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Abstract

The central and western region of Inner Mongolia is in the center of the high-activity
area in Northern China. In this area, the steel-structure coating of bridge, communication
tower and transmission is seriously eroded by sandstorms. After the coating damage,
steel-structure surface exposed and rusted, leaded to the durability and security of
steel-structure system decline, caused a huge loss to national economy. The thesis based on
analyzing sandstorm environmental characteristics in the central and western region of
Inner Mongolia, carried out the coating performance test and theoretical analysis, studied
on the mechanical properties, erosion wear properties and tribological performance of the
steel-structure coating. This subject is a part of national natural science fund project (Grant
n0.11162011) and Inner Mongolia autonomous region of natural science fund project
(Grant n0.2009 MS0706) ;Specific content as follows:

1. Analyzing the sandstorm weather and erosion mechanics parameters in the central
and western region of Inner Mongolia. Based on the sandstorm weather information in the
central and western region of Inner Mongolia; Analyzed the sandstorm moving path in
China, the space-time distribution features and erosion mechanics parameters (sand
particle characteristics, sand speed, sand concentration) of sandstorm.

2. Preparing the steel-structure coating, and determination of the mechanical
properties of the steel-structure coating. Use coating spraying equipment to make the
steel-structure coating. Measure the thickness of the steel-structure coating by micrometer;
By the traditional method to measure volume and quality of the coating to calculate the
density; Pencil hardness method is used to measure the hardness of the coating; Using
flexibility tester to test the flexibility of the coating; The adhesion of the steel-structure
coating is measured by adhesion tester; By the electronic tensile machine to test the
coating/substrate bonding strength.

3. Using airflow jet with sand which can simulate the sandstorm environment of the
central and western regions of Inner Mongolia to conduct erosion experiment of the
steel-structure coating in different erosion speed, erosion angle, erosion concentration and
erosion time. Study on erosion mass loss variation at different sand erosion mechanics

parameters, and analyze the erosion wear resistance. Using scanning electron microscopy
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(SEM) observed the micro failure surface of the steel-structure coating, and analyzed its
erosion damage mechanism.

4. Studied the tribological properties of the steel-structure coating. Using friction
coefficient tester to test the dynamic and static friction coefficient; Using friction wear
tester to test the wear resistance of the steel-structure coating; Evaluation the tribological
performance of the steel-structure coating; Using the tribology quantitative forecast model
of erosion rate, through erosion experiment results to calculate the impact friction
coefficient of the steel-structure coating, analyzed the impact friction performance of the
coating.

Finally, summarize the experimental study and theoretical calculation of the thesis,
and discuses the further research directions.

Key words: Sandstorm; Erosion wear; Steel-structure coating, Micro-cutting; Impact

friction coefficient
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08:00~20:00 YDA K A MIAIR K, 14:00 BHEFIERK; AR K AE KB EAE 3 2
HILFETJG 14:00~16:00, X FEZ H T KM PRATRE MK TIWARRS, T)a
Ry TR A 2 UG R 2 KAV R 2
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Fig.2-5 Sandstorm frequency daily distribution in the central

and western regions of Inner Mongolia

222 AR E) DT

P9 58T TR A X VD 2R BRI B AT DL 2-6. HTEIRTAL, S it X
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WA B XA 40 SEP I REEID AR BRI AEBR KT 25 H,
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B s o000
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B 2-6 AEE T HIAME Y LR A E AL H)
Fig.2-6 Sandstorm space distribution in the central and western

regions of Inner Mongolia(Unit: day)
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23 USHEZERMNFESH

AR VAP 5 vk 0 S o] iz 1 3t [X s s BELYD9E L 0 7R 2 I [X P2 A 5 b T R A 3 8
TG WU BRI A SR PEAT TR T E - R, e iE G,
RS e, ABER 9T {8 MEr, S THARZY 145 3BT A% BV bR A [ 28 DY K
IO, WA G 71%, ARSI RN, AR 42700 T 07 2~ B X RID IR RERL
RO S5 I A 52 ey o 1 P DX R R L, B R A SE B i S

2.3.1 iR FHE4E

RPN IIRFAE 2 R I ZE P ) % 24—, RIDRHEAT, B3R )2
I B 45 PE REAN IR o VD RLIKRAE S EALFE VDR I LA AR FEAR o
1. WRLRIRLAR

JEAG TRV YRR A% BEAE R LE 0.25mm~0.5mm 2 8], 25 S8 m 95% 4 A
s WS BB R E B DRI R e, M BN 45.55%, HIBEEN
45.58%, WRIRIAR K ZETTE 0.125mm~0.5mm 2 |8 —FIRARTE BB .
2. WHRLHITIR

T 2 AR R AN VDBV R AT LRI, VR TR R A [ T B [
¥, RAEDEIIRMABRATE, X2 HTYRITEE B A i ] ) BS 4511 B o

2.3.2 MLiiRiRE

JRTD I TE P (R KN T V0 AR R IR TS R I X Y SR B e 5 M % J2 o e S 453 1)
—ANEBHRbR . RRGRE I R FER BN I8, WS T oE X 5 25 KOs
Am/s~6m/s, F V) RGE—MAE 3m/s L b, ZHIX R ITK, HERIEY (<dm/s)
Mg H #2709 200d~300d. KRR EZERAAERD, JUHZ 8 4 (17.3m/s~20.8m/s)
PRI R

2.3.3 RiDiRBIKE

PRI PR LB Vb B R AR . SCHER (7014858 1 R E) 4.24 Fromib R BRI
VD AR AL, PR BRIGZ AT (4 H 23 HD , PM10 H-PBIBEIRIE N 36.Tug/m’,
AR EBAR, 4 H 24 Hb ARG Vb B3R R IR IR T/ 200 24%, PMI10 KT
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6500ug/m?, 4 H 25 H PM10 N 2469.1ug/m?, 4 H 26 H PM10 B3] 780.8ug/m?, 7] L
VAR TR — IR FR I TR G o 36 2-2 2 SCHR (711380 G v Aok 3R vb AR R AU A
PURRIIR L, SID AR RAHAT T B, BHABERRSEHTE. SCk[72]1456 70
TEHEIAE, ANFEVSARAS b IR SR, WK 2-3 s

R 22 R F WA R L RASR ($45: mg/m?®)

Fig.2-2 Classification of dust and sand storm basic on particular

concentration (Unit: mg/ m?)

WA RS IR TSP R JZR(E (ZNEFHE)
PEEAN 1.O<TSP<2.0
b 2.0<TSP<5.0

PRANETS 5.0<TSP<9.0
SRV =9.0

& 2-3 RE AR REAN GG R RE

Fig.2-3 Different dust weather of dust concentration

AFEBARRI e wy AR Cibase S R Ve S

SEMME 0.358-1.051  1.208  3.956-6.31  12.06-28.43 33.46-1016

7SP(107 o / m’ :
(107 g /m) ZiEH 0.3-1 1-3 3-10 10-40 >40

2.4 REINGE

KRESHT T NG RIS D PR B RE VD AR R S, FEA L

I FEPERABINRAE TG =5k b, pEgmdbx, HArdexmidt
FRE I NS TP

2. WA PR X VD AR R I A AR AR S . (1) W AR B AE DL M
60~90 FAAKIE D, 2001~2010 FIGhEH, 2011~2013 FFIbAB KA XK —EAE
10 IREAPEN . (2) AnAilGilRib g AR EEE 4 A, sk 3~5 H,
RN EKER 7~10 H. (3) 08:00~20:00 ¥ 27 K A ISR K, 14:00 i 5]
Ko

3. WEE PRI X YD AR FR () S (A 0 A I Dl . Vb AR B R AR H Vh n) AR BT
B

4. SPHT T S PRI X R ) SRR s RO R |
JRGID L FEE 0 R (R R

)

2

A
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FZE NEMRERNFIEREYIENFHENE

EB=T WEHIRERSFREYENFERENE

3.1 WEEHIR R R =

PSSR R 2 I 26 £ ELO IR M AR e 3 . olPF AR . Wi E W
P DL KR 2 AR 56

3.11 AR RIS

1. b %

BRI R R ] R NN, e — R RABR. Bk, B B BV RS
B R AR, IR NN T N )Tz . BRI A A, — R EEM TN
BRI R RN H AR AL ], g S RSN . 1 RN A B
—E AR AE
2. WREMBH R

AT TR E AR e A H LR 5 T VA R B A2 7 R 55 i R L I R 5 45 8% (S
B A AL RATIHERA PR A 7 A 1) REL R (RED . MR IRHIE WL N3 3-1.

£ 3-1 AR

Fig.3-1 Paint characteristics

TR 44 PR 77 i 2 R 77 bR R Hig

WE 1R B o5 BERR A G B A5 A0RL TR, B S0 SRR EI R RS N

% URED SORL. BOFRIAE 4 AR R, S L&A e, BEENE
%, (ERIPIREEH .

=3 AR TAES HIBE IR A« BURL e I SN B FFHrE . o b5

I OB, BURIRGAFIA . AR SRWIELF . BE. SEE mai R .

3.1.2 R EHIREE

5455 B 1 SANOU Z S E4abl. K-3 BUBEEEe . M TAERE =304 . i FE
3-1 fion. BHESE: SJEN 0.8~1.0MPa, WigH RN 380V, SAKRE N 6~8m/min,
54 B 55 8 200mm~300mm .
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#E
$ K
;

P
. HERY ,
o R AR | | I4ZE
wE | | |

LA RHe
B 3-1 iR KETEH

Fig.3-1 Praying device schematic diagram

3.1.3 RZEBHIE

1. HWAREEAM R A AL AT B0, A TS Es A, I EE R AR
BRig, BROREEMRMECH. 8. Lhaldisy, 2SR E.

2. KRR IR B 40mm=40mm WIAN Fr 55 FH SRR AS 0 Ti%, TG & H

3. %M L ARt T = IR UCHYE ) (GB50205-2001) H “HNZ5 M iR3E T2
T ABRFATHHR . BHRI 9 T # IR B EM TR, 70 2 TR, B RIE RS
[E0) A9 72 ity R PRI T AR T ) o V% ) JER VAR R TR ] 3-2 ] 3-3 s e

B 3-2 XM &S A 3-3 XA mik

Fig.3-2 Specimen primer Fig.3-3 Specimen surface paint

3.2 LG R YR D 14 REF R FR AV E

RIZ B AV E BT AR AR TR R M L B RWME IR BRI
B ISR SR, HRIRERREE . . IRE S EM A RS &
SRR 5T SRR BRI G S AR AT A A
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BT WNEMRENTIEREYELFHENE

3.2.1 REEEMZEERNE

1 REWERE

CEEFRE L) (GB1764-79) H g BIIR JT V2 T 73 RO AN g 14 I A%
PR T, AL E Chum FoR o BEVEDN JEACEIN B LS Rz Rk, B, A
IR T ROE MBI 2R . Bk T4 RN 3-4 fos, a5 i) 2 K
U 3-5 Fios

B 3-4 T4 R B 3-5 K EHTER
Fig.3-4 Micrometer Fig.3-5 Specimen structure diagram

AR AT R IR R R, R B3 ANARB A, ROGETINE, B3
OO B PS5 ME BT AR () JE R o BHRTE RIS, FRRE T, P R 2 & 3
A IME, TR E P IMEC ZRURIRERE . R R EoR, JRERFYE
FELI 400um, TP EELIN 600um. B2 T4 JE A 1000um. 7k f
SRS ~FHEREGE, i SEE ER .

2. WIEE L&

SR I T8 AR REURA ot B () 4% 48 7 VR R T2 R S 3R AT U 2 o AR 17 13 5 >R FH 2 [
3-6 R BIMAHAL R, BRI IT 1R, HARFA:

HiH 1: V. =1.8cmx1.8cmx2.7cm = 8.748cm’ (3-1

BH 2: V, =1.8cmx1.8cmx2.5¢m =8.1cm’ (3-2)

B M EIIE R I 3-7 Froas BB R, R RS R, HllE
FEEEN 0.1mg, K IREMEEEAER, frARETEe RS, BEHRE. ALk
I ESE RN M, =1539g , M, =1837g. HLEEN:

M, 15.39¢g 3
=1 =19¢g/cm (3-3)
A v,  8.lem’ g
M, 1837g ;
= = =2.1g/cm (3-4)
Py TR 48
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P15 (3-3) M1 (3-4) 4, p=2.0g/cm’ s

‘-—!'—"

A 3-6 25

Fig.3-6 The mould Fig.3-7 Precise analytical balance

322 R EREENE

U 2 R R B R E LI 5 B AN M RR AR 5 I B AR bR . ARSI H% R GB/T
6739-1996 (iR MRAE AL HYE M E VL) W E IR ST . HYE AR RV R SR S bR
ATERIRIRIE, CARENS 5718 0R 2 B SR A R B 2 A B SR o U J2 B P 0 g 70
PRI E R e s s B 28, LRSS 9HL 8H. 7H. 6H. SH. 4H. 3H. 2H.
H. F. HB. B. 2B. 3B. 4B. 5B. 6B Jt 16 M2, 9H &fifi, 6B fi.

B 3-8 BRI AT A B ke, S v Ak 1)) — 38 B 2 A o BB A B, ]l
FERYE R HIR 5 38 . 5o e MR HERLE BB DU VT € U SR L o A SEIR I 8 BT
JEHERE N B 4, TR

B 3-8 IAJEALA AR LI

Fig.3-8 Pencil hardness test of the paint film
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BT WNEMRENTIEREYELFHENE

3.2.3 RERIRFMENE

TRIEFINE R IR Z1E B H AR B ARARILIZ B VI RE ST o« TRV RE R Z PR P RE (1
FRbR, WRIREN EE IR

ARSI AT AR MBI AN R SR GB1731-93 CERMBERBIMEN E ) e
A5 FH RV IE T S8 B R SR o RIS A I 1] 3-9 o, RS Y 7 D EARAS
(7 PR P s e [ 5 A R Ll bR ELARAKIRO 154 104 50 44 3. 2 A1 (Ffiz:
mm) o G IN RJZ SRHNE A DA SR IR ZBOR 1 S Nl BAR KRR . SERRARAERT
AR IER] L, TR R S T lae b, Sedide 25 i, 78 2~3 M sE, H 4
FBCR B BRI TR -

B 3-9 B JE T h b AL
Fig.3-9 The flexibility tester of the coating
TIMHEVEER 208 7T AEH, Phmm Rox, 298 15mm 10mm~ Smm~ 4mm-
3mm~ 2mm M 1mmo A 1mm BT, 15mm B2, RS ZTEN € 4
A dmm, MRS

3.2.4 REMENFRANE

btE IR PPN IR IZ TR — AN BB . AN BIRE, IR)Z AU R I
EIT, BIRZRE G IR

ASLIGARYE GB/T 9286-1998 (A AIE R AL RIAE BRI HFpl e il 5 vk
PR IE A8 DI GOEATINE o SIS0 B 3-10 FvR.
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B 3-10 # %44 5

Fig.3-10 Paint film scriber test
AR HERR I DB TR R IO BER G DUR VP A€ 82 KB 8 715840, SRER SR 73N 0~5
P 0 Juitf, 5 PiRE. ASLIMERRZ NS IEHN 0 %, RENREEHR
Mo

3.2.5 RE/EMNEEEENE

ZE G oL MR R M AR RE . VPO IR B VERER B B . 1 CEIABI K
WERAIG V) A TReh bl Nl 3-11) EREATIE, X 5 AMAFEREAT 5 Ol
B, BCPBHEAE S G N E fE

I IR R A B A e B Al 23 AE e L b, i 3-12, PREFlPFR I 3
BT M & SRR A0 — R HZ B, BL (521D mm/min 3 FERARAT 2
Bk, eI AT, BERIRE Y (23£2) C.

B 3-11 &F 7 fgdz A A A 3-12 2K T80
Fig.3-11 Electronic universal tensile machine Fig.3-12 The installation diagram
g sm s 3K
O':F/(axb) (3-5)
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o——4&5MmE (MPa);

F— il b Kl (ND;

a~ b——iEREEEIKMTE Cmm ).

X5 ANEEREAT 5 i, BOFIMEME RS G EE . Mg &5 Rk 3-2:
R 32 RELE IR MR R

Fig.3-2 Coating bond strength test results

WK 42 FR AR (MPa) EHME
TR IR EL 1 2 3 4 5 (MPa)
EE R 2.3 0.9 3.3 3.0 1.8 23

GRS M TS SR N 23MPa, SERERMK, XEERHTRESHN
SERFER 2 [ K RBURECIE R, — S, AV EIRREK 280 T 488
R 10 f5LL F

3.3 KB/

AREIER LS TR T =5 yE) (GB50205-2001), FI| FH MR 4%,
HIVE T SEBG 7% BANSS IR IZ,  FEXT NS IR 2 I 1 5 R AT 1€ «

1. R T ROEDR T2 0B, MRS B RN, R 1T 35 S FE 228 400um
BRI R FEL 0 600um, iR )= 1~ EE R 1000um . [F— R 5. ~F
BT

2. %M GB/T 6739-1996 (iRMEMiEE 4T EME R WE TIRZMAERE . Wl R
BIRRERTEEA B %, WU,

3. f PR BAPEAY, 108 E S AR GB 1731-93 (AL PINEN %) T3z 1)
HBREIGE TIRZFINE . ARSI 1R Z P MEN € 45 9 4mm, FEHINEELT .

4. R4 GB/T 9286-1998 (g FIiEER BN A RIA% 50 ) HhRI e (R T7 V200
TR IS5 34T 1IN E o A SIS 58 IR JZ I 5 159008 0 94, IR JZ 5 Tk

5. KM CERFPIKEREHALR 7)Y AT T Rehr UL E iR 2/ B0 45 & 9 1)
WE AT TIE . WRIESEMI PG RN 23MPa, 456 8EERAK.
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ARE LA XFMEF AL

EINE RIS FREHS R S 5

A TRV RIS E AT 1 IO NN EE A IR 2 (i s, B9 7 ANE
PRORIRPE A DI P AN () S5 b it 77 27 2 50 AN AS AR 2 ) b P B 453 K T B
WAL, A g i E SR e PSR (SEMD LN 1 AN 45 H TR = BOBROU 2%
BRI, 3 T E R LR .

4.1 KW FENSKNRE

BT ARSI T, RIS %, I, RSOGO A8 N S
JERS RS, 7 RS AUE T, H RN BN USRI XD MR NS
R I B AR ) S T

4.1.1 LWHE

H R, 38R WARIE RE T 58 2B AP PRBE R b P8 ik o 1R A AU P AR
PR e o PR 457 ST 36 U5 2 2 A R AR R kB AR SRS L DA A UL SR R BRI A

AL BRI TTVE B THRAE, (HR KL TS e B hnid 52 JPIRES 5 SEhR AT, ARg
A3 AL, SEBR 1) AD A5G - LS UL S B0V B A RO AU S B R KD 3R 85, (B K
BRI A, SRS TR RRPDBUNE R E R AR IR RS,
22 B IR IR T, BRI R A REEEAT pR i 25k T2 TR
G A R A BT, BN S AR S SEPR R bR, A2 — s Y
R S8 5 s

ARSOR Y R UERID WSS VR A S A8 B R AT D IR (18 of o P 453 S B8 T 7T

4.1.2 SEIG%

I B RPN 4-1 fron, IR E R AR EAS. D RS. il ARG=
. R IR R GUEAE SANOU USRSl AURR. TRIEIR. U REE
BIb R Ge VDR AT B 0 A AL, YR R E N g T 1k
i b E, AT S i ek DI BE (2] i R G 2wt i
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EME  RKDIME T RGBSR

PERELEH R, ik — A A TD I8, 3 — T it vb bk AT milie, e Romy
FE0° ~90° Y AT b A 2, e R A B T REAT IR . Ak, RITR
AR 5E b DI L, 38 I R S AT AR PR . ] 4-2 Fos
Ik B K

i H
s

Fig.4-1 The principle diagram of the erosion device

BEEGH.

B 4-1 ik AR KR BRI K

B 4-2 FikEREREE

Fig.4-2 The erosion device
4.2 Kb ik B % RE RPN IR T AR

L. R AL AP AR T

VB 5 R AL VP P PSS R BE R — S S ) L. AT T b e R R A 1
BITEA FCEARRNE L BUIEIIE L TEUR I [F) 2 38 I R A0 RO AR AR 5 vk
o HrpFiESURIE (WRRRETED 2@ AR P TS 52 AR PR He
PREEIARESE . T2 P TR, MBS R R, A b i B S A BoR o
EAL, PN
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2. MR P T VA

PR ik 222 VP @ A RHI e BE A S5 IR B AR A, B A S R i 2R 1 T
FEH PN T RGN VR AR R B
a. R EFENEL

Jo B A T v o U b b T S AR R AR T B R B T H R
TEN . ke (o) AN R A R

e=M B}k B (mg)/ B KL & (g) (4-1)
b. ARG EL

AR BRI VR A A 4 SRS T 5 AR AR AR A T SR B A R 1) D7 v I AR

FERT ARAL A BB 1A . RRREER R By (mm® .g) FHAN A 0K

E, =(m,—m)/(pm) (4-2)
X, p RIEAREER, g.om™s my ARG E, g m APl 5 R 1)
&, g; m ABKRERE, kg-

25 FRR, ASCRAEWT I HRE L SR BUERIE VL CREVR) RIFE WL
WERI P B R B, SR R SRR AR BT ph i PR e o DU E I R b, R AR
SERFEAERA PR A A A 771K FAJJA FEE HTRF CREFEN 0.1mg) P& ph X501 5
WEENAZWAM CRAL: mg) REE BRI R EE, RPFUE 3-7 s,

3. PPk B 7
MRS (SEM) WEM B IEAL, @ T304, PRI AR L3 .

43 bR NZESHN T RIZE
4.3.1 S RIBYFFE S

IORL R AR AE S DA e 451 ) T2 BN IR 3R, AL SRR T Vb RL ARRLAR 23 A7 T
IR EERNE FERE , RHARNAR TC i 453 ) B A5 M LB 25 25 OC J . ARSIy v i P 8 14
YORE T A HE PN S 74 T XS 2R 2 i i SR T S ) A T DT AT BT iz 3 X S
Y. FEAT TS T E S -ERVE, STARA) 145 T, Wb 4 b 61%.
s s BELYD R vh [ (R 2B DU R YDBE,  THIAR 42,700 ~F 75 A B, WAV L W
S Lt B ST SR SRS 3T o K YN RE PN S R P A X 1 B D i,
e HUX P9 Ak s LA B ) AR T AN SRR

IR ) E BB S U SRR AL, A SR A Y 2
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EME  RKDIME T RGBSR

90%LA o ASZIG N VBRI IRFIEREAT T 0 R 4047
L. VRLIRLAR 73 #7

SIS R I R BT T R VDB RERLAR 1) 20 A 1 O, S8 T 280 1)
UE 4-3 fTs .

N

=
d\
=

& 4-3 555

Fig.4-3 Sieve
i LR EE T 058 0.5mm 0.25mm~ 0.1mm A1 0.05mm, FH TR
PR 250g VW7, TRaRyEaERESRALENKES, Mo mtn. &
SEIGET X AV B S AT T AR 43 SE 56, Vo RERLAR AR A4V Bl 2 P 3 W3R 4-1 (a)
R 4-1(b)
R A4-1(a) BA IR I¥ ity A (mm)

Tab.4-1 (a) The size of sand in KuBuQi desert (mm)

KAt /mm >0.5 0.5-0.25 0.25-0.1 0.1-0.05 <0.05

ALTEE 0.60-0.72 1.64-1.84 49.88-52.44 36.44-38.20 8.16-9.72

HE (%)
SERE 0.67 1.75 50.80 37.52 8.95

% 4-1(b) AR B VAR ZE A (mm)

Tab.4-1 (b) The size of sand in TengGeLi desert (mm)

KAt /mm >0.5 0.5-0.25 0.25-0.1 0.1-0.05 <0.05

AT 0.80-1.36  4.32-6.00 48.12-49.64 41.32-42.48 2.20-2.56

HE (%)
FME 1.13 5.17 48.99 42.01 2.40
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100 |-| —=— EEfpE -2
|| e BEtEE .
80t
S
B eof
% L
S 40F
ﬁf !
= 20}
- ./
0 | [ ]
1 L 1 L 1 L 1 L 1 L 1
00 01 02 03 04 05 06

IDRIAAZ /mm

B 4-4 Fks A o 4,
Fig.4-4 Grading curve
& 4-1 ARSI RDRAS 32 B3 A L 0.05mm~0.25mm (8], {EULIX AP,
b iz & mik®) 87%LL E, 0.25mm LA AN 0.05mm LR BT &5 & & LA 2 10%,
ORI L s — . T BRI R 28 (i 4-4) ERTLAE 1, B Ak 2
We i 2R A A AR — B, ORI e — 2. 10 EL 3 10 U0k 2 IC i 2R AR LU e B, 15 P
PRANEB I B B R IEAS R
2. VRLEITEAR
s B ARG R R 2 /) AR 7= B B lse. (B 4-50 56 Kb KL 7 IR
BEAT LI, W &5 R 4-6 B . WORLEIEAREE A RIATE SRR EE, RADER
KLY, X EE T YRR Vb b IS [B]3E 2 i 2 o A B4 o R A

B 4-5 S DA

Fig.4-5 Optical microscope
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e R - b S \ -
(a) BAn i (b) Bt 2V E
B 4-6 DaRIR
Fig.4-6 The shape of sand

3. YRL A AE

JEAR HIDEVY RS IRAE SR 6 2%, A% BLyb BRI B IRAE RS 7 2.
4. VURLH 5

FEAT HVP BRI SR 2.7 g/ om® s RS BLYDEID R E N 2.65 g/ em® .

4.3.2 KmeihiR % E

RGP LT A 5 MR SR R B R ) AN R —, T 4 RV
CEIRIE V<Tm/s) SPRFZIEN,  H A S A o8 5 HL X 0 28 R AR XD i B
42 RARaR)FR L

Tab.4-2 The grade of wind-speed

2T 3K e AR 1 X (m/s)

W15

PG - 35 X

1 0.3~1.5 1
2 1.6~3.4 2
3 3.5~55 4
4 5.6~8.0 7
5 8.1~10.8 9
6 10.9~13.9 12
7 14.0~17.2 16
8 17.3~20.8 19
9 20.9~24.8 23
10 24.9~28.8 26
11 28.9~33.6 31
12 33.7~38.6 35

LRI ATLE Im/s~26m/s NG N, RIER 4-2 BWE 7 A KA R N 5238 o
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B X B X E, 508 13m/s 16m/ss 18m/s« 20m/s< 23m/s< 26m/s K1 30m/s.
SEIG S A Y5 KA23/33 1/ KGR & Kb ymiis i, vk o il S e &
TEFOINE f5 BIA IR Z R, N NTERRZ SR 7Dk B A T RGE, X e {3 an

K 4-7 Fiors

B 4-7 Rag AL

Fig.4-7 Anemometer

4.3.3 QD HAR IR A E IR E

N TSR] A B ik BE A I 5, B E D R 2 B B KR LA, AR SR B
T 6NMELE, RN 157, 307, 45°, 60°. 75°F1 907, SEI& kA b T e b IS
BRI B ke fa bl b i/ . Feds s A B 4-8 Ao

A 4-8 £ LA

Fig.4-8 Fixture
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EME RSHE T REDRE R RER Tz

4.3.4 Rk Bl

A AR VDA (g/lmin) RARAU A 5 PG 3t DXCAN[RI VD AR RN 1 o e
PEATG DL P ™Sl b A RAHAT T B S, BT T aRIb AR R WA R, b
RIPDBIREE, X R R U N RFTR

R A3 W ERAER 5REA T X F

Tab. 4-3 The dust weather with the corresponding concentration

WARRAIIR b VTS LN NE TS
YR (g/m’) 800~3000 3000~9000 9000~15000

A SO IR AR S PR R X, RN AGE LT AL b E . X
WIREVERESL N, WXIPRRE O -
O=4Av (4-3)
X, QNN E, AL NEPE, m’ /s ARSI, m’; v
HNRIPTIEEE, m/s
G O VAT T AR

A=7R*=3.14x231> =16.8mm* =1.68x107°> m> (4-4)
o M
W$WES=§- (4-5)

L, SHRBED RV RIKE, g/m’e M N TFWE, g/s.
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Fig.4-9 The relationship between erosion mass-loss and erosion-speed

Kl 4-10 AEPPIRAFE R 45° A1 90° , RN ZKN 150g/min, WA 12min 15644
N WIEH RS RIDFEEE Vim/s) I8 F 2R I o pH i 236 it 2 1R AR AH %
FRATED, 45° WP pbplod AR T PSRRI B, A B e e R B 2 v
<16m/s b}, ik EHENE, J&TICEMPMH B, R REERUIC, WKL
HRERRIAES, BT EERAKTESER/DN, NREERERT A TR AR P
FUAIE], AT A R D TAE V= 16m/s I, BT R B, H
TR, phdiRe R, kR E R IME KRS, fERERTE MK
KAEGREGFIVIE], bl FREER iR )2, A WIAG 7 A AR T HE R HET,
MEHR RN EZ . TAE 90° B, HTHEEANAEKT 5, Bk, A S

32



EME  RKDIME T RGBSR

BrBL ANRERIEMIIX 5>

—e—00°

i
AN

o

N

o
T

gj: 0.10 F //
005F /./.
I . .
o/°/.
000 1 1 " 1 " 1 1 1
12 14 16 18 20 22 24 26 28 30 32
JHHHLER BE (m/s)

B 4-10 iR R iR 5 5 o kiR A K A
Fig.4-10 The relationship between erosion mass-loss and erosion rate
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Fig.4-11 Erosion rate and erosion speed curve fitting at 45°
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Fig.4-12 Erosion rate and erosion speed curve fitting at 90°
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Fig.4-13 The relationship between erosion mass-loss and erosion angle
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Fig.4-14 The erosion surface SEM morphology of the coating at 15°
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Fig.4-15 The erosion surface SEM morphology of the coating at 45°
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Fig.4-16 The erosion surface SEM morp
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Fig.4-17 The erosion surface SEM morphology of the coating at 90°
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Fig.4-18 The relationship between erosion mass-loss and sand-dose

4.4.4 XU e B (8] X6 3k = o o A AR B 32 )

TIF AR 485 KA U S5 0 st B 45 52 T T R 20, g B 2 R b il R 43 By B TR AT
T ARSI, XHRERN Ss BT RORER R T k2 BRURE 5 E
156 2R LA S s 2 v et 28 B BT I B3R R R

P 4-19 FII 4-20 P 2R 26m/s, R0 3N 300g/min, R 8] R 13min.
HH P 4-19 TT 51, AN R v B2 I i 2 I SR AR K B B B I [A) KB R et Kola#s, B

I 2R P I A B AT 90° B K& H . HIE 4-20 TN, R)E RIS
FEAFAE W B OB AR, ik IR RS e . ph ik f N 45° B, pP sk TEIAE 0s~25s
TR, 255~100s MEY], 100s 2 JGBEAFGEW]: i EEy 90° I, phidhust
[AI7E 0s~50s NIEARIA, 50s~170s AMEIA, 170s Z G #EAFRE I 90° B BTEEAR A
AU R . BRI, 45° BIpbihEeh®, (HR24E 90° B, Il ihZ T
FUERIE O, X FESREHTAE 90° My, BT AH KPR FRNGRE, B2
Lo CHE” LG, M ERRN, SrbEAEA R, —RIKAE TR R
MR SN TR, ASCH 45° BRA A RN ERIILE.

38



EME  RKDIME T RGBSR

0.25

—=—45°

020l |—*—90° /

20151 .
I s
HEH ./.
Koor -
0.05 - e

0.00
FRRNEN YR I [T YN [N Y AT AU TSI U U S S
0 50 100150200250300350400450500550600650700750

AT 8] /s

B 4-19 TR AR TRERBRES S F IR X 2

Fig.4-19 The relationship between erosion mass-loss and erosion-time at different angle
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Fig.4-20 The relationship between erosion rate and erosion-time at different angle
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Fig.4-21 The relationship between erosion mass-loss and erosion-time at

different erosion speed
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Fig.4-22 The relationship between erosion rate and erosion-time at

different erosion speed
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Fig.4-23 The relationship between erosion mass-loss and erosion-time

at different sand-dose

0.16 -
- -~ F/l\./-\./l\.i./.\./
0.14 - o
L ‘,ﬂ'
0.12 - .
= 3 -
3010 &
[e)) -
E L =
~ u
$¢ 0.08 - '/ ) 600 o0 o . '
=a) | *ﬂ
E 0.06 - ..
—=&— 240g/min
004 _ ——90g/min
0.02 -
A N N T T T T T T N N T e

0 50 100150200250300350400450500550600650700750

AT (8] /s

A 424 AR T Eprek Gt Tix i B
Fig.4-24 The relationship between erosion rate and erosion-time at different sand-dose
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Fig.5-3 The erosion speed with the corresponding concentration impact friction

coefficient at 45°

vV (m/s) 13 16 18 20 23 26 30
& (SEBAH mg/g) 0.040 0.051 0.089 0.106 0.16 0.2 0.252
f GHEARED 0.33 0.22 0.33 0.28 0.33 0.29 0.24

GE: 2K 53 P AiRFegit L8242 H mgkg)
K 5-430° B RGYAIRE VHTRE L6 BTRE R0 o B A S
Fig.5-4 The erosion speed with the corresponding concentration impact friction

coefficient at 30°

vV Gm/s) 13 16 18 20 23 26 30

& (CEIE mg/g) 0.039  0.047  0.088  0.099  0.141 0.19 0223
S GFREAED 0.37 0.24 0.37 0.31 0.35 0.32 0.25
4. iy BERE A b id A R AR AR
F 5.5 MK 5-6 S AE NI ERI N 150g/min A1 240g/min, MTEFE Sy 20m/s I},
AN [E) LA I Bkl N7 ) ek PR S i FHR AT, vt R S A0 ot A 2 S BRI
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PIAWIIE R, Rk J2 T 0] 3 J3 88k, R R B D3 AN BTG R, DRI v o R 4%
FEE A R R R

BeAh, R AT, bl BEEE RS R B A AR 2, 2, <450 I,
PP EEHE R BRI PRI R, M o, >45° B, el BE R R BN P R AR B 2 98
N,

A 5-5 TV & 150g/min 0 TE) A L AT3E R g o 5 B 23 f
Fig.5-5 The different angle with the corresponding concentration impact friction

coefficient at 150g/min

g D 30 45 60 75
& (SEIME mg/g) 0.099 0.106 0.048 0.016
f GEHEAD 0.31 0.28 0.13 0.07

R 5-6 F iV E 240g/min b F) A TR 64 o kBB R AL S
Fig.5-6 The different angle with the corresponding concentration impact friction

coefficient at 240g/min

M C° ) 30 45 60 75
& (SEBE mg/g) 0.108 0.116 0.063 0.020
f GHFEAED 0.35 0.34 0.21 0.14

S 5-5 F13R 5-6, FVDFR N 240g/min W) BEHE 2 B0 RV ERN 150g/min
IR ek b, RSO RTIFE R P B R VR PRl R R, TR KA,
[Fl— B Z b 2R B R TR PR 2, s BB 2, R F 3 o BE i
IR, RZWEN

HH T ol BE S R B H ik n A L b A AR WL B0 T8 R DA R R A TR 3R
RISZI, BB b o BEHE RO — R XS, ARSI st ss, W 1ot s
PRV RBOIHAT b, HAE IRy TR SEhrfe i 2% .

5.4 IRE NG

A E L SLIGHE TN B B, B T INGE M IR B AERR DDA B BRI RE, AN
NI A N BRI RS, EERH LTI A8
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