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FOREWORD

A galling test was conducted to provide a basis for selecting
a material for the Pathfinder boiler fuel element nozzle so that
galling of the nozzle or reactor grid plate is precluded.. The test
and evaluation of results are described in the following report.

The test was undertaken as part of the research and development
program for the Pathfinder Atomic Pawer Plant, which is a 66-mwe
plant that will be owned and operated by Northern States Power
Company of Minneapolis: The plant will be buiit near Sioux Falls,
South Dakota and is scheduled to become critical in mid-1962.

Contributing to the research and development program are the -

“U. S. Atomic Energy Commission and Central Utilities Atomic Power .
Associates, a group of ten midwestern private utility companies.
CUAPA members include the following: Central Electric and Gas
Company, Interstate Power Company, |owa Power and Light Company,
lowa Southern Utilities Company, Madison Gas and Electric Company,
Northern States Power Company, Northwestern Public Service Company,
Otter-Tail Power Company, St. Joseph Light and Power Company, and
WIsconsin Public Service Corpora*ion

Allls-Chalmers Manufacfurlng Company is prime contractor for
desugn and construction of the plant. The plant will lncorporafe
the Control led Recirculation Boiling Reac+or with Integral Nuclear
Superheater. . :




"ABSTRACT

Galling tests of 304, 17-4PH, and chrome-plated 304
stainless-steel nozzles with 304 stainless-steel sleeves
were conducted at Pathfinder reacter conditions of 489 F,
600 psig. A horizontal force was imposed en the sleeve
with"the nozzle inserted; and the nozzle was moved axially
to determine galling tendencies. Galling was produced on
both the 304 and 17-4PH stainless-steel nezzles. The
chrome-plated 304-stainless-steel nozzles were cycled
numerous times without galiing. On the basis of these
tests, chrome-plated 304L~-stainless~-steel is the material
selected for the Pathfinder boiler fuel-element nozzle.
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|.___INTRODUCTION

The Pafhfinder boiler fuel-element nozzlé conéisfs of a holiow cylinder“wifh
Two}]éndsvyhichffi+s into a 304L stainless steel sleeve in the reactor grid
pf;fe. -éué +o fluc*ua+ions in +empeFa+ure and flow during reac#or~opera}ion,
+he.ngzzle may move up and down with respect to the sleeve. The verfjcal
moyemenf may be accompanied by a horizon+él load due to tilting of the nozzle.
Therefore, gall}ng of sleeve and noizlg material is possible.

Three materials otherwise suffab{e fof the nozzle are 304, l7-4PH,hand
chrome-plated 304 stainless steels. In order to ensure that galling does

not become a problem in the operating reactor, a test is necessary.

2.  OBJECTIVE

Tests were conducted of nozzles made of 304, |7-4PH, and chrome-plated 304
stainless steels to deiermine the material and surface finish which wpuld
result in minimum ga[fing when used with a 304l stainless steel grid plate

at Pathfinder operating corditions.

5. _CONCLUSION

Of the three materials tested, chrome-pla+¢d 304 stainless steel yielded

the best results, and was therefore specified for use in the Pathfinder
'Boiler fue! elements. [t was found that in chrome-plating the 304 stainless
steel, i+'was necessary to héve a smooth, blended transition from the chrome-
plated portions to the unplated portions. Without the blends, the chrome

plate had a tendency to chip and peel from the base metal.




In tests 4 and 5, there were no obvious differences in wear that
could be attributed to improvement of the surface finish from 16 |
. microinch rms to 8 microinch rms. In test 3 (18-25 microinch rﬁs nozzle
surface finish), scratches appeared on the sleeve before any horizontal
load had been appl!ied; a condition which did not occur in tests 4 and 5.
Thereforé, the conclusion was made that surface finishes above 16
microinch rms had a noticeable effect on the wear characteristics, and
that surface finishes beffer than 16 microinch rmsiwould yfeld only
negligible improvement.

Although 304L stainless stee! is used for_+he»s|eeves in the
Pathfinder, it was assumed that its tendency to gal! is not significantly
different than the 304‘s+ainless stee! usgd in the test and, therefore,

- that the test is enfirejy per+inéh+ to the Pathfinder fuel element nozzles.

The-+es+ of a 304 stainless steel nozzle (test |) was not considered
conclusive, since there were many unknown parameters. However, the galling

obtained in test | was so severe that further tests did not seem warranted.

4. APPARATUS

The test apparatus (Figure I and 2) consists of anu8—1n.pipe with welded
neck flanges and wffh blind flanges bolted to each end. On one end and
on ohé side, Srin dia. air c?linders afe attached with shafts exfendfng
into the housing. vThe:nozzIe is attached to the shaft of the vertical
Cy]inder, which moves the nozzle up and down, simulating motion due to

+empera+ure and flow fluctuations in the reactor. The sleeve is attached




to the lower blind flange by means of a clevis bracket. The horizontal
;y]j?der“prqvides a hor}goPTal_load on_fhg.sleeve simulating ThQ condition
where the nozzle and slesve are wov aligred.

A Gages on the air supply times and ©n the siﬁe of the test hou§ing_
Indicate prgssdré in the air dylimders aRd press;}e vessel. The feéfA}s
hga+§d-+o reactor temperature and pressuré by six 900-watt elec?ri¢é]“band
heaters. The test housing is surroumdsd by 2-1/2-in thick insulafioﬁf
which is not shown. The imterior of the carbon stesl housing is coated

with sprayed aluminum to reduce corroesion at high temperatures.

5. TEST PROCEDURE

The following test procedure was usedAfér all tests.
If 'Thé nozzle and sieeve are Eés?ailed, and fhe %es+ is assumbled.
2) The test housing is filled with water.
35 The heaters are operated To obtain reactor condi??éns of 489 F,
600 psig.
4) The vertical cylinder is actuated. The number of cycles,

vertical cylinder pressure, and vesse!l pressure are recorded.

5)  The test is disassembled, and the nozzle and sléeve are In-
spected. q

6) Steps |, 2, 3, and 4 are rebea?ed.

7} The horizental cyliader is pressurized to place a spec;fied
horizontal lead on the sieeve.

8) The vertical cylinder is operated for -ten -cycles. The pressures

in the vertical and hor i zomta | cy!inders and in the test vessel are recorded.
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9) _ Steps 4 and 5 are repeated.
Befere tests were begun, the test housing ues.hydros+aficajij+esfee
ef'gog‘psig, cold. The approximafe'fricfiona} resistances of the peegipg
on the shaffs was'defermined in a test rum without fhe,uezzle and sleeve.
These forces were found to pe about 30 Ib for the vertical shaft and 60 Ib
for the horizontal shaft. | N
The‘pef force on the nozzle and sieeve Ebnsists of the cylinder force
due to rhe pressure in the cylinders minus'fﬁe fricfionel resisfance of;
packing on Tpe'shaffs and the outward force on the shafts exerted by the
vessel pressure. |
’SinEe the packing rings were tightened from time to time duringMThe_
hea+fng-up'period; and since The.paéking was changed several times between
tests uifhouf redetermining the frictional resisfances, the values may have
varied?frem +hose.givem A second souree of inaccuracy arose because the
, acfuaflng cyllnder pressure was difficult to read with -the pressure varylng
+hroughou+ the stroke. Since small changes In pressure preduce relaflvely
large changes in applied force, some error in determining the force requ&red
fe hove the pozzle is possible. Howeyer, since the Increase in Verfical
load resulting from galling-is large compared to the combined inaqcurac;,
which is less than 100 Ib, the inaccuracy is not significant.
Under ideal cbnuifions, the horizontal load applied in each tes#, would
.have’been ¥he same, However, due to the difficulty in controlling the

pressure to the horizontal cylinder by means of the four-way control valve,

+here were variations in horizontal loads in this series of tests.



6. RESULTS

A total of six nozzles were tested. Each t+est. is discussed in the following

paragraphs. A summary of test data is given in Table |.

Test | - 304 S+éin!ess Steel Nozzle; A test with 364 sfainless steel was
made priharily to shake—down the TesT setup. ‘NO'measuremenT of hardness,
surface finish, or diameférs werefmadé on the nozzle or sleeve. The +es+
was run at 540 psi, 477 F due to a leak.

A Wi+h‘no horizonta! load .and with 55 psi“in the vekficalAcylinder, the
nozzle moved approxima+e1yAI/8 in, which compares +9 a full sffoke'§f 1.25 in.
No further movement resulted when the pressure in the vertical cylinder was
Lnéreased to 96 psi. The>pressures‘of 55 and 96 psi corfespond to net:

downward forces of 488 and 1228'lb, respectively.

Af%er the test apparatus was cooled To room temperature, the ﬁozzle
was moved through a full stroke.by 50 To 55 psi in the vertical cylinder.
This pressure is equivaléﬁT to a net downward force of about 1000 Ib. The
nozzle was operated fhréugh;four strokes in this manner.

Severe galling was noted on both nozzle and sleeve (Figure 3) when the - '
test was disassembled. Although the test had been intended only as a test
of the test apparatus, the galling was so severe that no further test of

304 stainless steel was made.

Test 2 - 17-4PH Stainless Sfee] Nozzle. The second test was conducfed'wi+h

a nozzle made of !7-4PH stainless steel haviﬁg a hardness of BHN 404 and a

.surface finish of 20 x IO'6 in. rms. The 304 stainless steel sleeve'had
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a hardness of BHN 153 and a surface finishmqf 20 +o_32'le§-in. rms. The
diametral clearance between nozzle and sleeve was 0.014 in. ]
The first test run consisted of 50 ctycles with no horizonfal~force
and with 595 psi and 488 F in The housing. [Initially, approximately 500 Ib
m§f~v§r+ical force was required to move the nozzle. The actuating pressure
leveled off to about 45 psi with 578 p&i in the hous}ng, which yields a net
downyard force of 144 Ib. The high'iﬁiTial force required is attributable

To new packihg iﬁ the packihg gland.

When the test was disasgembled,Afhe‘nozzle and sleeve were both slightly
marred; The marring appeared to consist of scratches rather than galling in
that nommefal was picked up by either nozzle or sleeve (Figure 4).

The nozzle and‘sleeve were then tested at 620 psi, 492 F. The nozzle
was cycied.lOO times with no horizontal force. The operating force levéled
off to ébou+ 33 Ib net downward force. A_I65 Ib net horiéonfal Ioad was
applied and the net force required to move the nézzle incfeased to 482 |b
net onvfhe %hird.sfroke and to 978 Ib net on the fourth. The horizontal
load was then reddced to 70 Ib net and the operating force decréased te
592 |b net for +he'nex+ six cycles. The horizontal |oad was removed
entirely, and the nozzle was operated for ten cyclhes. The force required
to operate the nozzle decreased to 425 |b net. The increase in force re-
quired to move the nozzle, (33 to 425 Ib net), was attributed to galling.

When the test was disassembled, considerable galling of both the nozzle

and sleeve was evident (Figure 5).-




Tesf_3.f_Chfomngla+ed 394»§+ainl§ss 5+e¢l, The fhird pozzle'fesfed”was

of chrome-plated 304 stainless steel having a hardness pf approxim@fg!y
BﬂN—IZOO and a surface finish of 18 x 1078 in. rms. ‘The 304 stainless
steel sleeve had a hardness of BHN 153 with a surface finish of about

25 x 107 in. rms. The diametral clearance between nozzle and sleeve was
0.012 in. The test was conducted at 615 psi.

. The first test run consisted 6f 100 cycles without any heorizental force
apbjlgd. ‘The pressure required +o~opéré+e the vertical air cylinder quickly
leveléd“off a+‘43 psi, a.ne+ downwardlfgrce of 60 lb.}

fhe test ‘was disassembled for inééécfion. The nqizle was not marred,
and the sleeve had only minute scra+che;.

The'secondvfesf run consisted first of 50 cycles Qi+h'né héfizonfal
load during whEéh the operating force.!éveled off at 60 Ib net. A 155 Ib
net horizon+él load was then applfed.l.Qn the first §+roke, the operating

'-Iead,fncreased.fo 575 1b net doWnQard.“;Gn the secend and third s%rokes,
the requjréduforce increased to 673 |b ée* downward. -From the fourth through
tenth cycles, the horizental load was décreased to 82\ 1b met. The cor- ”
responding vertical force requirgd decreased to 60 Ib net downward, which
wasgfhé.sameifo;Ce requiréd a+ +ﬁe bégfﬁning of the Teéf.
Whén the test was<di$assembied, the nozzle was not marred but the

sleeve was badly scratched. No galling was evident (Figure 6).

Test 4 - Chrome-Plated 304=S+ainless—s+eél. The fourth nozzle tested was

chrome-plated 304-stainless-stes! having a hardness of approximately BHN 1200

and a surface finish of 16 x 1076 in. rims. ‘The 304 stainless steel sleeve
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hadla:hgrdness>of BHN lLQ_gng a surfgge finish of ZQ X IQT? in. rms. The

diametral clearance between nozzle and sleeve was 0.012 in.

The nozzle was first operated for 100 cycles with n0“9¢ﬁizon+al.lo§q:"
At a hqu;ing pressure of 570 psi, a net vertical force offZO I? was r?qgired
+0~Toye +hé nozzle. The test was.disassembled, byt neither the nozzle nor
sleeve showed any signs of wéar; |

The test was reassembled, and the nozzle was again operated with no
horizontal load for 50 cycles. The vertical force required was 20 Ib net
with a housing pressure of 600 psi. Upon the application of'é 2?@_1? qg+“
horizontal load for ten cyties, the vertical force requiredAincﬁéaségf¢9ac
960 1b net. When the horiéonfal load was;removed, the vertical’ force re-
quired decreased to 70 Ib net.

When the test was disassembled, the sleeve was severely scratched but

no galling was evident. The metal from the scratches in the sleeve was

deposited at the end of the stroke (Figure 7).

Test 5 - Chrome-Plated 304r8+ainless;5+eel. The fifth nozzle test was the
same as the fourTH éxcepf'for nezzle surface finish. This nozéle had a
surface finish of 8 x 107 in. rms. The test pressure was 615 ps}. The
nozzle was first run for 100 cycleS'wETh no horizontal lead. The net
ver+i§a| |load requireq was 20 Ib. When-the test was disaésembled, no
géllimg was evidéﬁ*i

After reassembly, the nozzle was again operated with no horizontal load

for 50 cycles with a vertical force of 20 Ib net required. When a 268 Ib
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net hgr]z@nfal load was applied, the required vertical force increased fo
930 Ib net. After the horizontal load was removed, the vertical force required

decreased to 65 Ib net.

No ga!lidy was found on either the nozzle or the sleeve after disassembly.
Severe'wear in the form of scratches were found on the sleeve, and metal from

"the scratches formed a ridge at the end of the stroke (Figure 8).

Tesf 6 - l7—§PH Sfainle§s‘S+eel. The sixth and last test was conduc+edwwi+h '

a nozzle made of | 7-4PH stainless steel. The hardness was BHN 393. The

;urface finish was 20 x 1076 in. rms. The 304 sfainlesé steel sle§v¢ ha¢ a

<

haﬁdness“ef BHN.I19 and a surféace fjﬁish of 28 x.1078 in. rms. The diamefral
clearange be+wee4 kozzle and sleeve was 0.012 to 0.014 in.
~The ‘nozzle differed from ady of the others tested in that a lInconel X
spring was mounted on the upper porfion; as it would be in the reac+or._ Al-
' fpough thé spring constant was known a+ room temperature, its rate at test
Temperafuré éould not be calculafea because it was improperly wound. However
ap-esfimé+e of its loading wés made, and:censidered in détermining.the net -
vertical load. ‘
- The nozzle was tested for 100 cycles with no horizental load. The re-
quired vertical load was D Ib net with the housing at 620 psi. The test
was disassembled, and some wear on both nozzle and sleeve Was’éylgen+. (ngure 9) o
‘The nozzle was then tested for ten cycles with 300 Ib. ne+f;%}izon+al
lead. The required net vertical load was 1108 Ib at a housiAg pressure of
540 psi. After removing the horizontal Isad, the required vertical load ‘

.decreased to 140 Ib. net. |
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o éevere'wear and galling were noted on both nozzle and ;[egyg‘affgrvfhg

test was disassembled (Figure 10). The spring had no discernible effecfadn

“the performance of -+he nozzle.
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TABULATION OF RESULTS

NOZZLE GALLING TEST.

_ B : o Net = Net .
Test Material Surface Hardness Surface Finish Vert, Horiz. Results
No. Nozzle Sleeve Nozzle Sleeve - Nozzle Sleeve load load (Fig. No.)
(BHN) - (1078 in. rms.) (Ib) (1b)
| - 304 sS 304 SS {000 0 3
144 -0 4
33 0
- o 482 |65
2 | 7-4PH 304 SS 404 153 . 20 - 20 to 32 780 165
' : ' a78 - 165
592 70 - o
425 - 0. 5
60 0
Chrome : 575 155
3 Plated Approx. , , 673 155
304 SS - 304 SS 1200 153 I8 to 25 20 to 32 575 - 82
. ' : ) . 60 0 6
Chrome 20 0
4 Plated . Approx. _ i 960 290
304 SS 304 SS 1200 119 16 - 20 70 0 7
Chrome 20" 0
5 Plated Approx. . . - 950 268
304 SS 304 SS 1200 130 8 . 20 . - 65 -0 8
: : : 20 -0 9
6 | 7-4PH 304 SS 393 - 119 20 ) 28 . 11107 300 o
: 150 - 0 10
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Figure 1. Nozzle-Galling Test Assemb ly.



Figure 2, Nozzle-galling test assembly,



Figure 3. Test | - 304 stainless stee| nozzle (left) and 304
stainless steel sleeve (right) after galling test with no hori-
zontal load. (NP Photo [8A-5, -10)

Figure 4., Test 2 - |7-4PH stainless steel nozzle (left) and 304
stainless steel sleeve (right) after galling test with no hori-
zontal load. (NP Photo I8A=7, =-9)



Figure 5. Test 2 - |7-4PH stainless steel nozzle (top) and 304
stainless steel sleeve (bottom) after galling test with 165-1b
horizontal load. (NP Photo I8A-12, =13, =15, -16)



Figure 6. Test 3 - Chrome-plated 304 stainless steel nozzle (top)
and 304 stainless steel sleeve (bottom) after galling test with 155-Ib
! horizontal load. (NP Photo IBA-18, -19, -23, -25)



Figure 7. Test 4 - Chrome-plated 304 stainless steel nozzle (top)
and 304 stainless steel sleeve (bottom) after galling test with
290~1b horizontal load. (NP Photo |8A-0-26, -28, -29)



Figure 8. Test 5 - Chrome-plated 304 stainless steel nozzle (top)
and 304 stainless stee| sleeve (bottom) after galling test with
268-1b horizontal load, (NP Photo [8A-0-33,-34,-39, -40)



Figure 9. Test 6 - |7-4PH stainless steel nozzle (top) and 304
stainless steel sleeve (bottom) after galling test with no hori-
zontal load. (NP Photo [8A-0~30, -31|, -32)



Figure 10, Test 6 - |7-4PH stainless steel nozzle (top) and 304
stainless steel sleeve (bottom) after galling test with 300-Ib
horizonta! load. (NP Photo |8A-0-35, =36, =37, -38)






