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the coating bath adds heat to the strip. In perpendicular gasimpingement. S i
. either situation, with different gauges: and™ Several factors contribute to the advantages .. Yt
widths of strip, with changing.temperature of of substantially perpendicular gas impinge- appea:
: the strip itself due to differing heat tréatment ment. For one thing the nozzles 24 and 26. 05 L a0 mike
40 requirements, and - with different strip- speeds, -can be positioned closer to the strip and the " 10 : " bath
" which are all part’ of everyday galvanizing distance travelled by the steam from' the gas Yy dicula
conditions, bath temperature tends to fluctuate .” outlet of the nozzle to the coated strip can be i of fo
widely, with the changing masses of strip enter-. substantially reduced; in practice a distance . Y Smpin
"ing the bath, Compensation for these differ- ‘around one-half inch and less than about one 110° | .. 45 comir
- 45 ences has been difficult and ordinarily required inch is preferred. Thus the distance between ) B
manipulation ‘of strip temperature or speed to the.opposed gas outlets is preferably not more . o
the detriment of efficient operation of a line. than two inches, This is not practicable with o
" Close control of the coating metal tempera- nozzles positioned at a substantial angle tothe - - | = erat
ture at the strip exit zone of the bath is = perpendicular, The increased distance travelled _ 50- Itjion
' 50 important for sustained uniformity when con- by the steam and the component of force in'the 115 e
' trolling coating weight with gaseous barrier - steam parallel to the: strip resulting from an - fuid
coating weight control. The temperaturé of the  angled nozzle, require an increase in_ steam Cof
coating metal at the strip exit zone of the bath pressure for proper coating _removal. For ex; . the |
influences both coating weight control and the ' ample, with an ?ngle-of_-lmpmgement of 10° . . 55 less
- 85 behaviour of the bath surface below the coat- from normal with superheated steam being 120 Ll
: ing control apparatus, Therefore, a portion 20'. ditected downwardly in a direction opposite . " bart
" . of the coating bath is maintained at a substan- to strip travel, and a travel path for the steam e
: 'tiallv constant temperature by submerged tem- of one inch, an average steam pressure ot: forty- _ by
perature regulator  tubes 21, regardless of two pounds per square inch was. required to 125 60 coat
60 changes in sensible heat effects due to changes™ .be delivered to the nozzle structure to produce 5% e
in strip stcel width, gauge, temperature and/or an ounce and a quarter coating at a line speed . imp
line speed. The strip 18, after passage around, of two hundred: forty feet pef minute. With weig
a sink roll 22, passes upwardly through this substantially perpendicular steam impingement, of 1
“controlled temperature portion 20 of the bath a steam travel path of a_pprox;mately one-half - . &5 . barr
. 65 16 towards a top roll 23, Thus the temperature inch, and a line speed of two hunfired thirty . 130 - : .
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¢ 170 in the m d‘he bath surface near ghgxiting  tion of thesbath as shown in Fi e& 3\ Wi ght
1 stri ls and ls nerall lent described -in ing British Pajent -
0.5 p ge !g o%?'
> ov r are dm ne foot and Beyond” cation . No. 765 (Ser. Ne. U116, oy . [err])
s (topal ofy h@d ndm.g the strip. The However, certain cold ‘strip type lines with :
- 85 20 drag out of coatmg mctal on the strip between borderline bath heating capacnty may require 85
J o the bath and the jets is decreased by the angled selective heating of that portion of the bath
: nozzle and the coating metal at the bath sur-- in order.to maintain a desired temperature
face can be described as “aerated”. As a ' level for the coating metal. :
. result small particles of solidified metal, Uniformity of temperature of the coatmg
9 . 25 referred to as “crumbs”, accumulate on the_ " metal on the exiting strip is usually important 90
- . coated surface and are not removed from the where sustained, uniform coating weight pro- )
strip surface, especially near the edges, by the duction is desu'ed Other reasons which have
.gaseous jets. The result is a roughened surface not been fully explained at this time may
_ - on the finished product. -exist for this' importance. Additionally, it has
95 30 Coating metal held back by the substantlally been found that more uniiform, smoother finish 95
perpendlcular gaseous “jet returns in a smooth coating results when there is a substantial ex-
-“curtain” to the bath, the bath surface is. cess of coating metal to be held.back by the
relatively placid, and there is an increase in gaseous-barrier, Of. course if less than desired .
.. | -drag out of coating metal by the strip. These final coating weight were to be dragged out
100 - | 35 effects stem in part from an interrelation of because of excessive fluidity, the need for regu- 100
: : substantially perpendicular disposition and lating the coating metal temperature to obtain '
lower pressure. proper drag out of coating metal would be
With a downward angle of impingement jt clear. However, the smoother finish- referred -
-+ -appears that a downward component of force to is achieved by virtue of acting on a sub- ..
105 | 40 in the steam.fluffs the coating metal and causes - stantial excess of coating metal over and above 105
© bath turbulence. With substantially perpen- the minimal required merely to meet coating
 dicular impingement any downward component .weight specifications by holdmg back some
of force presented by-deflected steam 'after coating metal. .
impingement appears to be dissipated in over- In practice it is not possible to maintain B
110 45 coming the upward component of force repre- . true perpendicular jmpingement of a heated 110
sented by the mass of upwardly moving coat- gas at all points across a stiip because of - '
ing metal being held back. " slight variation in strip contour resulting from
The effect of regulating coating metal tem- _earlier steel rolling ‘steps. Also while a perpén--
.perature on uniformity of coating and reduc- - dicular disposition is desirable slight variations ‘
115 50 tion of bath turbulence becomes more clear of a few degrees, say at the most 5° above 115
when -the interrelation of temperature and - the perpendicular, are acceptable as introduc- .
fluidity are consldered As the temperature  ing a-minimum.of difficulties. Also in some
of the molten metal in the coating pot rises situations a_ slight angle below the perpen-
the fluidity of the coating metal increases and dicular (in the direction of strip travel) gives *~
(20 55 less coating ‘metal is dragged from the bath,” results comparable to perpendicular disposition. 120 .
o .- more coating metal js held back by the gaseous  Also more uniform edge coating can sometimes’
barrier and the bath surface is more. easily be obtained with a nozzle perperdicular to or
disturbed. ' inclined below the perpendicular to the direc- .
' The . :mportance of substantially constant _tion of strip travel. Therefore, the term “ sub-
25 - 60 - coating metal temperature and resulting con- stanfially perpendicular” as used herein, in- 125
: © stant viscosity at the strip exit is especially cludes impingemient within' the range of five =~ .
“important using the gaseous barrier coating -degrees, above and below the perpendicular '
weight control method. Unlike the rigid nature with the limitation ‘on the upwardly angled .
of the prior art finishing rolls the gaseous . nozzZle not being “critical as the .downwardly _
30 .65 barrier, constituting a barrier to the passage -1ncl|ned nozzle limitation.,, The present inven- - 130
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. spaced across its width from its respective

adjacent nozzle,

To obtain desired planar conﬁguranon,
movement, and spacing in the coating: control
zone, roll guides are specially positioned as

. close as possible to the coating control zone.

Rcferrmg to Figure 1, a guide roll 28 contacts
the strip in the controlled temperature position

21 of the bath below but adjacent the bath’

sutface and applies a force to the strip ‘which

may co-operate with an upper guide roll 30 to
' control positioning of the strip. -

The guide roll 28 is preferably freely rotat-
able and not driven. Both guide rolls 28 and
30 make contact with the strip as close as

possible to the coating control zone without
intetfering with the coating operation and the .
coating surface, respectively. In the latter case,
- with the roll 30, heat is removed from the strip-

after exit from the coating control zone. Cool-
ing air or wet steam from a spout 32 is used
to solidify the coating before contact with the

. guide roll 30, An important feature, reasons for

which are not fully known, is that upper roll
30 can be positioned closer to the bath with the
gas barrier coating weight contro] than is pos-

sible with coatmg control rolls, For example,

' ~ when wet steam is discharged from the spout

55

32 to minimize spangle formation by rapidly
solidifying the coating as described in British'

Patent Application No. 14207/64 (Ser. No.

1,057,533), the spout can be positioned about

five to six feet above the bath rather than the
customary exght to twelve feet above the bath

used with coatmg control rolls. The guide roll’

30, which is positioned a short distance (one

to three fect) above the spout 32, can then be
correspondingly closer to the bath, Because of -

this, the roll 30 is more effective in ‘obtaining

tube: 3(

ace of the strip 18. The adjustment mftﬁ:i" c h es)r - 58 whi

ed on both longitudinal ends asur

nozzles calibrated and are adjust: from :
the same side of the equipiment. The nozzles - 3 : 25 _ cooAar;t\
slides are supported by frame members 46 and 90. . . ofah
48 which are separable to permit installation of - - | . oair. T
- the equipment without cutting the continudus i T ferebly
strip, The frame member 46 also supports an- - . 30 ing fic
. arm 49 which holds the. bearing for the guide i " aroun¢
roll 28. The lateral movement of the strip-18 95 . operat
between. the sink roll 22 and the guide roll y roughl
28 is exaggerated in Figure 2. In practice, P measu
a -shaping and placement force is applied to = = : - 35 to aut
the strip 18 by 'a lateral movement of the .40 77 heater
strip 18 of around three ‘inches between the 100" *! -7 L 40
* sink roll 22 and the guide roll 28. An oppo- . The
sitely directed force may be applied at the roll ' be co
30. The strip 18 moves upwardly along a sub-_ i 40 the c
stantlally vertical path since any lateral offset- - a com
ting is minor compared with the overall length "105 | . satisfe
of the longitudinal path between the sink roll L given
22 and. the top roll 23, usually forty to sixty contre
feet, or more. - : T 45 delive
The guide roll 28 is spaced sevén and one- . i to sel
half inches from the nozzles 24 and 26'in the 110. . -~ 4 o
equipment shown. This spacing can be fifteen. B ‘26 a1
inches or more above the roll 28 dependent . . " on be
on a number of conditions. However, the object - 1 . 50 ing v
"i8 to position -the’ nozzles 24 and 26 as close. T e

to the guide roll 28.as possible in order tn 115 .-

take advantage of the planar configuration of ‘
the strip imposed by the roll 28. In positioning

: the nozzles however, .turbulenice of the bath

and return of coatmg metal to: the bath must | I
) be considered. . 120 -

Molten galvanize coating on the strip should -

preferably be above 800°F. at the time of con--
tact with the coating control. jet. Composition o
.of the galvanizing spelter may effect. this; con- R
ventional galvanizing spelter includes alu- 125 '
minum addijtions -and jmpurity level percen-
tages of lead, antimony, cadmium, etc., and _
has a meltmg temperature m the nelghbour- R
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the tube 50 may be surrounded by a conduit
-52 containing a heat conductive material 54,
+ 20 such as molten lead. ‘Flow of fluid in’the
tube 50 is. controlled by a valve 56 and is
responsive to temperature ‘control apparatus
58 which receives signals from a temperature

25 coolant.
- A superheater 62 controls the temperature
of a heated gas, such as superheated steam or

ferably held substantially constant with vary-.
around 850°F. is preferred but satisfactory

roughly, 500°F. to 1500°F. Temperature
_ measurements at an indicator-64 can be used
35 to automatically control fuel flow to the super-
hcater 62 to maintain the gas temperature at

the desired constant value.
The pressure at the nozzle 24 or 26 cannot

40 the coating. Pressure measurements read -at
a control meter 66, or a similar location, give
satisfactory results once relative values for a

: controls the pressure of the heated gas
45 delivered to the nozzle 24 and is responsive

. to selected pressures at the control meter 66.
A similar control is provided for the nozzle

on both surfaces of the strip when equal coat-

F |\ ing the temperatugsy ofhth gqrp
t y}os g?t‘%et&ge@p%ozg %ﬁ d the nhmal
er mnute
sure  FigioaBi ;h@rs\%fr@htclevatmn, part;lallg
| nl eriy segtion, o coatif L] wid -
[e Iz?t 50 1s su égcglflw?z oating
" bath 16 practice a plurality uch tubes .
4 can be used to define a zone of peraturé

- measuring device 60. Water ls a preferred
air, Temperature of the heated gas is pre-

- 30 ing flow demands. In practice, a temperature’

operation can be obtained within a range of,

be convenicntly measured without disturbing.

given installation are established, A valve 68"

26 and substantially equal pressures are used’
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. Details of the lincarly extended nozzle
structure are shown in Figures 4 and 5.
Nozzle structure 70 includes two. die mem-
bers 72 and 74 which mate to form a linearly
extended gas manifold 76. The die members
72 and. 74 are joined by a series of bolts 78.
‘The separation between the members 72 and
74 determines the nozzle opening or slot and.

is set by use of shim stock 80. Gas is sup-.

plied through a plurality of apertures 82
spaced apart along the length of the manifold
76, in ‘order to obtain a substantially uniform
gas pressure across the full longitudinal

length- of the manifold 76. The gas is dis-

charged through the linearly extended gas
outlet slot 84. The slot 84 comprises a pas-
sageway which is substantially uniform in
length and width throughout its dimension in
the - direction of gas flow. The inlet end of
this passageway communicates with the mani-

for each’ surface of the .

A8 B o fr st
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70

(F]

85.

fold 76 whilst its outlet end faces towards ’

the strip. The manifold 76 is substantially
co-extensive with the slot 84 and opens
throughout its length into the slot, It is to

-be noted that the angle of entry of the gas

with respect to the plane of the exit is shown
at 90° but the invention is not limited to 90°;
however, a substantial angular relationship is
desired in order to obtain uniform gas dis-

‘persal and discharge velocity across the

linearly ~ extended nozzle outlet slot 84.
Typical dimensions for nozzle structure used

.in_obtaining data for the examples presented

50 ing weights on each surface are desired. are:
. For automatic coating weight control, a-
A 57—3/4" "E - '.1/2" '
B B1/8 _F'.' '1_/2-' SR
c BT .G -1z
D o P H 0.015"
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1,127, 832 I n produci ng products with equal coating coating side of the
strip can be noved cl oser wei ght on bot h surfaces the stripis
ordinarily to the strip__o I= ,”ssure_can e . passed Im.(
TRt ween Lise~ToatiNg—-CONEF O TR ] fa%?Lﬁe,-changlng;bf"

nozgl es and the steam pressure on. each nozzle spaC| ng of the nozzles isf

preferred as shown 5 is about t’he same. |n. order t o. make dlffered in f..he
‘fol]owi ng table. tially coated products,” the" nozzl e on the | rght -
TABLE 1V : Wth perpendi ﬂg sg di sposi tion -of" t he nozzl drawi ng¢-
u | i ya ef(}cll- . & ﬁRﬂQ" ga..gg ’Z z2/ Q" \Al rlf h WaS. nr aduced aI a | | ne -
'Sp d of 80 f eet per mnute with_the foIIovm ng settlngs _ '
' prefdSure Coating Weight -  TABE.IL . ' Nozzl e Spacihg_
L2l b /in[err] bontmuous-stn(:l éatvéﬂ‘.ﬁ;:ﬁ[ﬁw }u)zzlcs 4—1/2" ltd gh-tl/Z‘E>I M6 bath level, o
1/ coating mé&dl temperature at exit sid@of bath held athde 8ty 825P B nozzle opening 0.015”, C1-1/ 4
292 substantially p@pendicular impingement, supgrbeated steam te fagxg,q phont 8407 Ft,he spacing E

betjneen {HENS P%ﬁﬁﬂ?ﬁ‘tb‘t}ﬁﬁ“ﬂ its gdjpcrns gtripavefst 0% Yol zone nozzles to . [
nge coati ng wei ght |s an gagdsan- - Imad ed |nlmplvatel yRa,bgve t he rml teng "
t- 5 - metal, and .
n _upvvar%}ég/'ri‘lﬁk“as*p0| nt wheP@8 i nf¥ement fept .WA%H i's not r eadi If
ting me ?ﬂ)plledtothe strip has solidi- - 'availabl-e with angled .
i ngenendwip $aaki ng fied ths coatingsewei ght 2sonirol zome extend- “of ko
| ed nozz(iweSI:annot ‘be changed without ing upwardly fromthe nolten
ting al 29 t he,gpoi nt of _j npact - of t he gas th through ak
portion g?i. ide ?tc%{'\'/gfegpath 01?38,[ he 20 % e -strip. Therefor%ﬁthe point of [
act for cont| nuous netallic strip in which the weight one nozzle
be reamtmlg‘s‘f?r@etl’w'ﬁm t49%  of . t# mol ten4toating Métal  applied to f-

ot hef*{PPn an angl ed dlsp05|t|on "One result” "strip in the bath clgn

be [cont r ol §Reh ofdlind €pin§E. ~ ~ CA0D. 'be an- egipe buil dyyp of coasspng netal . "Wth
‘di $posed for ‘heat exchange with nolten coat- . t he: nozzl es di sposed
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65 | arl \{fg the strip this probl em does not_exist _of controlled

erature coating netal in ~ and a convenient neans of adj usti- ng :
~coating the bath contiguous to _lt_he tIrIaveI path of t he '

The following differing products were run over a three hour petmd on the same line-

- with the nozzles 4—1/2" to 5—1/2" above' bathr level, nozzle opening 0.015", Substantially -
- perpendicular impingement, and spacing between each.nozzle and its ad;aoent strip surface
about 3/4". The coating metal temperature at the exit side of the bath was held at or near 825°F.
despite wide changes in strip heat added to pot by chnnges in steel mass introduced and

varymg line speeds '
, Run 9 - - Run. 10 _ Run 11
Strip Thickness e 0.018 . .0.0157 . - -0.0187
(inches) : o o R
Swip Width . - 0 3 . 3
opside Steam Pressure 32 - 26 B 28
Ib./in.?) | ' - S : :
Bottomside Steam Pressure = : 32 . 26 - .- .28
Speed of Line (fpm) TSm0 1o 180
.Coatlng Weight . o . -0.94. .. . .0.'94'.. . 0.97
U (ezfRY : . o T
" Product ‘Form 7 coilss © 7 Shees - . Cois

Use = - . : - - Pipes .- 'f.Wdrehou_se Stock - R-edﬁilg'__., .
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