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Abstract：The ultimate methods for solving the contamination of Crs+镕to replace the Cr electro—

plating with other techniques，thelmal spray provides one of the best choices among those alterna-

tire teehniques．The influence of coatings upon the fatigue performance of substrate，however，

should be labeled o．s an important factor at SOl[]e high level applications．The elfeels of both coat—

ings manufactured by ItV()F and Cr electroplating respectively on the fatigue performance of sub—

strate are investigated in l}u5 article．These results show that the fatigue limit strength 8t P j0％

of thermal spray coating is 750 MPa in
comparing with fatigue limit 726 MPa for substrate，and the

fatigue life increase 25％ I 50蹦whcn comparing with fatigue life ol substrate at different stress

levels．The fatigue life iuercases in the stress scope of 750—850 MPa ev∞the areal of thermal spray

coating is subtracted．Cr electroplating coating reduces the fatigue life hy 70％一95％and the fa—

tigue】imit is only 600 MPa．Fracture analysis reveals that the main fracture is initiated at the sub—

surface，which is 0．2 0．5 mm away from substrate stifface．The analysis also observes that the

crack in the Cr electroplating propagates through the interface and finally into the substrate which

hastens the fomlation of crack origin and the extension of crack 1n the substrate，however．the

crack in the thermal spray coating deflects at the interface，spreads along the interface，as a result．

the crack forming in the coatings has no negative influence on the main crack initiator and crack ex—

tension in the substrate．
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1 IntrOductiOn

I，anding gear is easily worn due to its action with ground during janding and takeo“．and traditional

ab ras／ve resistance method is the Cr electroplating technology．Cr is deposited owing to the oriented move—

merit of Cr2 oi to the cathode of D．C．where electrochemical reactions take place．The technology is lea—

tured as simplicity，low COSt，high hardness，good abrasion and corrosion—resistance and is widely applied

in many industries．However，Cr electroplating technique will let off carcinogenic Cr”in its life cycle．

With the improvement of environmental COHSCiOUSHeSS throughout the world，more stringent emission con
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trol of C一+has been promulgated．EPA stipulated that the emission concentration should be within 0．

1mg／m3 in 1995 and recently the concentration limit 0．005 0．0005 mg／m。“1 has been suggested by OS—

HA．The stringent emission control greatly improves the recycle of waste and disposal costs．The final so—

lution to the contamination of Cr”is to find other alternatives to Cr electroplating technique．America and

Canada then establish organizations early or late respectively，these are HCAT and CHAC3、．Both organi—

zations studied the fatigue．abrasion resistance，corrosion-resistance and other mechanical performances of

HVOF sprayed WC／I 7Co coating in comparing with the Cr electroplating coating；the part sprayed with

coating has passed the flight test on the P一3 and F 1 8E／F planes．Thermal spray coatings have been ap—

plied to Boeing 737，757 and 767，and achieved the good results“．

Safety requirement of material should be attached to an importance for the aviation indust ry，and the

tradegies which caused a great number of death have taken place in history”“．Coatings bring the change

of surface of substrate and shoulder the loading，then it is inevitable that the coatings would have influences

on the fatigue of substrate．Presently the studies on the fatigue of sprayed material appear only for a few，

and the results on the influenee of coatings on the substrate varied OF were oppositem sj．These results

bring difficulties for the fatigue life analysis of key parts，and lead to hidden danger to aviation industry．

Fortunately，the fatigue performance of sprayed material is obviously better than Cr electroplating coat

ing[8—1”．The article centers On the effect of thermally sprayed coating on the fatigue of sUbstrate in corn—

parison with the Cr electroplating，and analyzes the fatigue failure mechanism and determines the influence

of coating on the fatigue of substrate．

2 Experimental

2．1 Spray and specimen preparation

300M low alloy steel is commonly employed in landing gear．The material is modified from 4340 steel

by adopting fine heat-treatment technique and 10w temperature tempering at 500K．

The hourglass specimens were machined，and were sprayed via the unique coat HVOF．Coating mate—

rial is WC／17Co manufactured by agglomerated，sintered，and particle size distribution is 5-30 micron．The

machined specimens were degreased with supersonic in ethanol，then grit blasted using Alumina at corn—

pression 0．5 MPa．Finally the treated specimens were prepared for spraying．The thickness of coating is

100 micron．After polishing with diamond abrasive belt to roughness 0．2 micron，the specimens were pres—

ented to experiment the fatigue property．Cr electroplating coating is fabricated from a factory majoring in

producing such a coating，both the thickness of coatings were restricted within 7512m。

2．2 Experiments and Analysis of fatigue

Fatigue method is observed to the norm HB5287—96．The polished specimens were experimented on the

fatigue machine AMSLER 5100．which load at the precision of±2％，at room temperature axially．The

stress ratio R is一1，and loading frequency is 133Hz．The infinite fatigue life is designated to be 107 cycles．

Optical microscopy and scanning electronic microscopy<SEM)were used to analyze the fracture and its

cross-section．

3 ResuIts and djscuss；On

3．1 Influences on fatigue of substrate

Fatigue lives of substrate，Cr electroplating coating and HVOF coating at P=50％，under different

stresses were presented in Table 1，where SUB，EHC and TSC denoted as suhstrate，Cr electroplating and
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thermal spray coating respectively．The table shows that the fatigue life of Cr electroplating coating is evi—

dently lower than the substrate and HVOF coating，and at P一50％the fatigue limit is only 600 MPa by

comparison with 720 MPa and 753．3 MPa for substrate and HVOF coating respectively．

Table I Comparison at different stre$for P=50％

Note：stress level in bracket for EHC

The log-log curves for three conditions material either coated or uncoated are presented in Fig．1．Con—

sidering the effect of coatings，the fatigue limit at P=50％is modified as 717．4 MPa(5％Iotal area)which

is 1％lower than substrate and the 2％load fluctuation．The result shows that HVOF coating has no nega—

tive on the fatigue performance of substrate．However，the influences of both coatings should be obtained

at different stresses，then a equation is introducedi[1“：

S—A×N7” (1)

where S and N，are denoted as fatigue load and fatigue life respectively，and A and m are coefficients

determined by the performance of tested material and testing condition．According to the linear digression

at Success ratio P=50％+A and m can be determined and are listed in Table 2．

Table 2 A andm far different conditions

The equation about decrease of fatigue 1ire at different stress level in comparing with substrate is pres—

ented as following：

。一(1一N。／Nm)X 100=[1一需]×1。。 (2)

where c is denoted as strengthened by coatings，sub as substrate．

The decrease of fatigue life at different stress at P一50％is depicted in Fig．2 correspondingly．The

part under y=0 shows the increase ratio of fatigue life，conversely，the upper part decrease ratio both com7

paring with substrate．Fig．2 shows that the fatigue life of Cr electroplating decreases 70％if the stress lev—

e1 is under 800 MPa，while the value rises to 90％if the stress is over 800 MPa．As a general，the Cr elec—

troplating has seriously negative effect on the fatigue life of substrate．Comparatively，the fatigue life is in—

creased by 25％after HVOF coating，and even the coating area is subtracted，there is 10％increase at the

stress scope 750--850 MPa．As a whole，the coating via HVOF finds no negative effects all the fatigue life

of substrate．
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IogN

Fig．1 Log—log curveN at 50％P for 3 techniques

TSC—thermal spray coatings；SUB--substrate；

EHC—Cr electroplating coatings：TSC“一ther—

mal spray coatings by subtracting 5％arca

S，MPa

Fig．2 Reduction ratio of fatigue life comparing

with substrate at different stress Ievel

TSC—thermal spray coatings；EHC—Cr electro

plating coatings；TSC”一thermal spray coatings

by subtracting 5％area

3．2 Fracture analysis

Typical fractographs presented in Fig．3 for both coated and bare substrate reveal clearly that the main

fracture initiators all lic in substrate which is 0．2 0．5 mm away from the substrate surface．EDS analysis

at substrate and crack initiator explicate that all crack initiators derive from inclusions composed by alumi—

na．silica and calcium oxide in suhstrate．

Fig．3 Fractograph of suhstrate and coated 300M steels

SUB substrate Sr 740 MPa．N=5 99×106；TSC—thermal spray coatings S一760 MPa，N、5 4×

10 6t EHC—Cr electroptating coatings S一620M11a．N一7 25×106

Fig．4 reveals that crack takes place at the interface of thermal spray coating and forms free—standing

coatings from cross section SEM analysis，while the Cr electroplating is well bonded with suhstrate after

fatigue test，In COrflltton，the adhesive strength of Cr eleetroplating coating surpasses 100 MPa and is obvi—

ously greater than the thermal spray coatings．Investigations indicated that the greater adhesive strength

lower the resistance of coatings to the crack propagation through the interface or hasten to form FleW crack

initiators on the surface of substrate．Just as presented in Fig．4，the crack in the thermal spray coating de—

flects at the interface and coalesce main crack at the interface，while the crack formed in the electroplated

coating extends through the interface and leads 10 formation of crack initjator On suhstrate surface．

The cracks in the thermal spray coatings have no negative effects On the formation and propagation of
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main crack in the substrate．Thermal spray technique produces some small damages upon the subsurface，

however，the technique also leads to the compressive residual streRg field due to the impact of high—speed

particles upon the sot／ace of substrate．Both actions upott the珏tigue of suhstrate d[set and we can draw a

conclusion verified by the former fatigue index that thermal spray coating has no negative effects upon the

fatigue life of suhstrate．Inversely，the crack in the Cr electroplating coating hastens the formation of crack

origin and extension of main crack in the substrate，which greatly reduces the fatigue life of substrate．Be—

sides，the tensile residual stress in the electroplated coaling and micro—cracks presented in all enhance the

reduction of fatigue lire of substrate．

Fig．4 SEM Cross section of HVOF and electroplated coating and their local magnified SEMs

4 COnclusiOns

(1)Fatigue teStS for hoth coated and hare subatrate showed that the fatigue Iimit of HVOF coa￡ed

300M steel at P一50％is 750 MPa when cornpa ring with fatigue Jimi c 726 MPa of suhstrate，while the for—

mer fatigue 1ire increase 25％一150％than the 1atter，even the area of COating is considered，there is moder—

ate increase at the stress scope 750 850 MPa．The Cr electroplating coating greatly decreases the fatigue

1ife of substratd by 70％～95％，and the fatigue limit lowers to 600 MPa．

(2)Fractograph and cross section SEM reveal that the main crack origins are all inclusions composed

by Alumina，silica and Caleiun oxide which is 0．2—0，5 n'am away from the substrate surface．

(3)Cracks in Cr electropIating coating propagates through the interface and finally into the substrate

which hasten the formation of crack initiator and the extension of crack，however，the crack in the thermal

spray coaling deflects at the interface，spreads through the interface and finally the crack forming in the

coatings has no negative influence on the main crack initiator and crack propagation in the substrate．
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