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j December 16, 1983
|

|

Mr. T. M. Novak
Assistant Director for Licensing
Division of Licensing
Office of Nuclear Reactor Regulation
Nuclear Regulatory Commission
Washington, DC 20555

Subject: Standby Diesel Generators 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 list sent to us on
November 29, 1983 by your Mr. R. Carnso. 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 list 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 gruly yours ,

. r f'i. 4/,j ' 'L ICC't~- x
'

'

'

C. S. Mathews
Vice President and General Manager

CSM/WVD/pn

XA CopyJos Been Sent to PDR
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G #1 Describe the history and evolution of crankshaf t design of DSR-48-

diesel generators.

^

A #1 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" e*,sne which was in production
since the thirties. The "Q" engine had a 18" diameter crankpin and
11" diameter main journal and was rated at 268,327 and 368 rpm. The
R-8 engine started with an 11" diameter crankpin and 11" diameter

,

main Journal (11* x 11") and changed to 11" x 13" and 12" x 13"
during the course of evolution, from 390 rps originally to 327, 360,
375, 400, 425 and 450 rpm. The first DSR-48 engine was built and
shipped in 1969.' It was rated for 400 RPM operation. The first 450
RPM DSR-48 engines were built in 1975.

'

~0 #2(a) -- ht prompted :you to change- the - size.-of the crankpin after the . ' .

Shoreham engines were built? -

A #2(a) - TDI changed the crankpin diameter to achieve higher torsional
stiffness. This change to the engine was made to give broader
capabilities as a driver for different applications, such as pump and
marine drivers. Further, the change is a part of the evolutionary
process. For example the crankpin of the "RV" had been changed from
12" to 13" the previous year for the same reasons and not because of'

| a prooles with the 12" pin shaft.

Q #2(b) - When was the decision made to change the crankpin size?

A #2(b) - The drawing for the 12" crankpin crankshaft no. 83-319-95-PD was
dated 2/4/75. *

,

Q #2(c) - Why was the crankpin fillet geometry changed?

l A #2(c) - The "RV" crankshafts have a 3/4" . fillet. laten the change was made to

the crankpin diameter of the "R" . engine, TDI made the fillet radius
|

j change to again commonality in design between the R-48 and "RV". The
l commonality is desirable from a manufacturing standpoint.

G #E(d) - When was LILCQ informed of the change in crankpin size?

A #2(d) - Immediately following the crankshaft failure at LILCD.The requirement
for a quick supply of new crankshafts dictated the 12" diameter pin
shaft be supplied because it was the only shaft immediately
available.

G #3 What is the TDI mechanism for informing its customers of problems of-

product improvements? Does TDI use a technical information letter
approach or its equivalent?
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A #3 The TDI mechanism for informing it's customers of problems or product .
-

improvements is the Service Information Memo (SIM) program.-.

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

~

Additionally, TDI informs nuclear plant customers of " potential
defects" as required by Federal Law 18 CFR 21.

|
,

G #4 4 - In its report on the crankshaft failure, LILCO's consultant noted that
4 (a) the forcing function used by TDI in its torional analysis changed

significantly between 1975 and 1983.

A #4 & The torsional analysis for LILCD used the forcing functions which were
4(a) in the TDI computer program data base in 1974. We made two changes to

the forcing functions values in 1975. The second change made in 1975
was used until 1977. In 1977, we made minor refinements to the forcing
funct16ns'ahd these' remain in use todays

~
*

'

|

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

A #4(b) - The analytical results from the torsional analysis are verified by
torsiograph tests. Since the intention of the enelysis is to

! accurately predict the natural frequencies and stress levels of the

( diesel generator system, input data to the computer program is
_

| adjusted, so that the calculations result in agreement with the test
results. The enanr3as to the forcing functions are steps taken to

|
i match calculateo or predicted values with those obtained from tests.

Our current forcing functions predict slightly higher stress levels
than measured.

Q #4(c) - What effect does this chagne have on any other componer.ts of DSR-48
engines?

.

A #4(c) - None. The changes to the forcing functions were made to get the
computer assisted computation to accurately predict the actual
behavior of the engine generator shaft mass elastic system.

[ Q #4(d) - What forcing functions were used in the design of other TDI engines
(sucW as the DSRV-16-4s) in nuclear service?

A #4(d) - The following tabulation shows what forcing function gecups were used
for all the TDI engines for nuclear service.

.

- .

&
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CONTRACT CONTRACT TDRSIONAL HARMONIC
~

NUMBER NAME REPORT COEFFICIENT
"

DATE BROUP -

,

74810 LILCO 7/18/74 1

75841 S. C. E. 6/27/75 1

75085 - HU0SHENG 4/25/75 1

74846 CP&L 1975 2
..

74833 MP&L 9/15/75 3
75017 DUKE-CATAW9A 3
75051 C.E.I. 7/9/76 3t

i 75884 WPPSS 8/16/76 3
75089 'fvA-BELLEFONTE 4/27/76 3
76801 T. U. S. I. 1/5/76 3
77001 CDhSUMERS 4/26/77 3 -

74039 GULF STATES 5/3/77 3

77024 TVA-STRIDE 8/16/77 4
76021 GEORGIA PWR. 8/1/78 4
78086 MAANSHAN 6/22/78 '' 4''

81015 S.M.U.D. 9/18/81 4 -

HARMONIC COEFFICIENT GROUP 1 1974 TO 1975
HARMONIC COEFFICIENT GROLO 2 1975
HARMONIC COEFFICIENT GROUP 3 1975 TO 1977
HARICNIC C0 EFFICIENT GROUP 4 1977 TO CURRENT

HARNONIC CDEFFICIENT LI5 TING
|

PERIOD 74 - 75 75 75 - 77 77
|

| LISTING FROM LILCD CP&L AP&L STRIDE
l

HARMONIC GROUP 1 GROUP 2 GROUP 3 GROUP 4

t

i .5 11.S8 99.88 97.80 155.45
1 29.62 89.78 94.34 54.21

1 1. 5 19.00 94.88 108.70 129.21
2 24.06 45.43 42.53 42.61
2. 5 ES. 29 62.38 65.61 71.51
3 19.97 14.84 16.57 16.52-

3. 5 16.78 38.91 44.61 42.72
4 11 38 29.84 30.25 27.62
4. 5 9.85 12.48 12.73 12.72
5 7.38 9.21 9.33 9.38
5. 5 5.65 7.81 7.14 7.14
6 4.18 5.55 5.68 5.68
6. 5 3.29 4.39 4.49 4.49
7 2.66 3.68 3.69 3.68
7. 5 2.23 2.98 3.85 - 3.84 -

8 1.87 2.46 2.52 2.52
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8. 5 1.61 2.29 2.26 2.26
9 1.42 1. Se 1.97 1.97 -- -

9. 5 1.25 1.50 1.53 1.52 -

,
'

19 1.11 1.25 1.27 1.27
19.5 1.80 1.13 1.14 1.14
11 .91 1.81 1.02 1.01 ,

11.5 .82 .88 .89 .89
12 .74 .78 .79 .79 ..

G #4(e) - Have these forcing functions changed?

A #4(e) - The current Tn values have been in use since 1977.

Q #4(f) - Please describe the development of the forcing functions for each TDI
diesel in nuclear service.

, A #4 (f) - The forcing functions are derived from Fourier analysis of the torque
vs crank angle diagram for one cylinder. These forcing functions are
subsequently adjusted to correlate the analytical results with test
results as already noted.

,

'

Since all the TDI engines for nuclear service are rated at 225 beep
and 459 rpm, (except fcr S.C.E. ) which has a lower rated RV-24-4, the
forcing functions are similar. .

O #5(a) - What does TDI view as the reason for the Shoreham crankshaft;

failure?

A #5(a) - Site operating stresses approximately equal to the endurance limit
caused high cycle (19. 96 to 10. 97) fatigue failure of the
crankshaft.

G #5(b) - What conclusions has TDI drawn from the LILCO failure report?
,

A #5(b) - The operating stresses in the 11 x 13 cranksaft were essentially
equivalent to the endurance strength and results in high cycle (it E
96 to 19 E 97) 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 matters we are in complete agreement with
the LILCO/Fallure Analysis Associates report. However, we do not feel

- that the FaAR analytical analysis, particularly the finite element
model (Sec. 6 of report) is necessarily satisfactory. It fails to
predict the actual state of stress measured by Stone & Webster (Sec.
4) and it fails to satisfactorily predict the crack location and
direction. The crankshaft stress analysis is inadequate and therefore
does not fully explain the reason for failure.

TD1 is currently engaged in its own. stress analysis program, which is
expected to yield a more accurate analytical model and a clear

-

_ _ _ _____- _ _ __-______ _ _ _ _ - _ _ _ - _



_ _ .

' *
. .

'

. , '. .

.

I

! -

understanding of the stresses which caused the failure. -

- What actions has TDI taken or does TDI plan to take for horeham andQ e5(c)
other plants as a result of the Shoreham crankshaft failure?

,

|

| A #5(c) - TDI plans to continue its investigation into the reason (s) for the
i Shoreham crankshaft failure in accordance with the outline given in

the discussion presented by Mr. Greg Beshouri (attached). The resulta ..

! of these investigations will be published at the appropriate time 'and

| made available to all interested parties.

t

j Q 75(d) - Does TDI plan to prepare a report of its own regarding the Shoreham
crankshaft failure?

A #5(d) - TDI will develop a formal report containing it's views on the reasons

i for the failures. Much of the report will ha developed using
! understandings gained from the R&D studies cutlined above.
:

0 #6(a) - Describe how TD1 design calculations are reviewed and independently
verified?

| A #6(a) - Calculations performed by design engineers are reviewed, signed and
'

dated by the Manager of Design Engineering.'

Designs which rely on calculations in which assumptions 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.'

.

Q #6(b) - What detailed stress cnalysis of the crank web and pin were
performed?

,

A #6.(b) - No detailed analysis were done on the crankshaft other than the
crankshaft was designed to American Bureau of Shipping Rules, as
detailed in the attached encorpt from the rule book. TDI has
successfully used such rules as a design standard for 45 years. The
R-48 crankshaft was developed from the "G" engine with it" x 11* (18"

|
diameter crankpin and 11* alaseter main 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 duringQ #7 -

initial torsiograph testing at the factory?

No. The total vibratory amplituds measured was only + or .59 deg.A #7 -

which equates to a stress of 5314 psi. The portion attributed to the
fourth order was + or .43 deg or 4578 poi, well within the 5000
psi allowed by DEMA for single order contribution. (The stress
required to break the crankshaft 7.as more on the order of + or - 38
to 35 ksi.)

' ~

,

-5-
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Q #8(a) (i) -LILCD has also identified problems with failures of'~the diesel
engine connecting rod bearings. We understand that they have provided -

you with a copy of their initial report on ti.e subject. (a) 6 fiat does
TDI view as the reason for the Shoreham bearings failure?

'

A #8(a) - Four of the forty bearing shells were reported to be crecked, only
one of which had a significant crack through the edge of the top -

shell. The small piece 4-7/16" long and 11/16" wide at the thickest
point was Jacked apart from the main body of the bearing shell for
study. None of these shells had failed to the extent that the
clearances were opened up nor did any of the shells result in damage
to the erankpin. A photo- micrograph of this broken bearing showed
porosity ranging from 9.91 to 9.93 in diameter. In addition, the-
material was found to be below standard for elongation. An

j 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 a problem.
However, the overhung bearin*g arrangement resulting from a 1/4"

,

chamfer on the connecting rod as shown in Figure 1.1 (attached) in
conjunction with 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 Aaracteristics,
initiated a crack. This was clearly a material rather than design
problem as evidenced by the fact that more than 399 cylinders of this
connecting rod arrangement are in- operation, many of which have

| operated for more than 25,999 hours without bearing problems.

G #8(b) - What action has TDI taken to ensure that new bearing will not fail in
a similar fashion?

A #8(b) - In regard to LILCO and other R-48 engines installed in emergency
standby service, the crankshaft is fitted with a connecting rod which
has a smaller 1/16", chamfer on the edges. Figure 1.2 (attached)
shows the bearing is fully supported. Even though there may be some
porosity in the bearing shell material, the shell is in compression

| and therefore minor porosity would not be detrimental.

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 manufacture.

0 #8(c) - What other 1DI engines in nuclear service use similar bearing
|

material?,

j A #8(c) - All of the nuclear and commercial engines which TDI manufactures

| contain bearings using identical B-850-T5 bearing material. This
material is a 6% tin content aluminum alloy. We purchase castings,

from Aluminum Company of America ano perform all machining and
plating operations at the Oakland facility..

Q #8(d) - What action has TDI taken for other engines to preclude their failure
in a similar fashion?

I
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A #8(d) - The bearings in a11 'other engines in nuclear service have -

connecting rod and bearing arrangtments shown in Figure 1.2 and 1.3
(attached). Each provides full support for the bearing shell. The
bearing shell is in compression, both from crush ano operating [
forces, with no portion of the shell in tension. Therefore, if a

bearing saterial contains minor porosity, as all castings do, the
loads present will not act with the stress intensifiers and result in -

cracks.

G #8(e) What controls has TDI provided on bearing material in the past?-

A 08(e) The purchase order for bearing saterial has required the supplier to-

furnish a Certified Material Test Report (CMTR). This ~was a
requirement in 1974 and still is. The CMTR is reviewed for compliance [
to the material requirements. All bearings are inspected visual'ly for
porosity during the manufacturing process.

Q 88(f) How did and does TDI ensure that bearing material meets its-
,

specifications?
.

A #8(f) In 1975 TDI initiated it's own bearing eaterial sample testing-
,

' program to check cheesieal and physical properties against
specification and the CMTR supplied by the vendor. This program
remains TDI's standard practice. II

f-

What other experience has TDI had with connecting rod bearing liQ 88(g) -

ffailures, of any kind, in any nuclear or non-nuclear installations? -

A #8(g) TDI customers have encountered occasional babbitt fatigue. It has the-

appearance of small worm holes in the surface of the babbitt. In '

addition several users have suffered the results of faulty !

reinstallation, dirt ingestion and abuse which have resulted in
bearing failure.

I

What procedures does TDI use to ensure that bearings and journals are |Q #8(h) -

properly designed and manufactured?
A #8(h) TDI has been designing , developing and building engim ziMe before-

1938. The interveninr years have provided considerable experience and
knowledge regarding what constitutes a properly designed crankshaft
Journal and mating bearing, such as L/D ratio, surface finish,
babbitt, thickness, etc. In addition, we work closely with the bearing p
material vendore- regarding the bearing design. All of thf.s '

information culmanates in a design that is translated into detail
drawings for manufacturir.g. The M department ensures c%forman=e to
the drawing requirements through TDI's 10CFR588 program. The bearing ;
material vendor provides Certified Material Test Reports (CMTR's) for
each casting heat which are review for conformance to the drawing
requirements and are verified by TDI's own Chemical 4 physical test

'
for each casting heat.

'
Q 88(i) Describe any problems you or any of your customers have encountered-

with the use or manufacture of aluminum bearings with babbitt

-7-
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overlays.
~

A #8(i) - Users have occasionally encountered babbitfatiguei[thebearing
'

| overlay. This may occur if the tin content in the babbitt is too lom,

| resulting in a weaker babbit. The composition of the babbitt is
monitored quite closely. TDI has initiated a changa 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
I characteristics in the aluminum castings used to manufacture the

bearing shells.

LILCO as also identified problems with cracks in almost all of theQ #9 -

pirton skirts at Shoreham.

l
i A #9 This statement is incorrect. There has been only one piston at LILCO-

| which has been identified as having a crack. The examinations being
I conducted at tne site are using an "edcy current" inspection process

which TDI and it's Metallurgy Consultant considers not suitable for
examination of cast nodular iron surfaces. This addy current process

l has predicted linear indications in the piston skirts which in most
cases may be nothing more than the grain boundaries within the

*
I nodular iron structure.

Q #9(a) - Describe the stress analysis and testing that has been done by TDI in
the development of type AF, AN and AE pistons.

A #9(a) - AF, AN, and AE 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,
effacts of combustion 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 AE type were successfully run fo* 687
hours in the experimental R5-V12 engine at 514 rps 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
458 rpm and 689 BHP per cylinder. Therefore the test work subjected
the pistons to considerably higher , operating stresses than the
pistons used in any standby engine. -

Q #9(b) - Has TDI or any of its customers encountered similar or different
problems with piston cracking?

! A #9(b) - The crack reported by L1 0 is the first such crack identified and
reported on the modifi "AF" style piston skirt which has been

i manufactured in accordance with design requirements. There are 252
modified "AF" piston sAirts operat ing,- which have accumulated in
excess of 1,772,908 hours of successful operatiom

-8-
,

-. -_- -_ . __ _ . - _ . - - _ - . . . - - - . - . . - - - - - - _ _ _ _ .



. .

.

, .

'

'.
.. .,

_

;

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
eachined. There are 1374 "AN" style pistons opeataing which have
accumulated in excess of 2,769,908 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
"AE" piston design has been successfully tested in our R-5 test
engine at 514 rpm and 382 BMEp and has acquired in excess of 7000
operating hours in a 16 cylinder 7000 kw engine in the field.

Q #9(c) - Has TDI modified its piston skirt design to improve stress levels in
the area of the bolt holes?

A #9 (c) - As part of a continuing program of product performance and
reliability improvements, TDI has modified the piston skirt design to
improve stress distribution in the area of the fastener holes and in ,

the circumferential aid rib blend to the wrist pin boss.
,

O #9(d) - How and when were these modifications made? *

.

A #9(d) - primarily as a result of the studies referred to in the answer to
question 9a, TDI concluded that a more 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 believille
washers instead of the original 26 washers.

.

On August 19, 1982, piston skirt 92-341-84-AE ans released for
production. It required that a change be made to the cerebox 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.

.

.

! -9-
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CRAP.KSAAFT STRESS A.ALY111 PROGRA5 .. .

| Greg Beshouri, Researen Engineer
'

IEIEQQ2GIl0S

With tne failure of the 11" x 13" cranksnafts in tne LIcCD DSR-48 (S/N'

74010/12) engi ne, TDI initiated a stress analysis program (includtng physical
'

tcsting and analytical soceling) witn tne oojective of determining tne stresses
enc their sources in.an 8 throw 11" x 13" crankshaft in orcer to identify the
actual causes of tne failure of tne LILCO snafts. In aedition, this program is
intencec to provice a more sognisticated input for future crankshaft stress
ar.alysis and design.

03QQEDU92

611ECJt?"e Revitd

Srior *o :ne initiation of pnysical testing, an 7xtensive review of tne,

| avs11st'e literature was concuctac. From this review we ceterminec, as.

ex:e::ed, tna: a cranxs.. aft in service is suojected to a complex, cynamic state .

of cot.=1ne: strecses. Tne key to successful stress analysis is an understanding
of t .e source of eacn stress component and how tnese incividual components acd
.ntc the comoined stress state. The literature indicated the necessity of
strain inge tecting. Tne technical papers also were a good source of
Ib'creat : cr. on what other recearchers had used in regard to gage type, length
a.i : cation.j

IErcani 29viical Teil
As noted, tne lit erature review confireed sne need for strain gage

t ect ir.;. At the reginning of our investigation, Stone and Webster (LILCO
| ccnz ul t ant L) nac alreacy committed tnemselves to concucting dynamic strain gage

t est i r.g, a 3ath felt to be very difficult to follow because of tne myrtad of
in:t r an:ent at i on :rc.olems associatec with frecuency modulated (FM) telecetry (a
met t.oc of t rar. slit t ing strain information via radio waves from the operating
cre<xsnaft). Tacrefore, we electec te perform static strain gage testing on an
av.: ablu engira at our facility in the home it would complement the S&W

*

tyr.anic ;c: ting. Tais static testing was designed to provice information
,

nc:essary to interpect ar.d verify the feasibility of the cynamic test data.'

The testing was done on a TDI Researen and Developmen: engine with a 11" x
* 3" crankshaft. The crankshaft is similar to but not identical to tne 11" x 13".

s!. aft w7ien failed at LILCO. The crankshaft of tnis unit was statically loaoed
to simulate cynamic forces in the 5th through 8th tnrow of an R-48 engine rated
<.i 22! ;;i BMEP at 450 RPM.

?he cranksnaft loads from gas crossure (less inertia), torcue transmission
an: torsional vibration were first simulatec incepencently. They were then
:t:Ld in severa. cifferent cos32 nations to cetermine tne resulting stress. From
t!.ts data a geraral solution was obtained oy which it is possible to oredict
ve >:im2u cran <snsft s rasc for any comoination of mending and torsional
stre::cs.
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The crankshaft was subjected to torcue in such a manner as to simulate
91.rsional stresses from transmitted torque and from torsional vibration, and to
bereing forces simulating gas pressure (less inertia).

The necessary torque was ger:erated by fitting cylinders No. 2&6 ..

clearance volumes witn spacers and 0-ring seals (see Figures 1 & 2), and tnen -

m ecsuring them wit.e oil with tne two pistons located at 240 dag. and 120 deg. ,

ATD0 respectively. <

SimilAri.y, bending force was gererateo by sealing and pressurizing
cy'incEr No. 3 with the picton at TDC and 10 cegrees and 20 ATDC..

$1Less "eigurements

Tne stresses generated by torque and bending forces were measured by
recistance typo , strain gages located on tne No. 3 crankoin fillet and on tne
cranxpin (see ' Figures 3 & 4). Rosettes B throu;n E located in tne fillets
rescured maxircum strains anc tnair principle cirection. Rosettes A & F measureo

.
tt..rticn and bendin; on tne surf ace of tne free part of tne pin. Comeart=cn of A

i E F (free part of the pin) with B tnrough E (fillet), yielos te tress
car.:ent-at ion effect of the crang. pin-filla)-web configurations.

Rosette H (only outer two gages usec) located on the cyl'indrical surface of the
No. 5 main journal verified the actual torque irducac in tne system.

A'' rosetten were rsctangular three gage tyce of 0.125" (3 mm) effective..

length, manufactured by Micro-Measurements (P/N CEA-06-125UR-120).

. 22;i.ist'Jenct .

|

|
Pure torsion was first simulatec by pressuri.ng cylinders 2 & 6 only in 300'

l ;ci increnents from 0 to 1200 psi yielcing torques up to 2,360,000 in.lbf.

?ure rencing at TDC was tnen simulatec ey pressuring cylinder No. 3 only,
in 400 psi increr'ents from 0 to 1600 psi, representing a maximum peak firing
or s ure in excess of 1943 psi, (Note tnat tne primary and seconcacy inertia
forces of the piston anc connecting rod assembly oppose tne firing pressures
at:c ave tne ecu1 valent effect of lowering tne firing pressures by 377 esi wnen
c eating at 450 rpm.

| 1 hen, my eressuring cylinders 2, 3 and 6 aamroortately, combinec torsion
er.d sendar.g representing the actual stress state was simulatec.

The sure bencing and comoined bending anc torsion tests were reoeated watn

! :ylin:er No. 3 piston locatec at 10 and 00 equivalent cegrees ATDC. ,

2d25 PO 1EIEa
1

The strain gage cata were recuced o maximum and minimum princiale
I ttrette; and crinciple directions.
l

. - .- - . . . . . . -_ _ _.
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From bending load and torque data, general mathematical expressions were
,

cerived for nonsnal stresses in the free ~ part of the pin due to bencing loads
at.d torque. In addition, stress concentration factors were calculated for
various fillet locations.

From tne combined stress data, a general analytical technique (using
Vo7e's circle) for calculating combined stress oue to a given bending load and ..

torque was generated. It was then confirmed tnat tnis technicue could be
as;1:ed in reverse, t.e., given a certain combined stress state, the bending
1cai and torque creating this stress could be calculated.

Using this technique the dynaste stress data taken by Stone & Wooster on
* *r.it 101, TD1 S/N 74011, at LI CD were tnen broken oown into components of. -

cyrianic sending load anc cynamic toroue creating tne stress, resulting in a
: lear understanding of tne dynamic state of stress commonents. had the static.

testing not been concucted, it would not have been possible to satisfactorily
cectoner the dynauic stress data taken by S&W.

21:22112_239226I
'

Eccause of the failure of tne LILCD cranksnafts and a recurrement to
I clear'.y uncerstand the reasons for the failure and given the success to cate of

the several methocs of cranksnaft stress analysis amplied to tne 11" x 13"
chaft, we have committec ourselves to an on-going crankshaft stress analysis
program.

( Tnis program will proceec in two comslimentary directions, analytical and
e.<;eeizcnt al (Fig. 5).

First, statac tests will De conductea on all crandsnaft configurations to
c+termine stress concentration factors in torsion anc bencing. Concurrently, a
cy nau;c mocal wnich prec1 cts torque and bending loac will De generated. The
s:cass concer tration factors and dynamic bending loac and torque calculations
will t9en crevice input for ' a second mocal wnien will calculate crankshaft
ctresc vs eranrangle. Tnts calculation will then ce verified by dynamic strain

l 3 se tests on selected crannsnaft configurations. Once tne stress calculation
prececure is verifiec, exact maximcc stress and exact operating factors of
sefe;y for any crannsnaft configuration can se calculated.

In accition to provacing cesign information for row engine programs, the

| calculation procedure wzil be used to confirm and refine tne less-

|' sophisticatec, more conservative stress calculation procecures currently usec
on R-4 series engines in nuclear service.

Obviously, tne cynamic test on tne 12" x 13" cranksnaft, currently
t r.st allee in D5R-48 engines, will be an important step in this program. Static

'

tacting must also oe concuctsd on tnis snaft in order to properly cectoner tne
cyancic casa expected to accrue from tests planned for late this year.

. .

|
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