- 1 - DESCRI PTI ON GALVAN ZED STEEL SHEET W TH THI N PRI MARY CORRGOSI ON- PROOF
COATI NG LAYER, EXCELLI NG I N SURFACE CON | VITY, AND PROCESS FOR PRODUCI NG
THE SAME 5 TECHNI CAL FI ELD The present invention relates to a zinc-based
surface-treated steel sheet used for PCs., audio, TV, and 10ot her hone

appl iances and copiers, printers, faggjgudgs;tcand other office automation

products which is superior in the conductivity of the steel sheet surface,
whi ch beconesﬁé@§@ﬁ?§hﬁT?%{SﬁéghMﬁﬁéTﬁﬁ%FﬁﬁH 1d&BRAGSLON R0 @AT Femagnet i ¢
shi el di ng perchorarcernef 16tReFAGhestputS IvEYheA® aktemssasmerRbnucoRs tike home
el ectronics or office autonmati on product$meand is al so provided with
corrosion resistance. BACKGROUND ART For a long tine, surface-treated steel
sheet 20conprised of gal vani zed steel sheet treated on ita surface by
chromate has been used in large quantities for industrial products in a
broad range of fields. This gal vanized steel sheet had a high ability to
suppress the formatrtoanotawhrFterbust which occurred when used under 25t he
usual at nospheric fFvironnen% and thther Fag thf features of easily
securing conductivity BetweBh tRECBF&RPr 66 66ard 4nd2feBF S/Enber  and
havi ng superisurfroentabatetlysandlshhekdi ngeperfbar Pasceaudhe,aliivl,i tyyd 0
suppre whi t t high.due to, it was belieyved, the 30high.ability of
passivgﬁion o§tég%hp§%%tgp%? mto p ggegogﬂﬁg%ﬁapéﬁpg rghd%ﬁﬁéq lgf‘?sability
of the film o&ndebtheepaifiof datagesioRuptrhkductshehdohdiet isvipey iwas igood
since the chropteohneatedihgyer was LbLaiangd uni Larm. 80 Laggont act
resistance with the conductive termnals was 3 Kept T ow. I n recent
years, the dehtndsedncracetialsipor seedudnigohel gevvindebieatal aroad
substances a”@lé@%k&ma@n@ticsEH%E%BEE% RRYE GHAWR ol Q¥R 1TREIL S an

i ncreasing novenent toward restricting use of the _hexaval ent chrone used
for chiémate FFPRErsHakROHI eAfcBRLgneli §hg heowiec ed@sdrandesi gentififiia: as
bei ng car ci nogenbgat Regt preti:ens, 5anddi schakge pebvhexavalient s 4. the
process of productjon of surface-treated steel sheet and harmto health
acconpanyi ng €FttF b fhereof at the time of use of the steel sheet are
concerns. Theref oreackbrouruventkors devel oped a treated film 10not using
chromate at all (fpr‘exa | e, . see JP 2 00-_%197 7 A . JP 2000-319787 A

di scl osed the t echhdf ogy 3F9cbaltng S PhRé ST FAcE 'S¢ SR VAN dd steel sheet
wi th azfust prevenisveé cbapbhgahayer. sTeellnpheet theaterr esi drcg esi st ance,
phosphoric aci n.1,nhy. bj i hgr.edi_ent sui_t abl .o Thi
treated steel%gﬂgé%ém% ghgéﬁgé? E%chﬁggéf%%ﬁggéﬁSE%%%bﬁgﬁﬁﬁiiﬁﬁﬁré;r
coated w th abhinsiuraeingreesihs| aper, bbgechadndse afeffdstldsf. B¥iimg inferior
in surface c hyLLy. -dhegse LUSE: Br ti Eﬁnﬁﬁ; JP
2000- 319787 X@%ﬁ%\ﬁ%ﬁ %’b%?%s%ﬁ% gﬁehggiﬁ HLoPf SHANLCP o 3K 8l
characteri stikerratiapppfcubibh roshoidishe QGBHiItEd Wrry s asltgiday on

producgs, and1o¢ hesuLYULPIBBbhELE 8SehRd rahaidndalidd tdarther hd#®lhe
"groundablllggéqneans naklng the potential ofthe surface of the steel sheet

caused by el eGP et ce28hAYes CERTETEd COPEM T iectomet WS dient s or

el ect r omagnetd Ledvesi € 0pbagdf kM eutendachite e edhiti s as; dhe ground
potential. If this royndabil&tg i.s._ insufficient, trouble such as erroneous
Aen ePB e

operation or Preyk bF Y fiB CELOATNE BETEHRRNCoroi e Al ity 4o
300ccgr.I sigﬁ€§$$Omhtt@quggﬂEﬂbsunﬁbﬁ.mﬂmthﬁMejﬁﬁﬁ&ﬁﬁ%é&iﬁﬁéﬁﬁd%ﬁ@iS
groun ilit i Ng. SCr ey to.stee oysi ngs, chasses, etc. In this .
case, the enﬁ“]f%l%e%eb%?lf%eoﬁfgaﬁS%ﬁé‘gt}'o\’i\}erogs&( agtte titsfeh%cir%v?ﬂ%?"‘e% S0
35net al - net alziconduet ¢ ohatoahd beeeasighy abbtiditned ft eger dligdss of @ayr
chromate Iay%&éi{Pyevgrd along m%th hhe in?{easiqgkﬁfs. | 1 er_size 3nd
hi gher perfornahce of - 22B829C%r et BFSAFE e fli et H Heceht"d2a# 2%t he
nunber of compinoatigk yclshapetepartsthas liayeneased, tiire ot ew f &asteness

parts have d ease nd_parts_have_i.ncreasi ngly, been jai ned. by. contact of
steel sheet 2%&??%%g%?g%rr%%ﬁ?i%Fcﬁywégﬁl%?ﬁb‘%hRQQﬁil%éﬁﬁ?ﬁﬁﬁ“%@?t?ﬁ%
case, 3% is ikgortlmt.that the surface of the plated steel sheet be snal

in contact resist e._ln systens coated w.th insulating resin explained
above, the grounda |I$?%e?§e¥% ore %ggaggﬁﬁﬁﬂﬁf?%ﬂ%ﬁﬁ? %é% é#{or art for
i mprovi ng thiredraunoabefi¢yyidfne042718261 Aforinsnaas iariernediat e | ayer
havi ng groundability at the surface of the plating |ayer and further forns
an organic resin layer on the surface thereof and specifies that the
coverage rate of the 15organic resin layer is at |east 80% and for the
surface roughness of the steel sheet, an arithnetic average roughness Ra is
1.0to 2.0 pmand a filtered center |line waviness Wa is not nore than 0.8
pm Further, JP 2005-238535 A discloses the art of 20obtaining a surface
roughness of a sheet 'stock to be plated by defining the surface roughness



Furthernore, JP 2002-363766 A defines the surface roughness of the sheet
stock itself to be plated by the count of peaks and the Ra so as to achieve
bot h corrosion resistance and conductivity. 30However, while ol)

- 2004- 277876 A, JP 2005-238535 A, and JP 2002- 363766 A all denonstrate an
effect of inprovenent of the conductivity, the performance is not stably
expressed and depandiing;ag ot ReRRORUELERR | iR8roCoRUURT i ubiyacangol be
secured. EEveIo ment” of techriol’ogy 35stabl'y securlng conductivity has been
desi r ed. mOV@a\Ie\EflénltzD@drﬁt EelstEREBE nEoaEEdON tRCaDBRPERRESLS FEEOIFI m i s

produced by subj€¢tjNgra fRick- $haped skeekasheet chrofie- i60RtiBYGESlY to a
plating treatnent and chromate-free treatnent. The pl ati ngémet hod i ncl udes

el ectropl at i mgbahansst idieptaitaertngs *Pﬁé“ﬂof:ﬁ'él:lpgg?ﬂécarp frictions
el ectroghem cal lgy scaUsiRY otfh%e&lé%llléhttatch@@m@f izl pael pr@ﬁeé&quﬁous sol uti on
containing Zn ions, while the latter is the arﬁL L a{gg (sgteel sheet
in a nolten $FRCECHCA ofi FUTEACK €6 eREEH &Pt ‘?ﬁ@ gft &é"cofi gurati on
of the platingaish iaeddipaeasacok letectr eplatioigathicgk ithmenioffonmiet y fof
formati on of the Iatl n so the surface 1l0configuration of the sheet stock
i s maintai ned] eblﬁ‘tte\ﬁ t FRGE @55 FPREERES the |eveling property is high and
configuration is g&@efe&lolne | par tied ey otsansiverl opkdt e teeaftiegurfdtlimon of the
tenper. rolling roll. aft t|n. t I et ted with a
resi n-based 3P T15AEEy 5 reoré?‘ate gr s |I%%ao&ﬁgﬁr§%§t éjp:‘ fszlo(r?]%abaked and
dried by a | &tlér8post)- trJéatZ@é)r@t—Bﬁ@dtBl?om\ dafstcdrosteldi $hei teichnedideed afo obt ai n
the final proguct, I%%L%x F FE IAVENTLON A2k QheltnGysald @y pl at ed
steel sheet pro et tb such a production process contacts a | arge nunber
of metal rol lmisitn grmq@rtoc@ssm@ftlmgod@dﬁron ToDdperdivitg THF e GRUE, t he
steel sheet suyfiage s Ok ubieoted 4 0.2 Jieliahiivale iighysalildmg force.
S

If the plate urface i's‘rolled b rretal rolls after galvanization and

bef or el 25coatiarg siud tadas eddesht s GG SREle SESE O TG of t he
confi gurati on of. 4:he HlAL ed SWiate chandidde ithe @altanivati em netal has a

m crovi cker's hardness of about 50 or so, a S .sof so the
proj ecting poMSBRticY ti5s 1) éﬁyr?df'arbéltof}}a@E t&}eué*'rgc?%tl zﬁft 356y’ he net al
rolI's. Such deffer-mRid ah QEd rtdrf&ﬁldﬁl@flﬁﬁ_,ﬁoﬂ]meﬂ@@lm te itudts often
not possible to suff|C|entI cogni z ration by
measur ement BF S it et%lpesef‘s?tﬁ é’c}[e fp?gﬂ)ﬁjzsjsﬁ #e e f}lned ih J1s B
0651. Furt herpredddt mmmwmmaﬁgmﬂﬁmmnmmanmﬂmmsfqﬁ t he

sheet stock or the ro hne arte t he sheet

stock after PPRIYGS r£L? ccﬁ%mgl ngdcaér%ut%e' state ofaqwdng%loinurface

cover age of @ﬁd@im:—tfs I rarmlqnshre}n: reusllpprlremmmuwm ipurarl bl o changes

so sufficient con Vid T h ssue
fitéﬁrté o% ﬁﬁ{%& Ml EXPNESSEdnd Q%tér&lgl &

has been to avoid dr |V|ty due to crushing of

proj ecting parites sofr faqs atfed:ksﬂjrﬁim:%l chesdd G g9fe @Urﬁjé?ﬁtlﬁ?%@%tld?
producison UgiNg. A GENtdHaus,plafd g dacd | ddipd:n@al sani zati on and post

treatnment. The inventors engaged I n in-depth studies to achieve 10both
conduct i vi t y e toomassial ¢ 651 S @ Big of B9 WS HHc g | S5V bt st eel

sheet treat ed i haute chromatiey fscénd gsul tis theys discaveset thatid t
becomes possible to achi eve both conductivity and corr05|on resi stance not

by managi ng tieydlighifess &I%QQ%CSWhﬁ%Ce%WW‘b? ARY A5 WY T sur face by
measuring the, yOUHMEs S, pParadTel i cdedi nededm ghén B, 0601saisi @get heievi ce
defined in JIS B 0651, but by defining the m croscopic region roughness of
pl ati ng® proj &3X5Hyg parts. Further, they discovered that the ratio of

portions with a rqnggmm é}f{@@@émmg;@&p@rm@we}qamdz generahligher than a
certain val ue being, at | east a aj%bf/ljen value is also i Jégagl]gé The present
a

i nventi on wasSSfatebhaded dhr P LYiR¥o Bryd Serev he gist of
the present imuientrigd, ichassdo lons: RO(AY)iA zase, othei acdafhoys pbat ed
steel sheet s erlor n surface conductiyit e i.n en thin-film
primary rust es%%%?ﬂﬁ%ref ayer© %(::{/I n% %éa%cl;fﬁéq ??f:g'é%ll(/ergge
roughngss Rarﬁft@l—zmén:a:pl@cbmdﬂay@m soufdcee dedshed bytdise® 0601, obtained
by a stylus-type 30surface roughnes t fi Jl o 3 pm
to 2.0 pm andy"gg% eﬁ?ﬁn% a‘_f'gl%e(?hg)ﬁ?rﬁﬁ%ngogﬁgg' p%&?%p%&o%)ﬁqngvﬁg%l %h(tghe
arithmetic averagessoughynessa Reef peakd abt ahhedebypraeisuiniprhgeacfange of
eval uation |l ength of 20 Rm of peak parts of 80% or nore of the Rp by an
el ectron 35beam 3D roughness anal yzer is 70% or nore of the arithnetic

aver age roughness Ra (average) obtained by - 6 - neasuring a range of

eval uation length of 20 gmof parts of a height of 20% about an average
line, obtained by a stylus-type surface roughness neter, by an el ectron
beam 3D roughness anal yzer. 5(2) A zinc or zinc alloy plated steel sheet



of the Rp defined by JIS B 0601, obtained by a stylus-type surface
roughness neter, by an el ectron beam 3D roughness analyzer is 0.03 Rmto
1.0 Rm (4) A zinc or zinc alloy plated stgel sheet 30superior in surface
conductivity after being given a thin-filmprimry rust preventive coating
| ayer as set forth in any one of (1) to (3), wherein an average thickness
of the thin-fithepEioRry eusippeelem i covatyanyd.aydre inguher Rffto 5.0 Rm
35(5) A met hode g, progueh prisiolp @y 2410 O 2 NG Aldkecp! Al Siagl. sheet
superior in surface conductivity after - 7 - being given a thin-film
primary rust pfevednederedatiy e Hrrreamd Antk irtA d@va | oy pl ated steel

sheet produced; by, Pl aih by a8d:8e o Sheelh WddhtEH e & A &NGaldoy, and then
form ng g thin-filmprimary rust” 5preveritive coating |ayer, said zinc or
y

zinc alldy platetrated! ShedNRRh My & Eriismets d edfersdyd NSughiied iRa of

a surface of aczi&ic-pl atedidhmyeradefinad dhe HSB Q60 okt gnad by a
styl us-type surfacea?%?eli%thhg?ss neter, defined by JIS B 0651, of 0.3 gmto 2.0

km and a maxi ntirfi pe YHMGRpL of? £V G &S50 T AR -ant TarS S o

aver age roughnesstdday)ifipeakiuiabiaiget: iy reasiyimng abarge tofe an

eval uation | ength of .20 km of pe arts wth 80%aor .nore of the Rp by an
el ectron beam L%{f’gq’fgjejs a%%ﬁ%orlpaoéﬁei@%%n&u%rcele&t ‘an arithmetic

aver agelPoughness R Ibfiaveraage)f cobtiaipredribyy nedsurgmgralacange vgf Jp

eval uat i on T engidy of, 20, ki of par ts, of, & hel ght. of,_20% ghout, pn average

| i ne, obtaine y a stylus-type surface roughness mé/ter, aby &h el ectron
beam 3D r oughrisgs rakat yizery  atsdife rettfedec dr ddteerrilzed gy legntr @lrd ng a
ro1ling force a0 dfhate A elald, 0 mlands ghelgad 1ol 1 harce s (IV )
per mmroll length applied to a plating surfac eby pi nch roll's contacting a
conveyed st eeltisH@al @l £ndcriovciérts thar divewsads wasfe (e thlsat i ng | ayer
measur egds by I3 A244-5atd sfaydihe f old awng relsation b Hom 25uhen the
steel sheet is provided with the zinc-plated layer to the formation of the
thin-film pri mEUPHNEES Slevdit isfedodtiand | @yerlt tdymeddes Myprage .
X(R2- (R-hx10- )R)kmfel)s ra is 1 e, [ roll #.adi h is a
val ue of Rp of 30t he pSI ataedlsste'\g]Etsoheze'!tB (*ﬁnrr)%.ndoa frléA%ceor mrggg]ftoe%?ﬁéﬁgr esent
i nvention, evemvihesekivg tise richi cloressheihn tthe tiri.n-fil m primary rust
prevention coating r_.thi o] tivity is expressed, .so this is
achi eved along wt #u%gtr%rec%i 3?%@&%?%%%&5 éurd%/ Secr%‘,osl % G5 ﬁétssi ble to
make t &0 | ayerchthileken, ansurdirlop trivegborsesicdn a ediesttaneeckbuto &eso t he
press wor kabi |jty. 4 = @it i I r esi t

abl ation resi t?r?gg, rﬂ).n eggﬁérn%?écgteu%gg%éarégg{osgfrﬁr%\grso%d.sd u%t%ﬁ[erot}ei f
control Iing ped@ettioon sedienget e epltad dgnreugirdss rof 1cid spreesient i nventi on
as an indi cat Qcurli nePRCORRS: tRSSHOlG 19, PrRANGEE ZiNCHRN; i2lRC al | oy plated
steel sheet stably bal anced in conductivity and corrosion resistance even

i n producti on 964 VRaLIZ6Gs SFIEA 15§ SISt @'t BRITER MPRSCRINPTIEON OPTFI9E iDRAW NGS
FIG 133 a sgarnish@nelectron m crograph of the 10surface of an

el ectrogal vani zed steel sheet. FIG_ 2A is a cgnposite inage of

combi ned signal s of “FrERIAREEs HY #7088 SP PedR 3D S 0ddnsss assl yzer .
FIG 2B is a Zbughakyzedri mage sdkctthe tpand ithe1af dd Ge 2AatEFG A6 is a

3D anal yzed i mage. of .the rroundin of the part (1) of FIG 2A ,
FI G 3Ayizs aI §8§Hﬁi Rg &F8 ur Sﬁlém%éreg%\aaﬁﬁ G EEOC 2eé’@ct}:io&l? GPrgRsion

el ectrogal vanirzedssteek sheetceaveradiwit.h a thin-filmprimary

rust-prgventive |ayer wthout .20plati m.cracryst al f th t stock
pr 0j ect3:%)ng parts berng crash &.%EFFJ 2@%% éc’i%géa% r‘% %Ioé]ct’t %&%gﬁscﬁogr aph
of a cross-seehidodPof088-8lk8GkogakvanidzednsttealteSheete fdevered With a

thin-filmprie - preventive | r..w.th 25plating mcrocrystals of the
Sheet stock praPbeVERg Bapts eruoREat aest MR R CARRIFIACO T

| NVENTI ON staBélowgpdetakrs aofl theeprésenton mrenthroniwitlilonbé iexpl ai ned.
30The i nvento I i il t fig i f plated,surfaces of
Jimc or 21 nc ST auCbratsd SPALP tsRSef Contotabs By IR asus SO AEAGY
facilitites. Adtekampbecofiagscandiungiglisot hes meerogeapireof. t he surface of
an el ect rogal vani zgd, stack Sheekopr afueed on.an gaekect rogalyani zation i ne
is shown in FIG 1. The inventors discovered that a plating layer S f or med
al ong the rel féimconf Pgadarednbyf suhdeshaay st ook limpaneed shgel- sBeett enper
rolling and that the plating |ayer surface has mcro configuration caused
by the mcrocrystal forns of the el ectrogal vani zation |ayer itself.

However, they discovered that the configuration caused by the



5mcrocrystal fornms on the surface of the plating |ayer fornmed on sheet
stock projecting parts includes flattened portions due to crushing. The
portion is shown by the dark contrast indigated by the arrowin the figure.
The roughness of this crushed portion cannot be neasured by a 10styl us-type
surface roughness neter defined by JIS B 0651. That is, a stylus-type
surface roughn€sstiptersiseko aa nptal sy yiwss Erera: meab uremerteriobes and t he
radi us of curv f t ' : 0,it
o not possi bl o o Hor et fhe ey tryRtar ro e s R g
crystal s of Flptidighetetore, The fomesrt oks Bradidd dftensively the

techni que for SPASHEbEGeRUSH 1Y CEOES Yo alnd Q5B AN ASi & S UW ind egf ngd
that it is sufficient to use a scannjng el ectron m croscope type 3D

roughness anal §81&4y st et borI NN R 17 D sholithfe esdlalser is
measur ement usting ar-tief digidssinn £l feddonheam 3D 4 euahnasssanal yzer
( ERA- 8900FE) nmde f)f/ Eli gjg%éb Thr?j; anal yzer is eqlui pped with a 4-channel
secondary el ectToh bt tid %Hﬂ“(,aanfjdd‘é'ntmfey _ s Croé}"'-;ljé}‘%?aﬂ%l%
(21 nin (n the. hes OhE. 1 eotion AT 2 rn L he Bl and drect) on Tt Te
is nmin the he . direction and 1. min .the plane direction. is
possible to su‘frfjr%?%%ﬁ)f/ ?ﬁi U 'Oé}ooﬁm%pc}faq‘tﬂﬁg'plsé:t% FYstHS of
FIG 1.1The photrograpretoforFldd @2 isheetconposd ties irmmige: 20fned0t hercanhimed
signals of the, 4- c&e}pr@lhastinThe dar kg g,ro]eqltirn t Ipabretrti n.t h%ifi}ﬁur e, (area of
(1) in the figure) s ‘the re(_ggi on of the pr jpeccilonyof % he Shedt st ock. The
p:c aE |hng | ayer @Cslﬁzlrmsﬁfe@cand:ff | trteerreld. o e rt@d tthe toia![’resrfdraruf, ubhzet area
0 e surrou : : I, ar hee
T, AR S SCRILS § dise 39 pqalt%fqigdiﬁ dedlc RSy

stock, where the mTtTrocryst fornms o _ ayer are nal % ned.
The micro confifuridhdtons dfeahesead das crat akspdat ivelgpighdwsdch o 10 -

FIG 28;and F'i@or@%nic chrJaHNer Y 61 10 Quanfidsde W f 368 .q, & q,
configuration at the |local regions based on this digital 1nage data, The

val ue of Ra i MGHRE Magidonadtet e Sval LeRtae e it 1200 SR ks Fdund. 1tThe Ra
of the crushed sar®ea 1efd () dptfGtA Mas 10 2 RMe While the Ra of the
other parts was 0.06 pm_That is, b%/ nmeasuring the roughness in the
extrenely narrow r TGS U &Fal i TO1Y 5heh of 20 pm the projecting
crushed parts and theigicherr pdrics aene giha edlGupleat istgdd gheaystals,
remain differ in.Ra by close to 3- to-1 ratio, whereby it S possible to
cl earl yg? ndi c&tEt e Féciotdlfugr%éﬁ@e Bhe G5ifghifddacts a lar%%& ,n"}f'ﬂﬁ’éa]ﬁpﬁ’\fent ors
studi ed i n detwitlalt heoldfsf ect S hef psuckesd erfo prenrfucgurat i aepeindihe sheet
stock projecti rts t tate of caoverage of the surf.ace of .a thin-
L m prt nry FO% o aventon oSt Rha LTS VoD cO et £ itk ed
steel sheet weét rsd@ttive iy atiiohg neildricer yistrales dif tthe gHedtedstsonk sprojiect i ng
parts being ciushed andsa.sheel, seel: Wty hihem.olushed Md hagter- 20based
pol yolefin resin coatiings to 1.2 pmand exam n'edwL tahel r cross-sectional
struct s by cRas¢aANILAG dePOGHLIGi¥ efitmedsceiset iTive rtdmule sl sarde asieoan in FI G
3A and FIG 38pafhe besikn=Ceahed J.a%elof JdiheHwot cushed, plated steel
sheet of FIG 3A beconmes thin _at "the projecting parts of 25the sheet stock.
Further, at tRB3pA&PEct ThG Parliandfatiermingtedr ystsalds mHC idve qeat'isng | ayer
surface of thasedpakksoraapbaie sehere dhe thesi n-Coatd nghdayel, dixd not

conpl etely cover the surface was observed. On the other hand, the inventors

| earned that BECERELEPAsREFLPPAS /¢ 366 PR iKWt Sstddepriuedschd Lpar t s

of FlG3038, the resi Re€eat irdd1layehdpecar® it obWecanplief élh: covered the
surface. That i,szr if there are mcrocrystal forns of the plating | ayer
surface of shB&FTEEGERpr 6f8dPPng SParts 15t RédEradel &Qﬁ&&chﬁ@ cover age of
the resin | ayenf3dandnpakt rakbynexpeoséahie spliat idagh iayefat it $s exposed
parts beconme conduction pgi n%g s% éhe inventors learned. that conductivity
was secured bYSESAESEE 6F P¥t SBF SHEStS YRR SATH GthdP ot A6ESHi th a
conductive tedathakd On the st bhéblhamdrthlke ,i nvent ensH earye@dd hat parts

wher e e mcro configuration _of the platin er at sheet bHstock

pr 0j ec??ng pa{r:?lsl%%l%rggﬁgﬂsd 5?‘8 58\V§E’Q§Sﬁy%t€h§ ens‘%eaet' I Orcz(sioﬁt ffm so
no conducti vi tyughseexpirpsededThat the, teEhmamvernitlanrs; difscoversegetthat to

i nprove the c tLyi Lectr | vani zed steel s t, Just cantrolling
the relief co%??ggrgaﬁc%% gﬁagﬁggsﬁggt% élpogﬁlaf@ilsngnoatnd;ﬁcglue’gﬁltg%& toﬁat

| eaving a mcrocrystalline structure at the plating | ayer surface of the
projecting parts is inportant. The present invention was made based
on these technical discoveries. The inventors used as an indicator
15defining the residual degree of mcro configuration at the plating |ayer
surface of sheet stock projecting parts the value of Ra of an eval uation



.- 12 - extrenely poor, and the conductivity beconmes extrenely good, but the
corrosion resistance deteriorates. Thus, it no | onger becones possible to
set a range of filmthickness where both_are_achi eved. Therefore, Ra was
5determined to be 0.3 pmto 2.0 Rm Preferably, Rais 0.6 to 1.5 Rm nore
preferably 0.6 to 1.1 pm nost preferably about 0.9 Rm The nmaxi num peak
hei ght Rp, forsprehsenscevaidae ©H Rathivst alsdistary net trordoeerd Ovepm t o
20.0 Rm Prefe IS 1 e f Y, 1017 . p nost
preferably abogtég{"i%m%?ayér 21%(? %}ﬁ%ﬁ |%2§%rsﬁﬁc§% oyc%ﬁjal%ée)cdl]\%tlgélé%heet
has a plating BepbsngebnPsnekbeessd@dn 5 g/ n2, the sacrificial corrosion
resistance action whikr respegic tosifie iptealeshont besorand nauidigient and
pre

red rust _ends up occurring 15in a short tine, so this is not ferable. At
300 g/ m2%or nofediEel BttRciuRdfte @?Wto%ftﬁ%é)wqcﬁsﬁ% rasistaEhce

ends up becon pbasad Us @t £ike tden Pbati N0 1OStud NG €3SasHe AN powder i ng- | i ke
curs, so this is not preferable. 20To define the forns of

pl ati ng peeli n}g o(g 1
the plating miXroerystat iR e Shrelet e @bt It ot tiatyt pdt 0% he
i nvent ors t ookgaDi£n Diat en peaksoedt 80%omemr e of the Pp and defined the
Ra in the range of 20 pmof the eval uation I.eng}h cp;] tﬂ}gﬂfﬁ)arts. At parts
of less than 80% of* tThe RE " HY o HAC 250t cur S&th d1° rgiiEeve
Furt her 10i f snebtlercddrhnctt el ey ad rubitd e d eingt hreafi 20:rprg  dthes nEiasurenent
error no | ongeyr. i r.ed ile if_ larger_ than.. the eval uation
l.ength can go lergcgn%dp‘f ount ar%,/@eoe?leﬁwheeesthe%ea}st‘ieoagk‘”%%ocfue@cﬁhr{&%tﬁ' and
end up i ncl udifgy ajelpﬁsaslst_e,d Bopardissceetdd sthist not prafers gihssible thor the
parts ot het thath 1e BOIeGL L AAN S Lt RaLLs, 208 ahoue and. belgw he
vicinity of the average I'ine were used for representative val ues. Xal ue
of the Ra (avetapydinf tloswymrmes west madelthestzndarad 135y alleg.edThe
nventors | earnagdy hatrddcd hey Brdagaldy afd hoshissls stockpralecting parts
- 0

(peak parts) is a value of - 70%or nore that value, there is

ei ther no crusiind'asy tthe/ ettl0edl 1 g ity dgvigit dafudifichgrantd S Here i s
no effect on tdesICoNEHUCtH Y ides 131h £ HHOSLU J RV SlANGg; 1 I Agpider and,
the inventors |learned that if the value 50f Ra of those parts ‘becones |ess
than 70% the P&ﬁ%mqmdjw%%%mrw | E i edime £ o ietn Ve L eth & hagper
limt of the ratd caofi Rai peal)idis (Evel ageoudhrielLrdl natt-1416,g1 10% si nce
the larger the trtansfer of_rou thne s of ,the rolls, the greater, the drop in
the contl nuouddper &g 16aT ity fife TR gFitid it ‘A dthe rolls
etc. Preferabllgasthe ratrntaiof VR ygpdak)d1Re (iaperagealt i Shed greski% nore
preferably 95, % st _preferably abaout 100% 1f. the peak parts becone
too small in tﬂq’(%%gkc%n, %t ﬁ%f%eﬁocfsue@t? I (r)ltglecoa 516t € lysccoc}rvegrryéd by the
thin-filmprinmry Mistt greeverits e sdoatfi rignd ayerseantd inoresurifeace. scaxduct i vity
is expressed, 8qthg.lower limt of Ra (peak) was determ ned to be 0.03
vm On the other hand, if Ra (peak) becomes too |arge, the coverage rate of
the 20coating fil mfal | & zdm¢ tdve zad &dd cvordidtad/igtedls shamtoved wher eas
t he corrosiongiesi LeliQr ates, he, upper, hidd . t of. was
determned to bg’%f%tgngﬁﬁ %%rrg;dec%;bl Y, uR%q(‘%gg/k) I'S rO_.HOé??r%go g;ﬁr(?%p.am nor e
preferably 0. 6351318 primahys - usite aeatsing iaso o ad in @ SRMEh éa v itnlge an
inventors | eanrad nidat cewer dalgd henRrafea Lushed parits--af e shegt, stock
projecting parts (Ra | ess than 7%% if the area ratio of those parts is

not nore thanS5%t6Ce HE 256 piva fuledde SRER LD [hdl &t tlvs ratrer i al
of the esent,,,l ti i-eVvi tind t @d‘ﬂcr i-on
resi stajg{:e i stsgg?\éi%%eorlg%lg?ﬁt@ﬁg g{rtl’ggq(r)tad{éifg Cegj;% jll\gr gEyer t a{n%gg@%s'ﬁhétm
characteristi ¢ts @f 0t pn endshedapanus peckmcdeomitnant ahd .themdrep 2ion 0

conductivity becang a val ue which cannot be ignored. The area ratio is nore
preferably 3%®Br gg§§?lﬁn§flepra§fl§|h§‘ﬁltylc3§f%r@rgq IR e dife (BiFe k)
mcrocrystal tarasneti bRemshealr iSlOeK rangtd of RAQIEHH N PAHGEh of 20
optim zation of various operating conditions is required, but the nost

i nportant thi B P§ Peapr eeshe sifr 6AG o8l Moxg Iy tthe Mt &ly ol led eaftren t he

platingsuntil,thg BOr MRLLARL talf‘x_%ly!}'e'}' fild MgRr iJYR, fsis apfeventive
coating layer. If the rolls are wnding rolls, the rolling Torce is snmall
and no crushi A§LEBBEESC BUErRASt KOVTASESS R NV ardids WHarad nelse byt ee

sheet is contacted therewith by |ine contact, the upper Iimt of the
rolling force nust be controlled. At this tine, the 10upper limt where the
Vi cker's hardness of the plating |layer prevents crushing from occurring
differs, but the hardness of a plating |ayer easily changes according to
the electrolysis conditions or concentration of inmpurities in the bath, so
it is not effective to define 15the rolling force of netal rolls across the
board. The inventors studied in detail the upper limt allowable val ue of



- 15 - ends up becom ng a value larger than the right side and crushing
ends up occurring. Therefore, it beconmes necessary to control the rolling
force so as to satisfy fornula (1) discoveged by the present invention. 5It
is inmportant that the thin-filmprimary rust preventive filmbe set to a

t hi ckness achi eving both conductivity and corrosion resistance. The small er
the Ra of JIS Be0651i0f 4 hearsdreadf sdwocluatie smalder dthe opid mmdd 4

t hi ckness. This_val ue cannot be specified, but when 10Ra is 0.3 gm at the
mi ni mum 0. 2 gn?¥ s@ neREdRiargt %3P % Mot Héy avardoawidmnera obdadredymy at t he
maxi mum 5. 0 gnyi$1Rerigid edir fEher ef idhinddie raawar Igymat, and uprey ﬂéaﬁat
filmthicknesses were determned to be 0.2 gn1and 570 gm However, there
are various cmébrﬁﬁﬁ%&ﬂ?ﬁﬁ;%ﬂﬁ;x%?ﬁhe 15effects of a nunmber of factors such

as the sbaple offthﬁ(x)heet strackor thend @u%m]e@i%%ef%as&%lmh@ett he ]

m crocrystals of the projecti arts, the type of coating, etc. The

Chi n-fi1m pri nafRETURE Bt R GOLFSE G e 205F 2% ¥y 56 SHE R as

wat er - based r esiits-Siloh @sinacry I hes, pdeafdms,veureihames 1 aStewr eresetphenol s,
pol yesters, etgc. .gqr sol vent-hased epoxies etc.. Alternatively, it may be
based on i nor g]l‘gtonlftg1 si i@g,’ \A“g}eerrmgr\gc € AMEFalP s PAZS "RETCEN WD, or Mh
oxi de). Furtherpitiltmateyc Berdased mngmeaSorganiceakiongariicecbmgosi t e sil ane
coupling.agent. The filmnmay have added tq it phosphoric¢ acid, an inhibitor
ngredi oAt oPlSEEUINTS Gt T eI ST P Ra iy Ah e e B 66 diva k

resi stance ancd gy @f )4 he Macked ngd ep skedneed 3QSMG & lozyar,
treatnment of only .the thin-fil rimary ru prevention filmgives

suf fi ci ent pefﬁ%% Tk Pt S fFﬁ%Fyéﬁﬁﬁ%Fﬁgf&wgﬁﬁﬁéﬁcaﬁﬁ r e et
conpri sed of clraartatcer flireeen WMd ercerdinatsreatrpentzert e cemscsosiham rresi strance,
coati ng adhesi r t f t film perfaormance, are inproved
much nore so ttﬁll%s alq:rsl%&?%efqgrcr g%%q:%sgset %é)u %‘r%g%%t g_af r@grelfné’geﬁcg T3PS Mt -
16 - ageht, Zmemdudenglia oxinde, o3 coxildetiCe Q¢indenh afphosphabe, parsgisl ane
coupling agent, etc. may be selected. If the amount deposited is 0.001 g/n?
or |less, suffiodi ént'SFéiforfarcd careot B8 SBE&PHEd . 1Wki| ePtRisesr be. B g/ n2,

Sthe effect beeqTes 334 atedard Ahghadhesinee o3t r 8Rgth carversal Yebal |'s
and ot her prohl ens s%{ ace. Eganples . Next, the present invention wll
be expl ai ned i’ dEFENT U5 830K 2EXanpl e8. CTOEFECSt Pdgainfarkii?&dPdréer sheet
was prepared ghnaegaceharkal kewiangheardi tions. For the sheet stock, cold
rolled teel sheet, of t hi ckness ,of 0.8 nm sed. " The surface
roughné%i of this éﬁgetisf&gf W&sz&&FugéggybyggﬁgﬁgPgﬁelhéhﬁﬁﬁl roughness
of the rollingupelklisrudedsurfibehecskivatpads ymalflceaf bern ngortiveuwous
anneal i ng. The,rol l..roughn iven di schar.ge dul | i ng process.
Thi s sheet stgg%%wgéle ggﬁﬁ%g&%@%ﬁgzg%eggﬁﬁgvgnCg 3& 9033W§§n%faﬁﬁgn
facility. Thefek&bt iogdlvanriczdfioenwhasepar :bemed iithmen iaciadiecagienc sul f at e
bath at a current2Qdensity..af 50 Lin f. 50 to 120
mmn. Hot dip gngan?zeg !Peel§sﬁggﬁl%%gA%gggggéa%&hge% ?%gggogFomﬁng
condi tizdns. Feraflhetsheetlestiobk pfca@lodumoblfegeskeekrsheet: 6f%aot-hinekness of

0.8 mMm was used. Thi.s ,sheet .stoc di al.vani zed _usi ng a hot dip
galvanizationggagﬁgiF&.d?ﬁ n?ﬁn%ybggﬁa%ag%g1an8%?l®FaAﬁyb§tﬁt8 Ha-
t enper at ure oftyp60€urTheesheeghstesckmeeducetyi Anacipditagenbeiatr Ggen

reduci ng at nosphere down to 800C,wa %oled to.a_sheet tenperature of 480C,
and was t hen §889 Bgasiﬁnﬁﬁgzﬁétﬁ§ $m§ sHBohds laPt 8- di pping, it was taken
OEt ?nd Wi peddby ni(ugggﬁinzgas bﬁ @@ﬂt:][ ah 1the paamuat s@%egL@hb@gbdeposi tefl-
The 1i speed was.100.m m n.. The surface was gi.yen rouyghness by an in-line
tenperggolIinauﬁ$FF05f%BrSBFE?Fﬁg90§§?ﬁglﬁﬁgﬁegfgﬁFfé@é%QOHFWSBrétion was
measured in atboondante wrihadlySrBs@6pbteviheiappavatusguiegewassaset 17 -
Surfcom 1400A;stylus-type surface ughn meter _nade by Tokyo Seim tsu.
Further, the %?Egésigpggyrgﬁﬁoﬁ%ré%ghggs§§;aswh%ﬁ?ﬁpeﬁnuéWﬁﬁa “fiel d

em ssi on el ecthbonkbeam 8D tbaghhéssifahal pzenafFRAUSA0QEENcnadecby El i oni X.
5The rolling force of the netal 50||S to.the coating section after plating
was changed fronTopentAGSF o> 50802NMInFPo cHalle the crushed state of the
sheet stock projecibng pamnkshodheft pirddlickAbAr bARY zE WSt cpr event k¥e,goating
was coated by g {oll goa%erhto a filmthickness 10of 0.1 to 6 pm and baked
in a drying ovent9 AtSRbef FRIpEIREAFBYof 1158EL2EEr COREUCEIVA TY0RELRY, a
polyolefin resin ("Hitec 5-7024" made by Toho Chem cal) was added to pure
water to give a resin solid concentration of 20 wt% ammoni um phosphate was
di ssolved to give a concentration 150f phosphoric acid ions of 1 g/L, then
wat er - based silica ("Snowtex N' made by N ssan Chem cal) was added in an
amount of 25 g/L to obtain a primary rust preventive coating agent. On the
ot her hand, for the inorganic resin-based coating, "CT-E300N' nade by N hon



- 35mm and a distance between termnals of 5 nm The nunber of tines of
conduction at a surface resistance of 1 nC2 or - 18 - less by a contacter
|l oad of 1.5 N contacter and a test current 7of_ 100 mA anong 20 tinmes at
different positions was judged. Conduction 20 tinmes was evaluated as "A",
conduction 10 tinmes to 19 tines as "B", and nine tinmes or 5less as "C'. "A"
and "B" were desigpatéedeasa” passt hgim gndifaQ'y asaf@ipiegpntive cdatbley 1
shows the surf ro i f : i I e f.ace
properties of ?ﬁgefﬁ c?%is&co%?%gr%%r%nr%laéajt% Eﬁ\]yaa%%(?%%%le S?Dalég‘?te 2 shows the
data of the 1lOprediegd|ayearlanthg e stdal féhantprd ndr yzinystopraeventd ve
coating | ayer. ﬁ@gpl . es of : i.nventi on.

Tabl e 3 summari zes th??éts%ﬁ ?%ﬁ%v%ﬁ%%ﬁ %TME e lg[(gr oguoénﬂqresi stance
after 72°hour sPHRVETTL e dCedHel IBrexifts Bildvalfatdoregic el murd aceed

conducti vity. £Exadplefeds LiaBh@rs excall@iti d Rty CUdRA AL J 8] sjance
and conductivity and achi eve both performances at_all levels, while

Conpar ati ve Exanpiies?ac tof 1 2 positath teaterdadomastitvh Tesiktaitle or
conductivity asnst 206 e achi emes-bofde pardrdmnNe8iyhnes sl et chabd&r i1 Np.

Surface configuration of plating | ayer Surface properties of mcroscopic

region platingy alt B 1% gm*p,0 Amima(fredo)d Ry (@rragéyimePamalpart Ra,
05 4 1B70. 2 B S PR A W %, e e G B R 1 o
0.2 0 Ex.5 2 200udBess (Ra) (peak) obtained by measuring a range of an
evaluation length of 20 um of peak parts with 80% or more
of the Rp by an electron beam 3D roughness analyzer being
70% or more of an arithmetic average roughness Ra
15 {average) obtained by measuring'a range of evaluation
length of 20 pum of parts of a height of #20% about an
average line, obtained by a stylus-type surface roughness
meter, by an electron beam 3D roughness analyzer, said
method characterized by controlling a rolling force so
20 that a relation stands where a rolling force F (N/mm?) per
mm roll length applied to a plating surface by pinch
rolls contacting a conveyed steel sheet and a
microvicker's hardness MHv of the plating layer measured
by JIS Z 2244 satisfy the folliowing relation (1} from
25 when the steel sheet is provided with the zinc-plated
layer to the formation of the thin-film primary rust
preventive ccating layer:
F<9.8065MHv x (R°- (R-hx107°)%)%* (1)
where, R is a roll radius (mm), and h is é value of Rp of

30 the plated steel sheet {(pm).

According to the present invention, even if making
the thickness of the thin-film brimary rust prevention
coating layer thicker, conductivity is expressed, sc this
is achleved along with corrosion resistance. Further, if

35 it is possible to make the layer thicker, not only the

corrosion resistance, but also the press workability, the
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ability to impart flaw resistance, the ablation
resistance, and other features are also improved.

Further, if controlling production using the plating
roughness of the present invention as an indicator, it
becomes possible to produce zinc or zinc alloy plated
steel sheet stably balanced in conductivity and corrosion
resistance even in production on various plating lines.

BRIEEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a scanning electron micrograph of the
surface of an electrogalvanized steel sheet.

FIG. 2A is a composite image of combined signals of
4-channels by an electron beam 3D roughness analyzer.

FIG. 2B 1s a 3D analyzed image of the part (1) of
FIG. ZA.

FIG. ZC is a 3D analyzed image of the surroundings
of the part (1) of FIG. 2A. .

FIG. 3A is a scanning electron micrograph of a
cross—section of an electrogalvanized steel sheet covered
with a thin-film primary rust-preventive layer without
plating microcrystals of the sheet stock projecting parts
being crushed.

FIG. 3B is a scanning electron micrograph of a
cross—section of an electrogalvanized steel sheet covered
with a thin-film primary rust-preventive layer with
plating microcrystals of the sheet stock projecting parts
crushed.

BEST MODE FOR CARRYING OUT THE INVENTION

Below, details of the present invention will be
explained.

The inventors examined in detail the configurations
of piated surfaces of zinc or zinc alloy plated steel
sheets produced by continuous plating facilities. An
example of a scanning electron micrograph of the surface
ct an electrogalvanized steel sheet produced on an
electrogalvanization line is shown in FIG. 1. The
inventors discovered that a plating layer is formed along

the relief configuration of the sheet stock imparted by
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temper rolling and that the plating layer surface has
micro configuration caused by the microcrystal forms of
the electrogalvanization layer itself. However, they
discovered that the configuration caused by the
microcrystal forms on the surface of the plating layer
formed on sheet stock projecting parts includes flattened
portions due to crushing. The portion is shown by the
dark contrast indicated by the arrow in the figure. The
roughness of this crushed portion cannot be measured by a
stylus-type surface roughness meter defined by JIS B
0651. That is, a stylus~type surface roughness meter uses

a metal stylus as a measurement probe, and the radius of

curvature R of the front end of the stylus is about 5 um,
50 it is not possible to detect the microcrystal forms
caused by plating crystals of FIG. 1. Therefore, the
inventors studied intensively the technique for measuring
such microcrystal forms and as a result learned that it
is sufficient to use a scanning electron microscope type
3D roughness analysis system.

FIG. 2A to FIG. 2C show the results of measurement
using a field emission electron beam 3D rougliness
analyzer (ERA-8900FE) made by Elionix. This analyzer is
equipped with a 4~channel secondary electron beam
detector and can guantify surface relief. As a result,
the resolution of the roughness analysis is extremely
high, and is 1 nm in the height direction and 1.2 nm in
the plane direction. It is possible to sufficiently
measure micro forms of the plating crystals of FIG. 1.

The photograph of FIG. 2A is a composite image of
the combined signals of the 4-channels. The dark contrast
part in the figure (area of (1) in the figure) is the
region of the projection of the sheet stock. The plating
layer is crushed and flattened there. On the other hand,
the area of the surrounding parts represents the
depressed part of the sheet stock, where the microcrystal
forms of the plating layer are maintained. The micro

configurations of these areas are respectively shown in
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FIG. 2B and FIG. 2C.
Furthermere, to quantify the surface configuration
at the local regions based on this digital image data,
the value of Ra in the region of the evaluated length 20

5 pm was found. The Ra of the crushed area of (1) in FIG.
2A was 0.02 pm, while the Ra of the other parts was 0.06
um. That is, by measuring the roughness in the extremely

narrow range of an evaluation length of 20 pm, the
projecting crushed parts and the other parts where the
10 plating microcrystals remain differ in Ra by close to 3-
to-1 ratio, whereby it was possible to clearly indicate
the difference in roughhess.
Next, the inventors studied in detail the effects of
such micro configuration of the sheet stock projecting
15 parts on the state of coverage of the surface of a thin-
‘ film primary rust prevention coating film. The inventors
coated a plated steel sheet without the plating
microcrystals of the sheet stock projecting parts being

crushed and a steel sheet with them crushed with water-

20 based polyolefin resin coatings to 1.2 um and examined
their cross-sectional structures by a scanning electron
microscope. The results are shown in FIG. 3A and FIG. 3B.
The resin-coated layer of the not crushed plated steel
sheet of FIG. 3A becomes thin at the projecting parts of

25 - the sheet stock. Further, at the projecting parts of the
microcrystals at the plating layer surface of those
parts, a state where the resin-coating layer did not
completely cover the surface was observed. On the other
hand, the inventors learned that at the crushed plating

30 of the sheet stock projecting parts of FIG. 3B, the
resin-coating layer became thin, but completely covered
the surface. That is, if there are microcrystal forms of
the plating layer surface of sheet stock projecting
parts, these act to lower the coverage of the resin layer

35 and partially expose the plating layer. These exposed

parts become conduction points, so the inventors learned
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that conductivity was secured by contact of steel sheets
with each other or contact with a conductive terminal. On
the other hand, the inventors learned that parts where
the micro configuration of the plating layer at sheet
stock projecting parts are crushed are covered by the
insulating resin film, so no conductivity was expressed.
That is, the inventors discovered that to improve the
conductivity of electrogalvanized steel sheet, just
controlling the relief configuration of the sheet stock
is not enough and that leaving a microcrystalline
structure at the plating layer surface of the projecting
parts 1is important.

The present invention was made based on these
technical discoveries. The inventors used as an indicator
defining the residual degree of micro configuration at
the plating layer surface of sheet stock projecting parts
the value of Ra of an evaluation length 20 pm of the
parts other than the projecting part and judged that if
the value of Ra of the sheet stock projecting parts is
70% or more, crushing does not occur or there is some
crushing, but there is no effect on the conductivity.

Next, the reasons for limitation of the numerical
values of the present invention will be discussed.

First, the surface roughness of plated steel sheet
shown by a usual stylus-type roughness meter is, in terms
of the arithmetic average roughness Ra defined by JIS B
0601, 0.3 pm to 2.0 pm. If Ra is smaller than 0.3 um, the
surface coverage of the thin-film primary rust preventive
coating layer becomes good. This is desirable from the
viewpoint of the corrosiocn resistance, but is not
preferable from the viewpoint of the conductivity. As a
result, setting the thickness of the thin-film primary
rust preventive coating layer for achieving both

conductivity and corrosion resistance becomes difficult.

On the other hand, 1f Ra exceeds 2.0 um, the coverage of

the thin-film primary rust preventive film becomes
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Pol yol ef i n- basegtt remely poor, and the conductivity becomes extremely

good, but the corrcsion resistance deteriorates. Thus, it
no longer becomes possible to set a range of film
thickness where both are achieved. Therefore, Ra was
5 determined to be 0.3 pm to 2.0 pm. Preferably, Ra is 0.6

to 1.5 pm, more preferably 0.6 to 1.1 um, most preferably

" about C.% pm. The maximum peak height Rp, for reasons
similar to Ra, was also determined to be 4.0 um to 20.0
pm. Preferably, Rp is 12 to 20 pm, more preferably 12 to

10 17 pm, most preferably about 15 pum.

If the zinc or zinc alloy plated steel sheet has a
plating deposition smaller than 5 g/m?, the sacrificial
corrosion resistance action with respect to the steel
sheet becomes insufficient and red rust ends up occcurring

15 in a short time, so this is not preferable. At 300 g/m? or
more, the effect of improvement of the corrosion
resistance ends up becoming saturated, the plating cost
increaseg, and powdering-like plating peeling occurs, so
this 1s not preferable.

20 To define the forms of the plating microcrystals of
the sheet stock projecting parts, the inventors took note
of the peaks cf B0% or more of the Rp and defined the Ra
in the range cof 20 pm of the evaluation length of those
parts. At parts of less than 80% of the Rp, no contact

25 occurs with the metal rolls. Further, if smaller than the

evaluation length of 20 um, the measurement error no

longer can be ignored, while if larger than 20 um, the
evaluation length can go beyond the boundary of the sheet
stock projecting part and end up including depressed

30 parts, so this is not preferred.

For the parts other than the projecting parts, the
parts 20% above and below the vicinity of the average
line were used for representative values. The value of
the Ra (average) of those parts was made the standard

35 value. The inventors learned that 1f the Ra (peak}! of the

sheet stock projecting parts (peak parts) is a value of



_paseg- uTj a70At 051 Pol yol ef i n-based poseq-ufl aToATod Pol yol efi n- based

Pol yol ef i n- based Pol yol ef i n- based Pol yol efi n-based paseq-u73o0ToATod

Pol yol ef i n-based Pol yol ef i n- based Pol yol ef;-n-based paseq-uTgeToATod

-Pol yol ef i n-based Pol yol efi n-based Pol yol efin-based Pol yol ef i n-based

Pol yol ef i n-based Pol yol ef i n- based PaReg- uTheTOA- Cod Pol yol efin-based 1
Pol yol ef i n- baséds Renctor®elés et weenl ypt atihgreaand codtherr Rel atiwrhiGlg by

st ands/ not 1 e t and a:pﬂ,s t t ands
St ands St andsS%%%g%éé;%u%?glit%dgngéueggg%angs hsqp‘ e%é‘d:%%%% %Stt gln%ls

St ands St ands Stanes spudyy SputecStands aplegy SpUeygy spustgndol 1dmg
force, N mm G%hgo&hgp%ar%,g t@@ginvé}%rSOQ%a% tqgslgc if the value

5 of Ra of those parts becomes less than 70%, the crushing
by the metal rolls becomes remarkable. The upper limit of
the ratio of Ra {(peak)/Ra {average) is determined to be
110% since the larger the transfer of roughness of the
rolls, the greater the drop in the continuous operating

10 ability due to wrapping of zinc around the rolls etc.
Preferably, the ratio of Ra (peak)/Ra (average) is 70 to
110%, more preferably 95 to 105%, most preferably about
100%.

If the peak parts become too small in Ra (peak),

15 they end up being completely covered by the thin-fiim
primary rust preventive coating layer and no surface
conductivity is expressed, so the lower limit of Ra
(peak) was determined to be 0.03 um. On the other hand,
if Ra (peék) becomes too large, the coverage rate of the

20 coating film falls, and the surface conductivity is
improved whereas the corrosion resistance deteriorates,
so the upper limit thereof was determined to be 1.0 pm .
Preferably, Ra (peak) is 0.03 to 1.0 pm, more preferably
0.03 to 0.5 pm, most preferably about 0.2 pm.

25 Further, the inventors learned that even if there
are crushed parts at the sheet stock projecting parts (Ra
less than 70%), if the area ratic of those parts is not
more than 5% of the zihc—plated surface area as a whole,
the material of the present invention achieving both

30 conductivity and ccorrosion resistance is obtained. If the
area ratio became larger than 5%, the characteristics of
the crushed parts became dominant and the drop in
conductivity became a value which cannot be ignored. The
area ratio is more preferably 3% or less, most preferably

35 % or less.

To leave the microcrystal forms of the sheet stock
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projecting parts, optimization of various operating

conditions is required, but the most important thing is
to prevent strong rolling by the metal rolls after the
plating until the formation of the thin-film primary rust
5 preventive coating layer. If the rolls are winding rolls,

the rolling force is small and no crushing occurs, but in
the case of pinch rolls where the steel sheet is
contacted therewith by line contact, the upper limit of
the rolling force must be controlled. At this time, the

10 upper limit where the Vicker's hardness of the plating
layer prevents crushing from occurring differs, but the
hardness of a plating layer easily changes according to
the electroliysis conditions or concentration of
impurities in the bath, sc it is not effective to define

15 the rolling force of metal rolls across the board. The
inventors studied in detail the upper limit allowable
value of the roll rolling force and as a result
discovered a relation defining the upper limit of the
rolling force. That is, when the rolling force per mm

20 length of the roll is F (N/mm?) and the microvicker's
hardness of the plating layer measured by JIS Z 2244 is
MHv, the following relation stands:

F<9.8065MHv x (R*- (R-hx107%)%)%3 (1)

where, R is the roll radius {(mm), while h is the value of

25 Rp (um) of plated steel sheet.

If F becomes larger than the value of the right side
of formula (1), the plating layer ends up becoming
crushed, so this is not preferred. If smaller than the
value of the right side, the shapes of the projecting

30 parts defined by the present invention can be maintained.
In formula (1), if the standard MHv of pure zinc plating
is 50, the radius of the pinch rolls is 100 mm, and the
Rp of the plated stéel sheet 1s 10 pm, the right side
becomes ©693. On the other hand, the rolling force of

35 standard pinch rolls is 1000 to 32000 (N/mm?) or so. Thus,

under ordinary operating conditions, the rolling force
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necessary to control the rolling force so as to satisfy
formula (1) discovered by the present invention.

5 It is important that the thin-film primary rust
preventive fiim be set to a thickness achieving both
conductivity and corrosion resistance. The smaller the Ra
of JIS B 0651 of the sheet stock, the smaller the optimum

film thickness. This value cannot be specified, but when
10 Ra is 0.3 pm, at the minimum 0.2 um is necessary. On the

other hand, when Ra i1s 2.0 pm, at the maximum 5.0 um is

permitted. Therefore, the lower limit and upper limit

film thicknesses were determined to be 0.2 pum and 5.0 um.
However, there are various optimum values due to the

15 effects of a number of factors such as the shape of the
sheet stock, the roughnesses Ra and Rp of the
microcrystals of the projecting parts, the type of
coating, etc.

The thin-film primary rust preventive layer may be

20 of any type such as water-based resins such as acrylics,
olefins, urethanes, styrenes, phenols, polyesters, etc.
or solvent-based epoxies etc. Alternatively, it may be
based on inorganic silica, water glass, metal salt (a Zr,
Ti, Ce, Mo, or Mn oxide). Further, it may be based on an

25 crganic-inorganic cémposite silane coupling agent. The
film may-have added to it phosphoric acid, an inhibitor
ingredient, or Co, Ni, or other metals for improving the
corrosion resistance and improving the blackening
resistance.

30 Single layer treatment of only the thin-film primary
rust prevention film gives sufficient performance, but if
further applying an undercocat treatment comprised of
chromate-free undercoat treatment, the corrosion
resistance, coating adhesion, and other aspects of the

35 film performance are improved much more so this is

preferred. As the chromate-~free undercoat treatment



El ectrogal vani zati on El ectrogal vani zati on El ectrogal vani zati on

El ectrogal vani zati on El ectrogal vani zati on El ectrogal vani zati on Pt 9l hii
7TNYgm 11-' 9JR60740eTE piectrogal v.-10 Wt %x |Electrogalv.-1 w% o TNYgm
1-- Ale501goR12 | Electrogalv.-3 w9 -7 &r El ectrogal v. -10 wt %vh Hot
dip galv.-0.3 wt%l Hot dap galv.-5 %Al OS T "x3 -x5 x3 b -x3 9 ' xS 9
-xa L -x2 8 *x3géntx3Zi0Tokxfe] TI'i XxZde, X8 dkidxE &F oxBle91a-x3 LI -XE

T 5 12 gt e By ot Y o IR bz ?t
If the amount deposited is 0.001 g/m® or less, sufficient
performance cannct be obtained, while if over 0.5 g/m?,

5 the effect becomes saturated and the adhesive strength
conversely falls and other problems surface.

Exanples

Next, the present invention will be explained in
detail based on examples.

10 Electrogalvanized steel sheet was prepared under the
follewing conditions. For the sheet stock, cold rolled
steel sheet of a thickness of 0.8 mm was used. The
surface roughness of this sheet stock was adjusted by
changing the roll roughness of the rolling rolls used in

ib the skin pass mill after continuous annealing. The roll
roughness was given by a discharge dulling process. This
sheet stock was electrogalvanized using an
electrogalvanization facility. The electrogalvanization
was performed in an acidic zinc sulfate bath at a current

20 density of 50 to 100 A/dm® by a line speed of 50 to 120
m/min.

Hot dip galvanized steel sheet was prepared under
the following conditions. For the sheet stock, cold
rolled steel sheet of a thickness of 0.8 mm was used.

25 This sheei stock was hot dip galvanized using a hot dip
galvanization facility. The zinc bath was a ZIn-0.2 wt3%Al
bath of a temperature of 460°C. The sheet stock reduced in

a hydregen-nitrogen reducing atmosphere down to 8C0°C was

cocoled to a sheet temperature of 480°C, and was then

30 dipped in the bath. Two seconds after dipping, it was
taken out and wiped by nitrogen gas to control the amount
of plating deposited. The line speed was 100 m/min. The
surface was given roughness by an in-line temper rolling
mill after plating.

35 The plated surface configuration was measured in

accordance with JIS B 0651. The apparatus used was a
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5 The rclling force of the metal rolls to the coating
section after plating was changed from opening to 3000
N/mm to change the crushed state of the sheet stock
projecting parts. The thin-film primary rust preventive
coating was coated by a roll coater to a film thickness

10 0of 0.1 to & pm and baked in a drying oven to a sheet

temperature of 150°C. For the resin ceoating, a polyolefin
resin ("Hitec 5$5-7024" made by Toho Chemical) was added to
pure water to give a resin solid concentration of 20 wt%,
ammonium phosphate was dissolved to give a concentration

15 of phosphoric acid ions of 1 g/L, then water-based silica
("Snowtex N" made by Nissan Chemical) was added in an
amount of 25 g/L to obtain a primary rust preventive
coating agent. On the other hand, for the inorganic
resin-pased coating, "CT-E300N" made by Nihon Parkerizing

20 was used. For the inorganic cecoating, a primary rust
preventive coating agent prepared by adding 50 wt% of
fluorozirconic acid and 50 wt% of a silane coupling agent
to pure water and adijusting the pH by phosphoric acid to
3.0 was used,

25 The corrosion resistance of the obtained test piece
was judged by corroding the piece by the salt water spray
test method of JIS Z 2371 for 72 hours and determining
the area rate of the white rust on the surface. A white
rust of 1% or less was evaluated as "A", one of 5% or

30 less as "B", and one greater than 5% as "C". "A" and "B"
were designated as "passing" and "C" as failing. The
conductivity was measured by a LORESTA EP made by
Mitsubishi Chemical. The contacter was an ESP type (4-
probe type} with a contacter front end of a diameter of 2

35 mm and a distance between terminals of 5 mm. The number

of times of conduction at a surface resistance of 1 mf) or
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less by a contacter load of 1.5 N/contacter and a test
current of 100 mA among 20 times at different positions
was judged. Conduction 20 times was evaluated as "A",
conduction 10 times to 19 times as "B", and nine times or
5 less as "C". "A" and "B" were designated as "passing" and
"C" as failing.
Tablie 1 shows the surface properties of the plating
layer and the surface properties of the microscopic
region plating layer, while Table 2 shows the data of the
10 plating layer and the thin-fiim primary rust preventive
coating layer. Examplies 1 to 39 are examples of the

present invention.
Table 3 summarizes the results of evaluation of the

corrosion resistance after 72 hours of SST and the

15 results of evaluation of the surface conductivity.
Examples 1 to 3% are excellent in both corrcsion
resistance and conductivity and achieve both performances
at all levels, while Comparative Examples 1 to 10 are
poor in either corrosion resistance or conductivity and

20 do not achieve both performances.
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1 0.3 4 100 .2 0
Ex. 2 0.6 12 95 0.2 Q
Ex. 3 1.1 i5 S8 0.2 0
Ex. 4 1.5 17 95 0.2 0
EX. 5 2 20 105 0.2 ]
Ex. 6 0.9 15 10 0.2 0
Ex. 7 0.9 15 110 0.2 0
Ex. 8 0.9 15 100 0.2 5
Ex. 9 0.8 15 100 0.2 3
Ex. 10 0.9 15 100 0.2 i
Ex., 11 0.9 15 100 0.2 1
Ex. 12 0.9 15 100 0.2 1
Ex. 13 0.9 15 100 0.2 1
Ex. 14 0.9 15 100 0.2 1
Ex. 15 0.8 i5 100 0.2 i
Ex. 16 0.9 i5 100 0.03 1
Ex. 17 0.9 15 100 0.1 i
Ex. 18 c.3 15 100 0.5 1
Ex. 19 6.9 i5 i0d 1 1
Ex, 20 6.9 15 100 0.2 1
Ex. 21 0.9 15 100 0.2 1
Ex. 22 0.9 15 100 0.2 1
Ex. 23 0.9 15 100 0.2 1
Ex. 24 0.5 15 100 0.2 1
Ex. 25 0.9 15 100 0.2 1
Ex. 26 0.9 15 100 0.2 1
Ex., 27 0.2 15 100 0.2 1
Ex. 28 0.9 15 100 0.2 I
Ex. 29 0.9 15 100 0.2 1
Ex. 30 0.9 15 100 0.2 1
Ex. 31 0.9 15 . 100 0.2 1
Ex. 32 0.3 4 . 100 0.2 0
Ex. 33 1.1 15 100 0.2 0
Ex. 34 1.5 17 100 0.2 G
Ex. 35 2 20 100 0.2 Y
Ex. 36 0.9 15 100 0.2 1
Ex. 37 0.9 15 100 0.2 1
Ex. 38 0.9 15 100 0.2 1
Ex., 39 0.9 i5 100 0.2 1
Comp. Ex. 1 0.2 3 100 0.2 o]
Conp., Ex. 2 2.2 22 105 0.2 ¢
Comp. Ex. 3 0.9 is 0 0.2 0
Comp. Ex. 4 0.9 15 70 0.2 10
Comp. Ex. 5 0.9 15 100 0.2 1
Comp. ExX. 6 0.9 15 100 0.2 1
Comp. Ex. 7 0.9 15 100 0.2 1
Comp., Ex. 8 0.9 15 100 0.2 1
Comp., Ex, 9 0.8 15 100 0.02 1
Comp. Ex. 10 0.9 15 100 1.5 1
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A A Ex.19 B Ex.20 A A Ex.21 A A Ex.22 A A
Ex.24 A A Ex.25 A A
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Table 3
No. Coxrrosion resistance|Conductivity|Remarks
Ex. 1 A A
Ex. 2 A A
Ex. 3 A A
Ex. 4 A A
Ex. 5 A A
Ex. 6 Y A
Ex. 7 A A
Ex. 8 2 A
Ex. 9 A A
Ex. 10 A A
Ex. 11 A A
Ex. 12 A A
Ex. 13 A A
BEx. 14 A A
Ex. 15 A A
Ex. 16 A B
Ex. 17 A A
BEx. 18 A iy
Ex., 19 B A
Ex. 20 A A
Ex, 21 A A
Ex. 22 A A
Bx. 23 A A
Ex. 24 A A
Ex. 25 A A
Ex. 26 A A
Ex., 27 A A
Ex. 28 & A
Ex. 29 A A
Ex. 30 A A
Ex, 31 A A
Ex. 32 A b3
Ex. 33 A o
Ex. 34 A A
BEx. 35 A a
Ex. 36 A A
Ex. 37 A A
Ex. 38 A piy
BEx. 39 . A A
Comp. Ex. 1 A C
Comp. Bx. 2 C A
Comp. Ex. 3 A C
Comp, Ex. 4 A c
Comp. Ex. 5 C A
Comp. Ex. 6 A A Powdering-like plating peeling, no good
Comp. Ex., 7 C A
Comp. Ex. 8 a C
Comp. Ex., 9 2 C
Comp. Ex. 10 C A
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INDUSTRIAL APPLICABILITY

The zinc or zinc alloy plated steel sheet of the
present invention can be used as surface-treated steel
sheet superior in conductivity and corrcsion resistance.
In particular, it can be used for applications where
surface conductivity is required such as housings of
copiers, facsimiles, and other office automation
equipment or PC cases, AV equipment etc. where grounding

is required.

Ex.

31
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Ex.36 A A Ex.37 A A Ex.38 A A Ex.39 A A
Comp. Ex. 2 CA Comp. Ex. 3 AC Comp. Ex. 4 AC
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CLAIMS
1. A zinc or zinc alloy plated steel sheet

superior in surface conductivity after being given a
thin-film primary rust preventive coating layer having an
arithmetic average roughness Ra of a zinc-plated layer
surface defined by JIS B 0601, obtained by a stylus-type
surface roughness meter defined by JIS B 0651, of 0.3 um
to 2.0 um and a maximum peak height Rp of 4.0 um to 20.0
um, wherein the arithmetic average roughness Ra {peak)
obtained by measuring a range of evaluation length of 20
um of peak parts of 80% or more of the Rp by an electron
beam 3D roughness analyzer is 70% or more of the
arithmetic average roughness Ra (average) obtained by
measuring a range of evaluation length of 20 pum of parts
of a height of #20% about an average line, ocbtained by a
stylus~type surface roughness meter, by an electron beam

3D roughness analyzer.
2. A zinc or zinc alloy plated steel sheet

superior in surface conductivity after being given a
thin-film primary rust preventive coating layer as set
forth in claim 1, wherein the area of the parts where the
arithmetic average roughness Ra (peak) obtained by
measuring a range of evaluation length of 20 pm of peak
parts of 80% or more of the Rp defined by JIS B 0601,
obtained by a stylus-type surface roughness meter, by an
electron beam 3D roughness analyzer is less than 70% of
the arithmetic average roughness Ra (average) obtained by

measuring a range of evaluation length of 20 um of parts

of a height of *20% about an average line, obtainedlby a
stylus-type surface roughness meter, by an electron beam
3D roughness analyzer is 5% or less of the zinc-plated
surface area as a whole.

3. A zinc or zinc alloy plated steel sheet
superior in surface conductivity after being given a
thin-film primary rust preventive coating layer as set

forth in claim 1 or 2, wherein the arithmetic average
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sheet of the present invention can be used as surface-treated steel sheet
superior in conductivity and corrosion resistance. 5In particular, it can
be used for appd)ﬁl@lamda@ﬂsRa\hev@als)urdkaMMd:LLCtMQﬁiatwijrsg rrequirrgsd csfuch as
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af ter being gl ven a thin-fil m ri mary rust preventi.ve coatin havi ng
an arithnetic alerage roughnes H Hi eI &t GHY ?L?%f“h%) def i ned

by JI B B50601, rcﬂhﬁl@té\fﬁd é&ya@ﬁwlluss a ype surface o gghness neter defined by
JIB B 0651, of 0.3 zﬁmtoz mandamaxwrumpeak hei g Ro of 4.0 p.mto
20.0 pun, wherein the arpl‘tzrfrﬂi{ i dAdtage Y8l @(ege ©ef0obt ai ned by

measuring a raa”lgﬁazﬁifoﬁwsﬂ uaid fatd engidudﬂna_a;&praﬂﬁerpe;aalm@rgt@e@f 80% or
nore of the el ectron beam 3D roughness anal,yzer. is 70% or nore of
the arithmetic havréa’%g]@‘ 6 B (pdif’eveggiéjveolﬁoﬁ BV Yidadlsr 967G a range
of eval uati on fleengt huofargﬁ) QB osz pardisn€l 8 afo & ,heitghte iof 220%vahcite an

aver age; jine, t.al b st t su C hne t.er, by an
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st eel sheet swpﬁﬂ1Mg|1m@ﬂfl@® @m&u&wwtw@ter bel ng given a

20thin-filmprimar y5 rUSt pl’ %\ﬁergitl erp OaE}ucrlig_Lolnayoe aaszfnect or zinc alloy

plated steel sheet superior in surface conductivity after
being given a thin-film primary rust preventive coating

15 layer, saild zinc or zinc alloy platéd steel sheet
produced by plating a steel sheet with zinc or a zinc
alloy, and then forming a thin-film primary rust
preventive coating layer, said zinc or zinc alloy plated
steel sheet having an arithmetic average roughness Ra of

20 a surface of a zinc-plated layer defined by JIS B 0601,

obtained by a stylus-type surface roughness meter defined
by JIS B 0651, of 0.3 pum to 2.0 pum and a maximum peak
height Rp of 4.0 um to 20.0 um, an arithmetic average

roughness {(Ra) (peak) obtained by measuring a range of an

25 evaluation length of 20 um of peak parts with 80% or more
of the Rp by an electron beam 3D roughness analyzer being
70% or more of an arithmetic average roughness Ra
(average) obtained by measuring a range of evaluation
length of 20 um of parts of a height of *20% about an

30 average line, ocbtained by a stylus-type surface roughness
meter, by an electron beam 3D roughness analyzer, said
method characterized by controlling a rolling force so
that a relation stands where a rolling force F (N/mm?) per
mm roll length applied to a plating surface by pinch

35 rolis contacting a conveyed steel sheet and a

microvicker's hardness MHv of the plating layer measured



forth in claim1l1l, wherein the area of the parts where the arithnetic

aver age roughness Ra (peak) obtained by neasuring a range of eval uation

| ength of 20 I'm of peak parts of 80% or_ e of the Rp defined by JIB B
0601, 25obtained by a stylus-type surface Toughness neter, by an el ectron
beam 3D roughness anal yzer is less than 70% of the arithmetic average
roughness Ra (ayefafge) dbtai nedibyynelasufdhpowalmangel ofi@val Uatiosml ength
of 20 pmof p (o] t _of 20% about. an average Ilne 0 i ned by a
30st yl us- typeaéhé a%%er%ue%geggenétﬁs p%PV%% %Iec ron é%ﬁ? ﬂgi%Bﬁﬁness
anal yzer is 5% ayetess bhetﬁerlzehmerplfaieua@utcrﬁmefaheapzasnarW@t

3. Azinc or zj pL t heet superior in surface conductivity
after being gi%ggvgﬁggyﬁl 8%§$n§ ??%a?y rust preventlve coating | ayer as
set fortlh in claim1 or Q;9m&@6&mthmeaaanhm&U|% a@érage - 25 - roughness
Ra (peak) obtained by neasurin evalu tlon Ie

peak parts of W95 Pote of ?gje gjdgsfl 81%6‘%)1 bt ac?ﬁe@b?/
styl us-type SU&E@C@lj@@@h@@@@lﬂ@ﬁ@ét Py an electron beam 3D 5r oughness
analyzer is 0.03 Rmto 1.0 Rm 4. A zinc or zinc alloy plated steel
sheet superior in surface conductivity after being given a thin-film
primary rust preventive coating |layer as set forth in any one of clains 1
to 3, wherein an average 10t hi ckness of the thin-filmprimry rust
preventive coating layer is 0.2 Rmto 5.0 gm 5. A net hod of
production of a zinc or zinc alloy plated steel sheet superior in surface
conductivity after being given a thin-filmprimary rust preventive coating
15l ayer, said zinc or zinc alloy plated steel sheet produced by plating a
steel sheet with zinc or a zinc alloy, and then formng a thin-filmprimry
rust preventive coating layer, said zinc or zinc alloy plated steel sheet
havi ng an arithnetic average roughness Ra of 20a surface of a zinc-plated
| ayer defined by JIS B 0601, obtained by a stylus-type surface roughness
nmeter defined by JIS B 0651, of 0.3 Rmto 2.0 gm and a maxi mum peak hei ght
Rp of 4.0 Rmto 20.0 Rm an arithnetic average roughness (Ra) (peak)
obt ai ned by neasuring a range of an 25eval uation | ength of 20 gm of peak
parts with 80% or nore of the Rp by an el ectron beam 3D roughness anal yzer
being 70% or nore of an arithnetic average roughness Ra (average) obtai ned
by neasuring a range of evaluation Iength of 20 Rmof parts of a height of
20% about an 30average |line, obtained by a stylus-type surface roughness
nmeter, by an el ectron beam 3D roughness anal yzer, said nethod characterized
by controlling a rolling force so that a relation stands where a rolling
force F (NmR) per mmroll length applied to a plating surface by pinch
35rolls contacting a conveyed steel sheet and a m crovicker's hardness Miv
of the plating |layer neasured - 26 - by JIS Z 2244 satisfy the follow ng
relation (1) fromwhen the steel sheet is provided with the zinc-plated

| ayer to the formation of the thin-filmprimary rust preventive coating

| ayer: 5F<9. 8065MHv Xx(R2-(R-hx10-3)2)(L5 (1) where, Ris a roll radius
(mm, and h is a value of Rp of the plated steel sheet (pn).



