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ABSTRACT J - . 

Three helical fins were machined on fifty-one 

Incoloy 800 cladding tubps by hobbing. This aachining 

technique wa^ to eeet SNAP dimensional requirements. 

The inspection data are presented along with a suaotary 

dimensional analysis. 

A number of actual dimensions did not meet drawing 

requirements; however, a statistical analysis of the data 

showed that the hobbing operation did controi. all critical 

dimensions within print tolerances. It is concluded that 

a h i ^ yield can be achieved by improving the machine 

set-up technique and performing first piece inspection 

before machining a qusmtity of parts. 
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nie 

hobbing 

objective of 

fins on SNAP 

I. 

this test 

cladding. 

n. 

OBJECTIVE 

was to establish 

DISCUSSION 

the machining capability of 

1 

In order to provide coolant nixing within the SNAP 8 reactor core, it is 

desirable to have helical fins esachined on some of the fuel elements. An 

example of a finned element with a' thermocouple attached is shown in Figure 1-

The detailed drawing of a filmed cladding tube is shown in Figure 2. The 

technique used to machine helical fizis is hobbing. 

Fifty Incoloy 800 tubes approximately 21 inches long were machined by 

hobbing. The machining was performed by Gear Supply & Broaching Co., authorized 

by P.O. #N115007O. The starting material was . 5 ^ inch ID by .050 inch wall 

thickness. The tubing was procured on P.O. #N700803 and was irfithin the 

requireorents of ST0l60NB0037, "Ni, Fe, Cr Alloy Wrought Products." Data for 

the stairting tubing are published in Reference 3» 

III. PROCEDURE 

Each tube w&s placed on a mandrel and placed between centers of the 

hobbing machine as shown in Figure 3» *• .tube support bushing, moiinted to the 

hob cutter carriage, supported the tube. This tooling arrangement reduced 

tool chatter and assured a good surface finish* 

The ends of the tubes without fins were machined on a grinding machine. 

Machining the tube ends on this second machine produced an imdercut at the 

n"v p„fg 
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end of the fins. The undercut was exaggerated by a lack of concentricity 

between the ends and the finned section. 

Dimensions of the tubes were recorded after hobbing. Coiries of the data 

sheets are attached. The wall thickness was measured with a Tidigage. Four 

thickness readings were recorded for each of 5 positions along the length of 

the tubes. Tube length, fin length, helical pitch and fin width were measured 

with micrometers and calipers. The radius at the root of the fin and fin end 

were measured with a radius gage, and undercut at the end of the fins was . 

measured with an optic comparator. The inside diameter was meaisured with a 

trimicrometer. Surface finish was measured with a profilometer and verified 

with vistial standards of milling machine finishes. 

IV. SUMMARI OF DATA 

A summary of the dimensional data is presented in Table 1. Dimensional 

averages and corrected standard deviations are presented. Results of a com

parison of the dimensions with the drawing '-equirements are tabtilated in 

Table 2. The dimensions which do not meet the print requirements are the 

finned length, unfinned length, helical pitch, and wall thickness. A compari

son of 3 sigtna dimension values, with respect to the drawing tolerances, show 

the fin length sigma value is the only one which exceeds the specified 

tolerance requirement. 

V. ATTACHMENTS 

Attached to this report are copies of: 

1. Purchase order for hobbing. 

2. Receiving inspection data. 

3. Inspection Internal Discrepancy Report (IDR). 

k. Trip Report to Gear Supply Co. 

FORM 719-P REV. 8-69 
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TI. CONCLIISIONS 

The bobbing process will generate acceptable helical fins on the outside 

of SNAP 8 fuel elements. The three sigaa values for the dimensions are within 

the tolerance requirements shown on tb<2 drawing. Fig. 3* Some nominal dimen

sions were grossly outside the nominal requirements; therefore, the product was 

rejectable. Improvement in machine setup will eliminate these rejected 

conditions. Assurance of proper machine setup co.\ild be achieved by inspecting 

the first few parts machined at the vendor^s plant. 

V n . REFERENCES 

1. IL, E. Moody to E.J. Donovan, "Scalloped Fins," 3-19-71 

2. Lawrence E. Doyle, "Manufacturing Processes and Materials for Engineers" 

3. T.D. Williams, "Receiving Inspection Incoloy 800 Fuel Cladding," >22-71 

rCC'.' 71f~P r.F.V. 8-69 



TABLE 1 

SUMMARY OF DIMENSIONAL DATA 

Item 

Overall Length 

Unfinned Area Length 

Finned Area Length 

ID (5A" from End l) 

ID (yA" from End l) 

ID (3)4" from End 2) 

ID (3A" from End 2) 

Fin Vidth 

TIR 

Pitch 

Undercut 

X 

20.999 

1.955 

16.52*1 

.5595 

.539^ 

.539'* 

.5391 

.07^ 

.003 

5.587 

.0017 

S 

.0057 

.0073 

.Olit 

.0001'* 

.0001 

.0001 

.0001 

.0009 

.0015 

.0013 

.0007 

3 Sigma 

.017 

.022 

.0'+2 

.0001+2 

.0003 

.0003 

.0003 

.0027 

.00̂ *5 

.0039 

.0021 

Actual 

20.999 * .017 

1.955 * .022 

I6.52lf ± .042 

.5395 * .OOOlf 

.5391^ ± ,0003 

.539'* ± .0003 

.5391 ± .0003 

.07'* ± .003 

.003 ± .00lf5 

5.587 i .OÔ t 

.0017 ± .002 

Specification 
Requirement 

21.00 ± .030 

2.00 * .030 

16.50 ± .030 

.5'fO ± .001 

.540 i .001 

.5^ 4 .001 

.5^ t .001 

.070 ± .010 

.012 Max.* 

5.50 i .030 

.001 M«x.» 

• Specification STOII5NAOOI9 
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TABI£ 2 

CGMPARISGN OF DIMENSIONS 

TO SPECIFICAglQN REQUIREMENTS* 

Item 

Overall Length 

Unfinned Area Length 

Finned Area Length 

Pitch Length 

End of Fin Radius 

ID 

Fji Width 

Fin Radius (Fillet) 

Wall Thickness 

TIH 

Undercut 

jftsBber 
Accepted 

10 

0 

8 
0 

10 

10 

10 

10 

0 

10 

10 

Ifukber 
Rejected 

0 

10 

2 

10 

0 

0 

0 

0 

10 

0 

0 

• Sample of 10 pes 
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Oi î V/ 

:?E5^ 
"pzzr^ 
G/^?/ 
X^^TTT^ 

<PJ^'9/ 

^y 

' i.^i.1 

TTm 
~^W1 
Mh'/ 

in^TV 

oo'r 
"?^ 

'"<'-•• '' (, 

isw^ni 
"'TFirm: 
IW^TV 
JOO'/V 
ooQ'/C 
OQO'IX 

OO'/Z 

-3-^7^ 

-^/^ 

72^7^ 
"FoT^ 
roT^ 
7*<5/V 
7o7r7 
ooh/ 

s\ 

•//?y/v/y 

Ill •••••II IH*—^ ^ 

n-ii/cn 

Ox 

...... I 
,'••.' ..."i. [ 

31 . " f • 
r -,.-••»i-- '•—•••— J • ' 

^^ "-w-** •fwfy*" ^•ff*' ^: 



M^m ^£20' . 
I *xw •HTrrr-,. .. 

I •9AV /,/,?<;.• . .... 

, *XViAi ^^/;<r'c?' .". . 

? -i 

^-y-^vo ^ ^« s^. y rt'j^ •'.»» ii**««W»* 

frf^T-'-'- •\n^y NE^/' *•••• vE^l/ • 

,..„ '.'"....'. .*!,1.1...., ..,_ ..„'.'..J.....L, ....... L.uLl-'-.-^.-.'.....'.-..'-.i-':--

"H./< 'b^Zo* ... ^^ ^ ^^ ^ 

•©AV ^/ 

( 

•^Vf^ 

Kvvx^W^:^^! .0.. 
"^ - • ^ 

v^/ -1 %&• 

J ^"l L 

*0N 

"XX 

5" irf3 IV3 c/o^i/^W^T^WNWrrfUTTTUjA .«»<'-"V'^ f *•••< »•;« " -"WiflM >-* 
*-'-Vt'.p^^».THi«Hi«vri-,-.n»-»i"w™jrt-, *'«'*i^-e^--rvP?%^i!B'M'?t»*^^^'w*<!W'*('i'^^ f*!SS^^l^fi 'tip^-fVi^^^^-x. «-y 



mmm 

i 

'^m. j,^^.o-., 

'0 .-hOi-J 

•MiiAi" •iv>:c:. . ..., . 

.0.: 

•• 

.• • 

1 

' ( • ' 

^ t 

.. . 

-J.! 

». « -

;o -i^j-.j 

9-p "WT^ 

»*»hT»*»»f%PW#-:*^i*<!^"%'T*'*^-^-'^ i-^yTTW- » 9J-//3CV3c/oS'yJW'^TW(7FJ7/tL 11 ujw 
..(,.1. ,•>,...».,fiimw,.^gnni)ju^iw'j8ftw''g'^)»^"»'*'*''''''"'s^-'vt«'^yl'^^''»Aw^)p!l^gwwww » 



^ <» w«w,'*j..«,1* ^'wi»-*'*ai;<;j«a^t*»«iWaf.*^4''^»^^ ^ ~ > J ^ ^ « 5 J : ^ ^ 

Atomics Intema^onal NO. . Ta-65>-2»»o-oô  
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WALL THICKNESS 

SKAP 8 TUBES 

Tube 
No. 

100 

101 

102 

103 
lO** 

105 
106 

107 

103 

109 

Av^ (X) 

End 

1 

.03^1 

.03^2 

.03^2 

.03^ 

.0339 

.03'H 

.03*̂ 5 

.03^3 

.03^3 

.03^ 

.03̂ +2 

Hobbed Section 

X 

.03^3 

.0336 

.03^ 

.03'H 

.03M» 

.03»»2 

.03Mt 

.03̂ *2 

.03^7 

.05H3 

.03'+2 

I 

.03^ 

.033^ 

.03'K) 

.03'H 

.03^5 

.03'H 

.03^3 

.03^ 

.03^5 

.03Mf 

.03̂ *2 

X 

.03W 

.0335 

.03̂ 2 

.03'f2 

.03^2 

.03^2 

.03^3 

.03Mf 

.03^5 

.03Mt 

.03^3 

End 
X 

.03^3 

.03^1 

.03'»2 

.03'n 

.03'n 

.03^3 

.03^3 

.03^2 

.03'rt) 

.03^2 

.03^2 
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T r i p Report t o Gear Supply and Ulhr.~30iiic Dictr icuwinc Co. 

A p r i l 28» 1971, l i a i t : !o3ssler and r .yceir -3 s i t e d t h e eubjact cc=patiy 
t o d i s e a s e t h o CNAP f i u cladc.ii:.3 .rarlc- Our con':act£ \.'ich Gear Supply-
were Jack San to re and Eoy JecldLiis. 

Gaar Supply C-o. hiis ccsp lo tod hobb in j 50 Incoloy c l a i d i n s t«il::.s. which 
vrc wsro c b l e t o cxaaJne- The svirface f i n i e h for t h e s e tubes appears 
e : : ca l l ea t aad t h e c i n s n s i o n s c.ppoar t o be ' .d th in e p s c i f i c a v i o n . ^he 
tube \.-all t ; . i cknees i s ruriT/Jnc approxirriv e ly .03^} i n c h . O-or « a l l 
thicicrr"::sE sjecrvficai-ion rccitixf-conr i s .03-2 + *002, - .ODO i n c h . Us 
c-easurcd t h e p i t c h os. s e v e r a l •••t" vlxc- c l adc ing t u b e s , i t s p i t c h i s 
r v n n i " 3 z. l i L t l e c u t of r.p::c. '-xiat. i s , t ho p i t c h sp ' -c . roqiircr-oii t i s 
5-50 - . 0 ^ inch and t h e tube p i t c h i s runnjjus approxi iratcly 5*3 inches . 
Vs'e roint-cd r h i s c\;t --o T'o:/ Jorltir.3 arsd l-O z^ csd t h s p i t c h was a l.-i.ttle 
heavy. I t o l d Hoy that , fo r Ihcc? p a r i J - c ^ r r ty'r.c-a- vo v."uid prob-ibly 
accep"-:: t he ou"- of spec condxt ion . l u t tho hydrau l i c ^est rods rad t o 
c r o t t h ? ep.;:;irfcalo.on p ivch . 1 r.::plc?^c«I •'Jie n c c i for pi^ch c.-»r.'i*ol 
on t h e Itydk-'aulic ir^sU rotLs v<iS b<ioavsG o£ • hs cT^cct i ' ; Imd oa ih3 Clcy 
c h a r a c t e r i s t i c s -

Thoy awCJipieJ t o :2echir:c •̂ 'h^ cnf-c; of o ro wcuv-plo r.'.''": vX'Ai ih^ hcbhr.nj^ 
t o o l Dn orde r iro ach ieve h^ r c v j i i c d f i n rclr ' .er . E'i!:i.r. racliiiiv.";^ ' .as 
Cono usir-^ i?:;e hob YGOI r o 0.1 f-nv* c•:̂ ••" 03" s;;:jc'..rc;ii"-ec'cn. '.'he r u r ' a c c 
f i n i s h c iu s sd by t h i s vcchiiicuc \:t\L. o:,',rc_v'l:; i-ou'-h aan otu .ccc- 'able-
\/e die. not Er.n t h i s y^r I-• •.• ^ u r p. r i h c:?.r,c i t 1-̂ d Vc-cu . ^..or'--',fi by 
rjrir.Tr.r;. 7'c appoars .TV'- t i :'.r. rr.-..- '-•uc''-:Jr:lr;c; ^^c^ :̂•..•l̂ :c ."or ' h e ends 
i s Tmacccplablo. 

Ci'rr. ' .ntly, Cs-vr ^upp3y " c . ."3 s-' •.«"•:'• z " up Lhcir "'.ob .""̂ -.l ^nc <or •bo 
e i i ro la ted .fuel rods i o r hydrau l i c t e s c i n g . I^cse lodi; ' . : i l l oo s i r^ i ia r 
i n conficjiiration and d i a o c t c r t o Ihe !::ost r e c e n t dcsitpi o ' tho xnol 
o1.cZ':^':-. 'iV.'.'ici'c-rc, vl'.c ./-ic": .;•>_ sr"; ::'> U"r.d for Ih-r.:; h--l_*o •Lur:'-. rai'js 
fho-'.lu bo ijrp.licr^hj-2 for .vi vi*'? cl-'cC ii.-;; rv-'jcnc 

In conjl-.JT.r.on. i'c r.s f.y ore '.-J-- Ih. ' t '.hl.-^ f.3 a "Ci-/ ' :.\ :x' -rr:-^ y'-.c-j.'. 
t h c p . I b t i I'-ozca'-lz.-- ar-rc:^c v,v } l \ . ' a ro:-•:.;'r_op.- '. - '••o','^: :r: o;!-:ia''."'.:• 
a r c a c c c p m r l o , bn-̂  I i :'• •; cjpr - . - • ^'''"n r_ y : :.,• ]-,-.j . - o : r/ 'ool^. =i •'U 
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