR A R A ISR, XRURE SRR E &AL T RIFH)
IR RN SRR, RR SRR SR, AT WA H 12 g/min (RERE AR AR
@), (e). (HILBEE, RUOLRERE SIEMER ALK . BRI E SRR & RIF, 1

TR ARAMRG . ASCR AR ZE 777 1258 — P BO IR 4 MR 24
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R M e 2R AR BB ARG 1] 6 IR/ IR 2 IR B L AT IR AR R I L BT B, 0l it
SN MR FEMIR 2 i BEBCT M8, JB/NRTE, FREESRI R R E i 45 R A 4 R

Figure 6. Cross-sectional melt pool morphology of the specimen block

B 6. i m Rt

Rt AR ZRAR B Z O S5, RADEB(OMYM R 25 e 7 fos . 1878 2 kA K
77 I AR i A 4 F B (SEM) 45 SR 4n 4] 8 s .

£ ) S 100um
(c) W= TR (d) FAEX
Figure 7. OM topography of the coating
7. REH OM T3

]
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SEM HV: 15.0 kV WD: 8.07 mm MIRA3 TESCAN SEM HV: WD: 8.00 mm MIRA3 TESCAN
SEM MAG: 1.00 kx Det: SE 50 pm SEM MAG: kx Det: BSE 50 pm
View field: 277 ym | Date(m/dly): 07/18/24 e ZKKF—mmmev View field: 277 ym | Date(m/dly): 07/18/24 e ZKKF—memer

(a) #E L&D (b) RET#B

Figure 8. SEM topography of the coating
8. iR/ZHY SEM 25

ME 7. B 8 TR A BIRE fhiR R LUE T R AT, IR)ZHSURE T 2 UK S AR SR 2. 151 8(a)
HRDE H, SREREEX ARG E, WFEEX FERR LI, Siohr iR iz i e A2 MR s
M 8(D) AT LAty )2 RS 2 B AT AR o R BF E B [ B VR T AN [20] kA ZH 2R T30 5 TR
JE(G) A FE R (R LLAE A 5% AEIRIZA %, BEFDEARER, M GIR LR, T/ IR IR M i 5
FEMRIZ IR, IR RERUR, M GIR EHUK, TR S B B f . TI7E G/R fELE H HIR 2 H &
JSAE R i RS ASE it AT SRR OV 45 2L 2 L el AR IR B A 2R T ) S2 3T I RE R, T DAE $E 4 X ]
PR3 L PR T A AR i AR o

33. REEE

WIZIREFE AN 5], #978 180~200 HVos, X2 H TIRIZHN FCC 45tl, FCC 254 I e Wi
RN, SHAEHZE PSS, R BRI EEE; #OEm X E S TR E S EM, Raibd
696 HVos: &M IITEE )y 248 HVos. B4R WA 10 Fros. g2 DXRE PR 38 hn i 3 22 5 R oo
Y BGIREE RN, BT A2 60 8N, RAR S &R, I HAEROCSE R AR PR %40,
B P TR 1 B S FAAR AT i Ak, 8 3k B S PR R A e 2 1 bR ) P A, (5 75 A g XA 5 2 T
e FAEEI XS 9 Bk .

RA3 TESCAN|

View field: 277 ym  Date(midiy): 07/18/24 e ZKKF e

Figure 9. Topography of the heat-affected zone
9. AEMIX LR
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Figure 10. Summary of hardness results
10. EESRLE

3.4, IEZSCISER
B IEAZSRIGF SR 4 B . B AR5 WEEMTICR, W4,

Table 4. Summary of orthogonal experimental results
F 4 EXEWERILCR

FE BotThEKW) BEEEMmMs) EMEZEQ/min)  BEE%) REAEH SRR E (HVos)

1 14 1 12 34.64% 3.8506 195.0736
2 14 2 15 21.67% 3.5731 186.7422
3 14 4 20 11.43% 3.0000 192.0531
4 1.6 1 15 35.01% 3.5370 182.7308
5 1.6 2 20 24.34% 3.1000 178.5135
6 16 4 12 37.16% 4.2695 180.0069
7 1.8 1 20 35.06% 6.2101 165.6341
8 1.8 2 12 47.61% 2.9103 195.8135
9 18 4 15 37.45% 3.3816 174.1619

RIE LSRR P RESE R, SaRhEdE, TUYLBARILUNEE: BEBOFRIEM,
WRIZ RN, (HRBOtREE K& SEUREM R RAMABOE L Bothe s N e 8
BIARIEA T2 PR EA OB ES TR A A THOGTIE, R0 BRI Ryl 20 iR E M
BRI, (X R B LA S R B i S 25 o AR R P i AN RE 0T i RS B ik
T B R HEAT 2D B AR B A R E A DA A
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3.5. IREDHT

RS ZN G ZAZILL T 25 N ORER R MR KCPIIT a4 R M n NREERZR TR
KPS RFECFAME: R AR Z MR ZEE . REE RN T RR PR, W&
RETRZAEXT B IR R @R, WA /NUARERAZAE X S R R AR o IR AL By C 20 5% 1

BOCTIR (AL kw). FAFEEEE (AL mm/s). R E R (AL g/min).
e R A 22 A AT 38 WL 3K 5

Table 5. Very poor dilution analysis results

=5 BREMESNLE

MR Kz A A% B K% C
N1 67.74% 104.71% 119.41%
N2 96.51% 93.62% 94.13%
N3 120.12% 86.04% 70.83%
nl 22.58% 34.90% 39.80%
n2 32.17% 31.21% 31.38%
n3 40.04% 28.68% 23.61%
R 17.46% 6.22% 16.19%

R ERPFESR n (AR ERA T, BEEROCTIZRIE M, MR, b6 5 Ak
KR I, BT B o AR s, WO T e S0 PR T i 23 ) I (R B ZE (L (R) 70 Tl /2 17.46%-
6.22%. 16.19%, 1T H{H 17.46% >16.19% >6.22%, AT LAXHRERFE R MG KRR EOEThR, HikZ
R, AR REREE . B RN T RS R R, T E IR S5 T R
BOLTHER 1400 W F93553E FE 4 mm/s. 368582 20 g/min. [F1FE, R 2 HOM SR FE 1150 F 3

BRI R BB S pr s R L 6.

Table 6. Forming coefficient range analysis results

6. EIRBIREDINER

[E%LEY HEA K% B K% C
N1 10.4237 13.5977 11.0304
N2 10.9065 9.5731 10.4917
N3 12.5012 10.6511 12.3101
nl 3.4745 45326 3.6768
n2 3.6355 3.1910 3.4972
n3 4.1673 3.5503 4.1033

R 0.6928 1.3416 0.6061

MRIE e 6 TR vk, B BOEThER G N, B R BB IGO0 B 2 il P R S R 1
B RBEUE 20N K . I ERIRIL 7 % K2 iR 2 B R AR g, 45 S RoR
FETNER L FHH 3 RNy 3o R ) N7 R A ZE (1 40 il /2 0.6928. 1.3416. 0.6061, H T3l 1.341 > 0.6928 >
0.6061, FHULAT AN T4 2 B KRB ORI HHHE, HUORBOEIIER, RjaRshiEER. midik
PR R B L% DR 2 R e KA, P DA i R B e =i I 255 7 2 0B T3 1800 W 4l 1
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mm/s. X3 EE 20 g/min.
P35 B GURE BE PR A 2 S T A R LA 7

Table 7. Average microhardness range analysis results
F= 7. EHRBEERESTER

A K& A K% B F#% C
N1 573.8689 543.4385 570.8940
N2 541.2512 561.0692 543.6349
N3 535.6095 546.2219 536.2007
nl 191.2896 181.1461 190.2980
n2 180.4170 187.0231 181.2116
n3 178.5365 182.0740 178.7336

R 12.7531 5.8770 11.5644

HRAE~F-35) RAMRE B n S m R, B WOG DI AR s A R G 0, AR RN s e
FARE I I0, U R SR BN BN R S . =N ASTRIR 3 O6) B AR ZE 43 il f2 12,7531 11.5644 .
5.8770, T #({H 12.7531 >11.5644 >5.8770, IRAEZE MIGuitah R v DUE HX Tk 2 0 il B 5 i A2
MR ENINHEFI G A WOETh 26 Ml ST RE, AR 1 % S5 T R P e L, S TORet B Ay
2% 77 ZEFEHOETh 2 1400 W, S 2 mm/s. iE¥# 2 12 g/min.

LA R TR . A REORIRE 2 (1 B KF, IARAM S HOE OGN 1400 W,
FRGEE 1 mm/s, Xk EZ 20 gimin. ZSECF R ERTWE 11 PR, R E RIRREEA:
18.12%. I RHCH: 357, WEPIIEEN: 170.65 HVos.

© (@)

Figure 11. Stereo mirrors at different scanning speeds
11. TEHIEEE TSR
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HR4E ER S8, A R a1 R R A3 K RIS S RS, N T EIRIR U AE
SHAF B ERA R REL, RIS T B 2 08 AR E IR BT A, B A B = AR A R
ERHISH, AT RIERER LR, BT LA

WEHMEE S HN: 2 mm/s. 4 mm/s. 8 mm/s, EHIRNE 11 Fi(b) (c) (d), AR SEM i
MG 12 iR,

FERIRZ IR . AR, AR REUC AL 8.

“ - — "o paler 5 3 i . :
SEM HV: 15.0 kV. wD:807mm | | MIRA3 TESCAN|  SEM HV: 15.0 kV wo:751mm | WD: 8.40 mm
SEM MAG: 5.00 kx Det: SE 10 um SEM MAG: 5.00 kx Det: BSE 10 ym Det: BSE 10 um
View field: 5.4 um | Date(m/dly): 07/18/24 View field: 5.4 um | Date(m/dly): 07/18/24

®) © @

Figure 12. SEM images at different scanning speeds (b) 2 mm/s, (c) 4 mm/s, (d) 8 mm/s
12. AEFAHEE THI SEM Bf&(b) 2 mm/s, (c) 4 mm/s, (d) 8 mm/s

AFEFRE T RMRER . R R BRI S K 8,

Table 8. Results under different scan speed parameters
# 8. TEFIMEENSHTER

& TR (%) R RE T3 B (HVoss)
a 18.12% 3.5768 170.65
b 10.5% 4.1063 179.75
c 15.5% 4.3542 181.25
d 18.86% 3.3856 180.33

%8 PHHERY], BAETHEE NG R, SR RIS KRR Y. S 12 RO
HHT, ATUAR R R I RON AL A R R, P RE il ¢ IO dRRLE A/ o KRG B 7R (AT 280 (Hall-Petch
effect) [21], AR IREES SR ROCT VIR, SoRDERg, APk} om e s . B2 7R oy RO B3R
EAN:

(4)

o, =0,+

Jd
K, o, AMEHEIRIERE, oo AMEPIRHIEIRGREE, K AR, Vd RRRS . MATATLL
B, SRRGE d U, JEIRGEE o BE . B, FERD o i T RiEON N, R AR . S5
Kb, REREREN LZSE0EF NEOCTIR 1400 W, H3H5ESE 4 mm/s. 1EF#E 2 20 g/min.

3.6. AEINGE

BOLIEM HE ) T ESHONTIRZ BOY Sk A B 252, B TS5, i m s AeR,
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TG, TR

VS FLAERRE DA ARAL dk . A A Sp 3T [R) S5 3B MO B A il i vl 45 B3 R RSHI O KT, 6
HHEEFE VTS, HETRE Z L 2ZNRELZSECN: BothZ 1400W, BOCHREEE 4mm/s,
22 30%, EFIESE 20 g/min, fRYPAIRE 5 Limin, BRI E 15 Limin.

4, &Eig

A FUR ] CL60 #8 44, CrMnFeCoNi i & Sy ARV A kL, I IR Se i vH At O I
MR ESE, B TARBOGTIZE . SR ARk 2R 0 iR 2 A o SO S e, R
LR UT

(1) MRAEIEAS SR LK S S B A SR R 45 R AT Hh S EE MO B T 23402 WOtTh% 1400 W,
WOCTIHEZ 4 mm/s, EHER 20 gimin, X BT U 45 RO Ja S I A I BE FAR ST Bt TR = 1 fe 1t
T EER RS AR .

(2) TEZSHRRIZMERERIFEMARREEAT « X FRE AR MM )R BMRUCTEOL T & L 15k R, H
FAE L s R A R B S MR B IMK O AHE L  BOLThAR . IR0 A XRERE (i R B /MR
UORBOETA . IER AR FIEE . Hd, BOLTh IR R ML R on B2, IR
REFISCHE S A IRy R T B MR R A4 & i F IR ) 2 28 S i B 2 (0 3 L (2 2 %), [
IR A — M. Bk, fESERR T2, NARSE IR B EOL DR DA R MR R M L, (Rl i
AR A R R B RS I E R BAT IR, DASCELIR R SR S PR A T R TT

(3) Frxt A A O E B m R A eIRE, TS R = 5 P IR RRIERE 1 7 IR IR
A, BT LA R B AN LR EAT WO B SR IR N, N1 B v WA ) R B A5 705, TR E SR, IR
FEIRE. S5 aRIUEMItt, LASCHlm b s R T RO A R 2
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