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Washington, DC 20555

Subject: Standby Diesel Genera‘*urs at
Nuclear Power Plants

Reference: Mr. T. M. Novak's Letter of December 1, 1983
Dear Mr. Novak:

The Users' Group gave us a copy of the three-page list of nine questions

at the November 30, 1983 meeting. This is the same 1ist sent to us on
November 29, 1983 by your Mr. R. Caruso. We are today sending the Users'
Group answers to the nine questions. Since the content of the nine
questions is essentially the same as the 1ist submitted by the referenced
letter, we are sending you a copy of our answers to the nine questions asked
by the Users' Group.

We trust that these nine answers are responsive to the list submitted by
the referenced letter. However, if there are any additional questions,
please don't hesitate to call. We intend to cooperate fully with the NRC
and the Users' Group to answer all your questions.

Very truly yours,
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C. S. Mathexs
Vice President and General Manager
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NRC_QUESTIONS

Describe the history and evolution of crankshaft design of DSR-48
diesel generators.

The DSR-48 diesel engine crankshaft was developed from the DSR-38
engine which has been in production since the early fifties.

The DSR-38 was developed from the "Q" er-ine which was in production
since the thirties. The "Q" engine had a 10" diameter crankpin and
11" diameter wmain jJournal and was rated at 268,327 and 360 rpm. The
R-8 ergine started with an 11" diameter crankpin and 11" diameter
sain jJournal (11" x 11*) and changed tc 11" x 13" and 12° x 13"
during the course of evolution, from 390 rpm originally to 327, 369,
373, A0Q, 425 and 450 rpm. The first DSR-48 engine was built and
shipped in 1965. It was rated for 42302 RPM operation. The first 450
RPM DER-48 engines were built in 1975,

Q #2ta) - What prompted you %o change the size of the crankpin after the
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Shoreham engines were built?

TDI changed the crankpin diamet2r to achieve higher torsional
stiffness. This change to tho engine was made to give broader
capabilities as a driver for different applications, such As pump ard
marine drivers. Further, the change is a part of the evolutionary
process. For' example the crinkpin of the "RV" had been changed from
12" to 13" the previous year for tha same reasons and not because of
a proplem with the 12" pin shaft.

When was the decision made to change the crankpin size?

The drawing for the 12" crankpin crankshaft no., 93-310-25~D was
dated 2/4/73. '

Why was the crankpin fillet geowetry changed?

The “RV" crankshafts have a 3/4" fillet. When the change was made to
the crankpin diameter of the "R" engine, TDI made the fillet radius
change to again commonality in design between the R-48 and *RV*, The
commonality is desirable from a2 manufacturing standpoint.

When was LILCO informed of the change in crankpin size?

Jamediately following the crankshaft failure at LILCO.The reguiresent
for a quick supply of new crankshafts dictated the 12" diameter pin
shaft be supplied because it was the only shaft immediately
available,

What is the TDI wechanism for infarming its customers of problems of

product improvements? Does TDI use a techuical nformation letter
approach or its equivalent?
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The TD! mechanism for inforsing it's customsers of problems or product
imp rovements is the Service Information Memo (SIM) program.

The SIM is to a Technical Inforuation Letter with the additional
advantage of an index systma, which allows the collected SIMs to form
a fourth volume of the Instruction Manuals.

Additionally, TDI irforws nuclear plant customers of "potential
defects” as required by Federal Law 10 CFR 21.

84 & - In its report on the crankshaft failure, LILCO's conmsultant noted that
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the forcing function used by TRI in its torional analysis changed
significantly between 13975 and 1983.

The torsional analysis for LILCO vsed the forcing functions which were
in the TDI computer program data base in 1974. We made two changes to
the forcing functic s values in 1973, The second change macde in 1975
was used until 1977. In 1977, we made minor rofxnononts to the forcing
functions and these remain in use today.

#4(b) - Why did this change occur?

#4(2) - The analytical results from the torsional analysis are verified by

84 (¢!

84 (o)

*4 (d)

84 (d)

torsiograph tests. Since the intention of the »smalysis is to
accurately predict the natural frequencies and stress levels of the
diesel generator system, irput data to the computor program is
&djusted, so that the calculations result in agreement with the test
results. The hanres toc the forcing functions are steps taken to
smatch calculates or predicted values with those obtained from tests.
Our current forcing functions predict slightly higher stress levels
than seasured.

What effect does this chagne have on any other componevts of DSR-48
engines”?

Mone. The changes to the forcing functions were made to get the
computor &ssisted computation to accurately predict the actunl
behavior of the engine generator shaft sass elastic system.

- What forcing functions were used in the design of othar YOI engines

(sucihr as the DSRV-16-4s) in nuclear servica?

- The following tabulation shows what forcing function groups were used

for all the TDI engines for nuclear service.



CONTRACT CONTRACT TORS IONAL HARMONIC
NUMBER NAME REPORT COEFFICIENT
—RATE SROUP
74010 LILCO 7/18/74 1
73841 s.C.E. 6/27/73 1
750053 - KUOSHENG A/25/73 i
74046 cPaL 1973 2
74033 MmP L 9/13/73 3
75017 DUKE-CATRBA 3
75851 C.E. 1. 7/9/76 3
75084 WPPSS 8/16/76 3
75089 TVR-BELLEFONTE 4/27/7% 3
76001 T.U.8. I. 1/5/7¢ 3
7781 CONSUMERS 4/26/77 3
74039 GULF STRTES S/3/77 3
T7824 TVR-ETRIDE 8/16/77 -
76821 GEORGIA PWR. 8/1/78 4
78006 MAANSHAN 6/22/78 - >
81015 S. M. U.D. 9/10/81 “
HARMONIC COEFFICIENT EROUP 1 1974 TO 1973
HARMONIC COEFFICIENT GROU® e 1973
HARMONIC COEFFICIENT GROUM 3 1975 10 1977
HARMCGNIC COEFFICIENT GROUP 4 1977 TO CURRENT

HARMONIC COEFFICIENT LISTIING

I3 o K 77=

cPsl AP &L . __STRIDE

GROUP 2 GROUP 3 SROUP 4

PERIOD =18
LISTING FROM LILCO
HORMONIC GROLP 1

.s xtl“
‘ alu
1.5 19. 20
2 26,06
2.s éo. 20
3 - 19.97
3.5 16. 70
- 13.3¢
45 9.85
S 7.3
S.S S. 65
6 4.18
6.5 3.29
7 2.66
7.5 2.23
8 1.87

990. 88 97. 0@ 152.43
89.78 34, 34 94,21
94, 88 106. 79 129.21
45.43 42.33 42.61
62. 38 63.61 71.51
14,84 16.37 16.52
38.91 48.61 ae.
29.04 30.25 a7.62
12. 48 12.73 12.72
9.21 2.3 9.38
7.01 7. 14 7. 14
5.55 S.68 .68
4.3 4. 49 A 45
3.69 3.69 3.58
2.98 3.83 3.4

2. 46 a.3 232




1.61 2.29 2.26
1. 42 1.9 1.97
1.25 1.350 1.33
1. 11 1.23 1.27
1.9 1.13 1. 14
.91 1.01 1.8
.82 . 88 .89
74 .78 79

Have these forcing functions changed?
The currerit Tn values have been in use since 1977.

Please describe the development of the forcing functioms for each TDI
diesel in nuclear service.

The forcing functions are derived from Fourier analysis of the torgue
vs crank angle diagram for ore cylinder. Thesa forcing functions are
subsequently adjusted to correlate the arelytical results with test
results as already noted.

Since all the TDI engines for nuclear service are rated at 225 bmep
and 450 rpm, (except fcr S.C.E.) which has a lower rated RV-is-4, the
forcing functions are similar.

What does TDI view as the reason for the Shoreham crankshaft
failure?

Site operating stresses approximately equal to the endurance lisit
caused high cycle (18. 26 to 18. @7) fatigue failure of the
crankshafs,

What conclusions has TDI drasn from the LILCO failure report?

The operating stresses in the 11 x 13 cranksaft were sssentially
aquivalent to the endurance strength and results in high cycle (10 E
% to 10 E @7) fatigue failure. The failure is effectively an
unfortunate endurance limit test. Even a small reduction in stress
(perhaps only 2 or 3 percent) would have resulted in unlimited life.

Since the 12" x 13" crankshaft is subjected to significantly reduced
stresses it will result unquestionably in a shaft that will give
unlimited life. In these satters we are in complete agreement witn
the LILCO/Failure Analysis Associates report. However, wz do not feel
that the FaRR analytical analysis, particularly the finite slewent
sodel (Sec. 6 of report) is necessarily satisfactory. It fails to
predict the actual state of stress seasured by Stone & Webster (Sec.
4) and it fails to satisfactorily predict the crack location and
direction. The crankshaft stress analysis is inedequate and therefore
does not fully explain the reason for failure.

TDI is currently engaged in its own stress anaiysis program, which is
expected to yield a wmore accurate analytical wodel and a clear
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understanding of the stresses which caused the failure. -

What actions has TDI taken or does TDI plan to take for Shoreham and
other plants as a result of the Shorehas crankshaft failure?

TDI plans to continue its investigation into the reason(s) for the
Shoreham crankshaft failure in accordance with the outline given in
the discussion presented by Mr. GBreg Beshouri (attached). The results
of these investigations will De published at the appropriate time and
made available to all interested parties.

Does TDI plan to prepare a report of its own regarding the Shorehaa
crankshaft failure?

TDI will develop a formal report containing it's views on the reasons
for the failures. Much of the report will b2 developed using
understandings gained from the RED studies cutlined above.

Describe how TDI design caliculations are reviewed and independently
ver _fied?

Calculations performed by design engineers are reviewed, signed and
dated by the Manager of Design Engineering.

Designs which rely on calculations in which assusptions cannot be
verified are subject to experimental testing by the Research and
Development group. In some instances the Manager of Applied Mechanics
will also review the result. Some components are subjected to testing
on a shaker table, if practical.

What detailed stress .nalysis of the crank web and pin were
performed?

Mo detailed analysis were done on the crankshaft other than the
crankshaft was designed to American Bureau of Shipping Rules, as
detailed in the attached excerpt from the rule book. TDI has
successfully used such rules as a design standard for 4S5 years. The
R-48 crankshaft was developed from the "2" engine with 10" x 11% (j@"
diameter crankpin and 11" giameter wmain journal) to the first "R"
engines with 11" x 11" crankshafts then 11" x 13" to the current 12"
x 13" configuration.

Could the problem with the crankshaft have been detected during

initial torsiograph testing at the factory?

No. The total vibratory amplitud? measured was only + or - .5@ deg.
which equates to a stress of S314 psi. The portion attributed to the
fourth order was + or - .43 deg. or 4579 psi, well within the 5000
ps1 allowed by DEMA for single order contribution. (Tha stress
required to break the crarkshaft _as wsore on the order of + or - 32
to 35 ksi.)



@ #8ta) (1) ~LILCO has also identified problems with failures of the diesel
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engine connecting rod bearings. We understand that they have provided
you with a copy of their initial report on tie subject. (a) What does
TDI view as the reason for the Shoreham bearings failure?

Four of the forty bearing shells were reported to be cracked, only
one of which had a significant crack through the sage of the top
shell, The small piece 4-7/16" long and 11/16" wide at the thickest
point was jJacked apart from the sain body of the bearing shell for
study. None of these shells Hhad failed to the extent that the
clearances were opened up nor did any of the shells result in dasage
to the crankpin. A photo- micrograph of this broken bearing showed
porosity ranging from ©.91 to 0.23 in diameter. In addition, the
material was found to be below standard for elongation. Ar
examination of the fracture surface with scanning electron microscopy
identified some of these voids as the apparent crack initiation
locations. In compression the porosity would not pose 3 problem.
However, the overhung bearing ar-angement resulting from a 1/4°
chanfer on the connecting rod as shown in Figure 1.1 (attached) in
conjunction wich the normal yawing of the crankshaft, put the I.D. of
the bearing into tension. The surface porosity acted as stress
intensifiers and with the poor material elongation characteristics,
initiated a crack. This was clearly a material rather than design
problem as evidenced by the fact that wore than 399 cylincers of this
connecting rod arrangement are in operaticon, many of which have
operated for more than 25,000 hours without bearing probless.

What action has TDI taken to ensure that new bearing will mot fail in
a similar fashion?

In regard to LILCO and other R-48 engines installed in esergency
standby service, t“e crankshaft is fitted with a connecting rod which
has a smaller 1/16%, chamfer on the edges. Figure 1.2 (attached)
shows the Dbearing is fully supported. Even though there may be some
porosity in the bearing shell waterial, the shell is in comprossion
and therefore minor porosity would not be detrimsental.

Chemical and physical properites of casting lots or heats are tested
to verify compliance with requirements. In addition, TDI does a
visual inspection for porosity of each shell during sanufacture.

What other T1DI engines in nuclear service use similar bearing
material?

All of the nuclear and comwercial engines which TDI sanufactures
contain bearings using identical B-8350-T3 bearing saterial. This
material 1s a 6% ¢tin content aluminue alloy. We purchase castings
from Aluminum Company of Rserica ang perform all sachining and
plating operations at the Dakland facility.

What action has TDI taken for other engines to preclude their failure
in a similar fashion?
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R #8(d) = The bearings in all other engines in nuclear service have
cornecting rod and bearing arrangiments shown in Figure 1.2 and 1.3
(attached)., Each provides full support for the bearing shell. The
baaring shell is in compression, both from crush ang operating
forces, with no portion of tha shell in tersion. Therefore, if
bearing material contains winor porosity, as all castings do, the
loads present will not act with the stress intersifiers and result in
cracks.

What controls has TDI provided on bearing material in the past?

The purchase order for bearing saterial has required the supplier to
furnish & Certified Material Test Report (CMTR). This was a
requirement in 1974 and still is. The C¥TR is reviewed for compliance
to the material requirements. Rl]l bearings are inspected visually for
porosity during the manufacturing process.

How did and does TDI ensure that bearing wsaterial weeets its
specifications?

In 1975 7TDI initiated it's own Dearing saterial sample testing
program to check checmical and Physical properties against
specification and the CMTR supplied by the vendor. This program
remains TDI's standard practice.

What other experience has TDI had with connecting rod bearing
failures, of any kind, in any muclear or nornuclear installations?

TDI customers have encountered occasional babbitt fatigue. 1% has the
appearance of small worm holes in the surface of the babbitt. In
addition several wusers have suffered the results of faulty
reinstallation, dirt ingestion and abuse which have resulted in
bearing failure.

What procedures does TDI use to ensure that bearings and journals are
properly designed and sanufactured?

TDI has been designing , developing and building enginet zice before
1938. The interveniny years have provided conciderable experience and
krowledge regarding what constitutes a properly designed crankshaft
Journal and wmating bearing, such as L/D ratin, surface finish,
babbitt thickrness, etc. In addition, we work closely with the bearing
saterial vendors regarding the bearing design. RAll of this
information culmanates in a design that is translated into detail
drawings for manufacturirg. The QR department ensures c-nforsarce to
the drawing requiresents through TDI's 128CFRSQB progras. The bearing
material vendor provides Certified Material Test Reports (OMTR's) for
sach casting heat which are review for conformance to the drawing
requirements and are verified by TDI's own Chesmical § Physical test
for sach casting heat.

Describe any problees you or any of your customers have encountered
with the use or manufacture of aluminum bearings with babbitt
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overlays.

Users have occasionally encountered babbit fatigue in the bearing
overlay. This may occur if the tin content in the babbitt is too low,
resulting in a weaker babbit. The composition of the babbitt is
monitored quite closely. TDI has initiated a chang2 in the babbitt
composition to further improve the fatigue resistance. This calls for
the inclusion of 2.75 = 3% copper in the S.A.E. - 19 babbitt. With
the TDI bearing design, babbitt fatigue or even complete babbit
overlay loss does not result in any sort of catastrophic bearing
failure that might cause the engine to stop functioning properly. TDI
has also occasionally encountered porosity and low elongation
characteristics in the aluminum castings used to manufacture the
bearing shalls.

LILCO as also identified problems with cracks in almost all of the
pi=%tun skirts at Shorehas.

This statement is incorrect. There has bean only one piston at LILCO

which has been identified as having a crack. The examinations being
conducted at tne site® are using an “edcy current® inspection process
which TDPI and it's Metallurgy Consultant considers not suitable for
examination of cast nodular iron surfaces. This eddy current process
has predicted linear indications in the piston skirts which in most
cases may be nothing more than the grain boundaries within the
nodular iron structure.

Describe the stress analysis and testing that has been done by TDI in
the development of type AF, AN and RE pistons.

AF, AN, and RE pistons have been subjected to many experimental test
programs to reveal the patterns of stress and temperature existing in
the assembly. The tests included studies of thermal distortion,
effects of comhbustion pressure and inertia forces. Finite element
analysis (FEM) was attempted on a crown, however the technique proved
to be less than adequate.

Piston assemblies of the AN and RE type were successfully run fo~ 687
hours in the experimental RS-VI2 engine at S14 rpm and a power level
of 937 BHP per cylinder to support the results of the static and
analytical studies. Nuclear standby generator diesels are rated at
450 rpm and 629 BHP per cylinder. Therefore the test work subjected
the pistons to considerably higher operating stresses than the
pistons used in any standby engine.

Has TDI or any of its customers encountered similar or different
probless with piston cracking?

The crack reported by LI is the first such crack identified and
reported on the wmwodifi "AF" style piston skirt which has been
manufactured in accordance with design requirements. There are 232
wodified "AF" piston shirts operating, which have accumulated in
excess of 1,772,228 hours of successful operation.



Q #39(2)

A ()

Q@ ()

A #3(d)

The "AN" style piston has experienced several field failures, which
have been attributed to high residual stresses not removed by a
stress relief process. There have been no reported failures of the
"AN* style piston which have been stress relieved and properly
wachined. There are 1374 “AN" style pistons opeataing which have
accumulated in excess of 2,76@,90Q hours of successful operation.

The "AE" style piston is the latest TDI R-4 piston design and
incorporates prior R—4 design and operating experience and new design
knowledge we have gained through our R-5 engine test program. The
"RAE* piston desijn has beon successfully tested in our R-5 test
engine at 514 rpm and 302 BMEP and has acquired in excess of 7029
operating hours in a 16 cylinder 700Q %w engine in the field.

Has TDI modified its piston skirt design to improve stress levels in
the area of the bolt holes?

As part of a continuing progras of product perforsance and
reliability improvements, TDI has mocified the piston skirt design to
improve stress distribution in the area of the fastener holes and in
the circumferential mid rib blend to the wrist pin boss.

iiow and when were these msodifications made?

Primarily as a result of the studies referred to in the answer to
question Sa, TDI concluded that a wore massive boss around the
bolthole would better diffuse forces to the piston pin area.
Calculations also verified that the protection afforded the fasteners
against cyclic loading could be achieved with only 13 belleville
was ers instead of the original 26 washers.

On August 10, 1982, piston skirt ©2-341-84-AE was released for
production. It required that a change be made to the corebox in which
the mold for the piston skirt interior is formed. This change
provided the more massive bosses around the boltholes and precluded
the manufacture of earlier designs.



_CRANKE-ATT STRESS ANALYSIS_PROGRAM .

Grej Beshouri, Researcn Engineer

ALTEURJETA0N

dith tne failure of the 11" x 13" cranksnafts in tne LILCO DSR-48 (S/N
74210/.2)erngine, TDI initiated a stress analysis program (including physical
testing anc analytical moceling) witn tnhe oojective of determining the stresses
arc  their sources in an 8 tnrow 11" x 132" cranxshaft in orcer to i1dentify the
actual causes of tne failure of tne LILCD snafts. In acdition, this program 1s
interncec tc orovice a more sophisticated input for future crankshaft stress
aralysis onc cesign.
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“ricr to tne anitiation of pnysical testing, an *xtensive review of tne
évil.azie literature was concuctec. From this review we ceterminec, as
r.zectec, that a cranxsnaft in service is sudjected to a comolex, Uynamic state
wf consines strecses. The ey to successful stress analysis 1S an understancing
“T  tee source of each stresc component and now these incividual components acd

- the combinec stress state. The literature indicated the necessity of
cain gaze tecting. The <ftechnical pacers also were a yood source of
firmaticr. on what other researchere had usec in regarc to gace tvpe, length

;
2L lesAtion
S2recal “oysicel T3t

Re roted, tne literature review confirmed tne need for strain gage
Tgciirg. Rt the D2egirmaing of ocur investigation, Store and Webster (LILCO
Coriultanti) nac alreacy comnitted Snemseives to concucting dynamic strain gage
tes.:rz,a 2aih feiv %o bte very Jifficuit to follow because of tne myriad of
inziriner.ation  Srodlems associates with frecuency wocdulated (FM) telemetry (a
meit o ¢f trarzuitting strain information via racio waves from the operating
C oarmxsnafil), Therefore, we eiactec tc oerform static strain gage testing on an
dvei.au.€ engirne at our faciiity 1in the hooe it wouid compiement the Siw
s naias vesting.,  Tois  static tesiing was desigred to provice information
rccessaery to interargt arc verify the feasidility of the cynamic test cata.

T2 testing was cone on a TUI Researcn and Deveiopment engine with a 11" «x
2" cranughaft., The cranxshaft is similar to but not icgentical to tne 11" x 13"
shaft whien failed at JILCO. Te cranxkshaft of tnis unit was staticaily iocaced
T simulate cynamic forces in tne Sth through 8th throw of an R-48 engine rated
et 22T 231 BYEP at 450 RPr.

“he cranksnaft loacs from gas oressure (less inertia), torcue transmission
273 torsiona’ viodration were first simulatec incepencently. Thev were then
LLIel in severa. cifferent comdinations to ceterrine tne resulting stress. “rom
18 Caté & gereral sclutior was obtainec by which 1t 1s possible to orecict
-wmes cran<anaft strasc for any comoination of operding and torsionai




Jest fBazaratus .

The crankshaft was subjectec to torgue in such a manrer as to simulate
tirsicnal streszes fron trancanitted torque and from torsional vibration, anc to
ber.ng forces simulating gas pressure (less inertia).

The necessary torque was gersrated by fitting cyiinders No. 2 & 6
cleararnce voliumes witn spacers and J-ring seals (see Figures 1 & 2), and tnhen
arecsurirg them wit.: o1l with the two pistons located at 249 cag. and 1c@ deg.
ATOC respaciively.

Similar:ly, bending force was generatec by sealing and pressurizing
oy.incer Mo, 3 with the piztaon at TDC and 19 cegrees and 20 ATDC.

Si.858 Yessurenernts

The stresse. generatec by torgque and Dberding forces were measured by
‘ecistance tyze  strain gages located on tne No. 3 crankpin fillet and on tne
crancdin ‘see Figures 3 & 4). Rosettes E througn E locatec in tne fillets
szacures maximum €irains anc thEir princip.e cirection. Rosettes R & F measurec
Toreion ard hencing on the surfacze of tne free part of tne pin. Comparisen of A
¢ 7 (free part of trne pin) with B torough E (fillet), yieics t*  “ress
corzeni-ation 2ffect of the cranvoin-fillej-wed configurations.

Tosette n (only outer two gaces usec) located on the cyiindrical surface of tne
oo T omain journal verifiec the actual torgue inducec in tne system.

ALl rosettec were rectanzular three gaze tyze of 0.125" (3 mm) effective
-engin, marnufactured by Micro-“easurements (P/N CER-26-12SUR-129).

255 _Sscuence
Fure torsion was first simulitec by aressuring cylinders 2 & € only in 39
ol increrents from @ to 1200 psi yielcing torgues up to &, 369,292 1im. lDf.

Jure 2emcuirg at TDC was then simulatec Dy sressuring cylinder No. 3 only,
i, 422 zg. increrents from @ to 16QQ2 ps:, representirg a maximum peak firing
JresZure un exc2zs of I1SQJ psi, (Nate tnat the primary and seconcary inertia
forces of ¢the 1iten anc connecting rod assembiy oppose tne firing oressures
arc "ave tog ecuivalient effect of lowering the firing pressures ty 377 os1 wnen
cosating at 450 rpm.

Ther, 02y oressuring cylinders 2, 3 and 6 acorooriately, comdbineg torsion
#rd Deénc.rg representing the actual stress state was simulatec.

T2 sure bencing anc comoined bencing anc torsion tests were receated witn
sylinzer No. 3 piston locatec at 12 anc C? eguivalent cegrees ATDC.

arma Ay e

alieBeceOnina

The strain age cata were reguced to maximum and minimum princioie
coireccel ant orancipie directiors,



From benmcing load and torque cata, general mathematical expressions were
cerivec for noninal stresses in the free part of the pin due to bencing loads
ard torgue. In adcition, stress concentration factors were calculateo for
various fillet locations.

From tne cowbined stress cata, a general analytical technigue (using
¥oar's circle) for calculating comdined stress cue to a given bending load and
tirgue was gererated. It was then confirmed that tnis technigue could be
&ppls in reverse, 1.e., given a certain combined stress state, the bending
leac and torque creating this stress could be calculated.

Us:ng %this technigque the dyramic stress data taken by Stone & Weoster on
Jnit @1, DI S/N 74011, at LILCO were tnen broken oown into components of
cynain.C 2dending loacd anc cynamic torcue creating tne stress, resulting in a
tlear uncercstancding of tne dynamic state of stress comaonents. had the static
testing not bSeen congucted, it wouil not have been possibie to satisfactorily
fecioner tne dynamic stress data takern by Séw.
aszSaanE 030638y

tccause of the “ailure of tne LILCU cranusnafts and a requirement to
C.eer.y ungerstanc tha reasons for the failure and civen tne success to date of
tne severa. nwethocs of cranesnaft stresc analysis aocplied to the 11“ x 13*

chat, we have committec curselves to an on-going cranwshaft stress analysis
STwgrrdn,

TUis program will proceec in twe comalimentary directions, anaiytical and
gageriuental (Fig. 9).

Firat, ®tat.ic tests will 22 conductec on ail cranxsnaft configurations to
c=ierving stress concentration factors in torsion anc bencing. Concurrently, a
Lyndm.c  mwecel wnich precicts torque and dencing loac will be gereratec. The
€2 ¢ss  concentration factors and dynamic bending loac and torque calculations
will <"ner corovice arput for a second mocel wnich will calculate cranwshaft
ciress vs ~rarnrangle. Tnis calculation will then oe verified by cynamic strain
<38 t@sts on se.ert2g crarnxsnaft configurations. Unce tne stress calculation
srozecire 1e verifiec, exact maximun stress and exact operating factors of
safely fur any crannsnaft configuration can Je calculatec.

I accition %o provicing cesign information for ~ew engine programs, the
ca.culation Jrocecdure will be usec to confirm and refine tne less
sozhisticatec, more conservative stress calculation procecures currently usec
Ov R=4 g2ri1@s engines In nuciear service.

Shviously, tnhe oynamic test on tne 12" «x 2" cranksnaft, currently
irsta.lec  in DER-48 engines, will be an important step in this program. Static
tecting must also oe concucte? on tnis snaft 1n order to properly cecioner the
Cyansiic cata expecicc to accrue from tests pianned for iate this year,
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CRAKKSHAFT
STRESS ANALYSIS PROGRAM

EXPERIMENTAL ANALYTICAL
I “Perfors \“Generate
' Stetac ' t Dynamic
' Tests ' | Torgque &
] '

Bendine Mode.i

| ]

' T.H va &

' Any Crankshaft
1 Stressa Concentrstion '

)

|}

Fectors Kt, K» RS SeSeR S SEae
. ] L]
> ' Strese '

4l)1 Crankshafts ! Nodel )
I '

T ve @

Any Crankshaft
'

& ve @ [ '
- e ! Predict Haximsum |
[ | Stress & F.3. '
| Select Crankahafts i '
I L)
' Y
|
Verificstion Proven Analytical

Calculation Procedure
Fer Streas Analysis
of Any Crankshaft.
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- - -

Dynasic Teets

GHB/wan
12795783

FiaVRE &~ Feow 4R T
CRANK SHAFT STRESS ARLy3/S
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BEARING COMPARISON

CONNECTING ROD
03-340-03-0¢C

,éus' CHE - :
— 5 x45° CHF.

QRG. SHELL
03-340-03-0A -
A= 69.62 INS 2

11 DIA A (SUPPORTED)2 6%5.50 INS
BEARING LOADs 4215F.

R (11" CRANKPIN)

Fia 1.1
CONNECTING ROD
03-340-05-
)
,z:‘ *CHF
2 *e
BRG. SHELL 188 _cS4b:
03-340-05-AE , i
A=75.95 ins? (ns.a% )
12°DIA. BEARING LoD+ 3625 P
‘ R (12" CRANKPIN)
Fia. 1.2
- CONNECTING ROD
02-340-11-AJ
,ﬁus‘cutz
[ Yo
BRG. SHELL 61350 CHE

02-340-04-AG

A= 18.27 INSE(119.52)
BEARING LOAD: 2970 P2

13°DiA.

i RY (I3"CRANKPIN)

Fiac. 1.3



