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r. S. Nuclear egulatory Comission
Wasnnngton. 0.C. 20555

Re:  LtUntorque Corporation
Part 21 Notification

Attenti2n: Direztzr. u.z-.ear eac~.or Reeuelaton

Gentileet

Pursuant tc tie requirements of Title 10 of the Case of Feldera Regulattonr Fart
12 heeren prov;ded is notification of defect in Lesttorque Corporato. supplied
safety related 3 valve actuators, as detailed in the attached letter. In order
t3 erxpete the —otifesetion of the facilities affected. Lmitorque has side
swiltaneous vrieten nottice to both. the comissio. and tle attaoceed s c!
juce.ear utisL:youstnDmers.

SE. Wikiknson
vice President of Enginerinqg
tlw::r-Pue Corporatior

*W60ogohab



Limitorque Corporation
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ovember 3. 198

Subject, 10 CFR Part 21 Notification

Gentlemen

Be advised that Llitorque has concluded its evaluation of the elevated
arbient temperature effects on W Insulated DC atori. The results cf our
evaluation indicate that in sone cases, aH insulated motors ay not develop full
rated starting torque at elevated anbent remperatres. It should al so be noted
that Liaitorque has had no reported failures as a result of this phenoenon.

Therefore, pursuant to the requ~rements of 10 CTR Part 21 herein provided
is notification of a potenteal sfety issue.

IDenfriCATIWP OffBASIC gCaM py

Ltmitorque supplied Se valve acr ators with RH insulated DC motors
installed in safety related application

PATURE O TE De Cr

As a result of our continuing evaluation of temperature effects on cable
sizin and actuator perforance, Lritorque's investigation has concluded that
elevated temperatures also affect motor performance. At elevated amient

temperatures, the DC motor resistance increases and consequently, the available
output torque decreases.



Limatozque's a#lficaron rport -0009 includes environental tsting
of an M im ul ated DC motor operator at teertures up to 360 r. As a result
of our concerns, we ae reevaluost the raperatum atcts on our qualified
DC motors. Our invetloa n sed theasmpclo that the valve actuator motor
would be required to produc its hall rated startlig torquein order to meet the
valve oad rquulrents at el ated tdeturs. Th is a conservative
assumptica, because to ay caes the fll motor startig torque Is not requirEd.
ased on our evaluation. w haw detarmimnd that th below listed DC otors
cannot produce the full rated startin torque at 340 r.

The followng represnts a complete listing of the | tinsulated DC motors
installed in Lastorque SB valve actutor s and the corrsponding msmm ambent
temperature at which full rated torqu can be developed

Notor Startino Torue ared Voltage Ambient Tag.
40 foot-pounds 250 vDC 250 F
60 toot-pounds 250 VDC 200 F
80 foot-pounds 250 VDC 200 F
100 toot-pounds 250 vDC 150 F
40 foot-pounds 125 VDC 300 F
60 toot-pounds 125 VDC 250 F
80 foot-pounds 125 VDC 300 F
100 foot-pounds 125 VDC 120 F

* The saxiu ambient temperate at which the motor will produce its' rated
starting torque.

DC motor sizes not listed above have enough safety margin to provide their
rated starting torque at ablients up to 340 F.

LICENSE COPtECIVE ACTIOP

Lioitorque recoends that the licensee review your DC motor operated
valves to determine if any of the above size RH insulated DC motors are required
to operate at ambient temperature above those specitied. For those applications
exceeding the allowable temperature limits, please advise Lisitorque of the order
number and serial number from the actuator nameplate, the nmaximu arier.t
tesperature, and the vave load requirements. Lisitorque will review the

application to eterUine if the motor size is suitable for the teaperature
conditions.

LDTo)POtL: ~ COpReCTflv  ACTIQO

we are revising our motor selection procedures for environmentaly
qualitied actuators to account for elevated temperature affects.



Any Questions or clarification regarding the above notification say be
directed to:

Dan Warsing - Technical Manager
Pat McQuillan - £recial and Nuclear Project Manager

Very truly ycurs,

&\ZW

I. E. ¥Wilkinson
Vice President of Engineering
Lisitorque Corporation

cc: T. Mignogna
10 CFR 21 - 7 file




ATTACMENT NO. 3

a) Limitorque Corporation

ecrrm Vene eser@ ecks uksnur
5114 oodo Rood P.O S 11318  Lyndr. VA 24506-131
O TMhon.-6-04.528-4400 * .Telex-2-0448 FAX-04- 445  36j

Attention.

Gentlemen.
Sub)j:ts Limitorque Maintenance Update

Enclosed is a copy of a Liitorque Hatntenance Update letter which
addresses a number of motor operated valve concerns which have recently
developed. We plan to publish a aintenance update periodically for the purpose
of keeping the industry infomed of the latest valve actuator issues. We welcome

your comments on this material and your suggestions of items which you would like
to see addressed in future issues.

Shculd you have any questions concerning the material in this letter,
please contact our Lynchburg Corporate Headquarters and ask to speak to the Power
Group, Service Department, or the Technical Manager. We trust the information
provided will assist you in properly maintaining your Limitorque valve actuators.

Sincerely,

uHrouu coMORATIou

Daniel X. Warsing
Technical Manager

DSW/ ¢

At t achnment
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RePorted Problem
The DC Cook Plant recently reported finding torque witches installed in
e of their safety related S-OO actuator which have not been qualification
ested. The incident developed during an environmental qualification training
progra in which plant personnel wre instructed that there are three colors
(red, white, and brown) of qualified torque witch insulatingnaterials. The
plant maintenance personnel recalled having seen a fourth mterial described as
a brown lainated phenolic in the MS-00 actuators.

Lisitorue Engineering Evaluation

A sample of one of the witches in question was returned to Lsitorque
for evaluation. We inspected the torque witch and identified the switch as
an SA type torque witch which was used in the SM-00 actuators built in the
aid and late 1960's. This torque witch design was originally utilized in
Lisitorque's SMA electric actuators which wr e the generation of actuators
manufactured prior to the developmnt of the 3S product. The use of the SHA
type torque witch was discontinued prior to Lisitorque's first nuclear
qualification test program

In asiilar manner, the S-O00 actuators manufactured in the late 1960's
also used a different design torque witch and four-train liit switch assebly

than those that were later qualified.

In each of these cases, the witch design is visibly different making it
possible to distinguish between the qualified and unqualified switch designs



Figures 1. 2. and 3 show the torque switch and limt switch designs that were
used prior to qualification testing. All of our gualification tests have used

the limit and torque mwitch designs shown in our maintenance manual (Figures 4.

5, and 6.1

Conclusions and Recomendatil oMns,

The S3-00 torque mswitch identified by the D. C. Cook Plant was not
originally furnished asqualified equipment. 3M-000 and -00 actuator s furnished
prior to Llltorque's qualification progr, could contain thes unqualified
switch designs. Actuators in this category will have serial nuabers less than
108000. Limltorque recommends that plant personnel be trained to r ecognize
qualified and unqualified switch designs. S3-000 and -00 actuators with serial
numbers less than 108000 should be insoected to insure that safety related units
contain only the qualified switch designs. We also recomend that the spare

parts inventory be reviewed and any unqualified switch designs be appropriately
tagged.

TCzQUE SPRING ASSEMBLY RELAXATION

Reported Problems
rn the past two years we have received a few -eports of spring pack
relaxation. The tern "spring pack relaxation” refers to spring packs found in

the field which have free play or no pre-load.

Lemitorque EngineerjngiEvaluation,

In response, we have analyzed a nimber of returned spring packs and found
that the height of the individual springs was less than shown on our detail
drawings which Is consistent with the reported relaxation. In evaluating the
relaxed spring pack, we found that although the spring height had changed, the

overall spring rate of the assembly ill conformed to specifications.

Each spring pack assembly includes a liniter geeve for the purpose of
limting the overall compression of the Belleville springs preventing an

overstress condition. At this time, we do not have an explanation for the cause



of the relaxation. One theory that explains this phenomenon is that these valves
were placed in the closed position (where the spring pack is ccpressed) and
allowed to remain n fL t state for a long period of time. Possibly having the
spring in the compressed position for an extended period could result in a
creeping affect causing the relaxation.

Conclusions and Recomendations

Luittorque is continuing the root cause analysis and Part 21 evaluation
of the spring pack relaxation phenomenon. Crrently, we are conducting tests
to determine the affects of long term continuous compression of our Belleville
spring pack designs. e recomend that spring packs with relaxation identified
through diagnostic testing or disassembly and inspection be replaced at the fir st
available opportunity. As an interim corrective action, it is acceptaole to
re-establish the design preload and continue to use the spring pack (Note,
spring cartridge cap locknut must also be adjusted).  We have had reports of
spring pack relaxation on different size SI  actuators, however, the SH-0 spring
pack, Part No. 60-600-0017-1, has had the greatest nmer of relaxation reports.
We recommend you be aware of this phenomenon in the performance of plant
maintenanre activities and evaluation of valve/actuator performance, particularly
on valves left in the full closed position or backseated.

2APR PER USE OF THE DECLtH fECHAMtM

Peported Problem.

There have been a nuber of reported incidents of failures of the pin that
holds the arm to the torque switch shaft (Pc. No. 23 of Figure 4). In the most
recent case reported to Liamtorque, the failed pin was subjected to a
metallurgical evaluation which indicated the failure was caused by a single
overload condition.

Limitorque Engineering lvaluation.

we proceeded to conduct a series of tests on the SMB-00 torque swit',h and
the actuator. Tests revealed that one foct-pound of torque on the torque switch
sjiaft is required to open the switch contacts. In testing to failure, we found.



that 18 to 25 toot-pounds of torque is required for the pin to tail. Because
of the excessive overload condition required to cause this failure, we
investigated various situations which night produce enough impact load to cause
a failure. The worst condition for impact Loading on the torque switch arm and
pin is the presence of gap in the spring pack (caused by lack of preload on the
spring pack or incorrect positioning of the spring cartridge cap locknutl. The
following tests were conducted with a gap in the spring pack.

1. Multiple cycles running in the closed direction until the torque
switch cut off the motor and using the limit switch as the control
switch in the opening direction. Test cycles were run with loads
up to three tines the SB-00"'s rating.

2. Repeatedly run the unit to locked rotor condition.

3. Cycling in the closed direction until the torque switch trips and

shuts off the nmotor then declutch the unit into .Ranual operation.

In all the above tests, the pin did not fail. The only, tests which
duplicated the torque switch arm pin failure was when the actuator was declutched
while the motor was runn:ng. This condition created enough impact load to

duplicate the reported field problem. |n addition, the failure was a single
overload failure sinmilar to the field incident.

Concl usi ons and Recommendat i ont

N is Limtorque's conclusion that the cause of the pin failure was due
to the actuator bei ng decl ut ched while the motor was running , which is abnorralL
use and not recommended. The Limitorque actuator declutch mechanismfcr all s:ize
SMB actuators was not designed with the intention that the declutch mechanism
be operated while the notor is running. In addition to the reported failure of
the torque switch arm pin on the SHB- 00, we have also seen cases at motor pinion,
worm shaft gear, and wors shaft clutch failures of the SMB-0 through SMB-5
resulting from the unit being declutched while the motor is in operation. W
recommend trPat trainln4 programs conducted for plant personnel include

instruction on the proper use of the declutch mechanism.



Reported Problem
Shave had reports of repeated DC oator failures on a couple of specific
valves at a nuclear power plant.

Ltritorgue ngineeringa lart*=on

As a result of the most reent incident of a DC motor failure on one of
the proble valves, we wer invited by the utility to particpate in the
evaluation. In assisting plant peronnel with this evaluation, we found a
nuber of different prblems which contributed to the motor failures. This
particUlar istallacora rnmatim-mly energized the abtt windig oat a compund
wo dCC a to act as a beatr to preenan deag—a . Tmea {
windins of tbe campod wond otor is not desied worcotua- eeizlan

and con-uently over a lon periodof tir the shut widing tperatMre vU
exceed the insulatioan rtatig. The escives aR am finmul i

ystem leads to primaCra Motét falm s

Our investigation included evaluation of the NAC (Lulitorque's Motor
Actuator Characterizer) dianotic test data taken after the last maintenanre
activity on the failed actuator. The diagnostic test data showed some unusual
characteristics. Based on infomation provided by the utility, we learned that
these particular actuators had starting resistors in the control circuit which
limited the motor current to 200 percent of the motor namepate full load
amperage for the first two and one-half seconds of the stroke. The MAC traces
indicated that when the motor tried to unseat the valve, the starting resistors
limited the motor's output torque (due to the aperage 1mit) such that the motor
sowed down to a stop until a relay dropped the starting resistor out and allowed
the motor to draw enough aperage to unseat the valve.

In mveating t perablkity Oathe valve/actuator assembly for the design
conditions, we recalculated the motor size based on the starting resistor being
in the circuit. This requirduse of a lower actuator efficiency resulting froa
th starting resistor causing the motor to stop during the unseating of the



valve. Startc efficiency of the actuator is less than the published pullout
efficiency which accounts for the hamerblouw echanism allowing the actuator to
accelerate under no load. ab reslt was that a larger motor ould be required
baed on * & .rrai | me- belag left in the circuit.

As part of the evalution, the motor circuit was analyzed for the inim
voltage conditio. ra evalmont the pomr cirlt, we considered the asnia
dessa voltag at tf Otrm a+ | cancer, the sotor resistance, and the cabMe
resmteance to detrAmatnhe h eais rrueh  flow that ould take place. This
evaluation included acountg for the actual cable resistance based on the
ambient -t-iure at. the plant cOcident condition. These calculations
indicated that the cable sze was not adequate to allow enough motor urrwnt
to flow to meet the valve unmeati requirements (without the startint resistors

at the amLrn voltage condiuhoa.

Conclusions and Recomendations

Based on the information gathered in this ncident, it appears that the
»,tor control center with starting resistors and cabling were sized using
tecrhiques normally applied to continuous duty motors destined to operate at full
Load -- rrent. The LLrtorque motors are designed to use the starting torque
rating of thre otor to seat or unseat the valve, consequently, the motor power
circuit mus be able to provide at least five times the nmeplate full load
amperage at the -tntum voltage to insure that the actuator w.ll perform as

designed.

The actuators tr, this application were sized to meet the valve Load
reTuLreients based on an 85 percent reduced voltage specificatton. In selecting
the motor size for the application, we intentionally oversized the motor to
insure that we will provide the required torque with 85 percent voltage at the
motor. If the 85 percent voltage condition exists at the MCC, we cannot account
for \th Losses in the pwer circuit at the time that the actuator is selected

b.csujse sufficient data is not provided in the specification or purchase order



As a retslt of thi recant incident, .itcorqueecomnA the fotlowing,

1. - be shat wrindi of the compond wound DC motor should not be
contiously energized, it you are currently using this practice
we r coam, that ou modtfy your circutry.

2. Liatorque's motor destgns do not require the us of starting
resistors to protect th motor. Nowever, 150 foot-pound ad Larger
DC motor cman ha hig locked rotor currents and it my be
beneitcial to us startig resistors to protect the reversing
contactor or so other ompnent. When ustng starting reistors.
they must allw for a current draw of at least fte tums the full
load cumrnt ort titm delay relay be met t. drop te tarting
resistor ot beftoe M loat notion of t hemtblow dw iet the
actuaor complete its trwel.

3. Te cable size ued for the DC otors should be sized to allow W
fi ti s fulllsa curre flw at the mini- voltae cav-iiti
Accident an t t eratuncondtli=s don:&be taM Iin cmint
in deteaning able resstance. Attachmt lis an e ple of the
typical calcmlatin *hchl huld be pertrned.

4. In conjunction with the use of oC motors, Ltitorque also recomends

he use of a discharge resistor or varlstor to absorb the energy when
the shut field circuit is opened quickly (typical wiring dtagram
- Attachment 2).

GASKET MATERIAL

Ltritorque's tandard gaket mterial has been Anchorite 425. Our
Engineering Department has evaluated and approved the use of Klinger K-61 gasket
aterial which is manufactured to this sae ASTH and IL standards. This
material is approved for use in our nuclear safety related applications.
Installation of gaskets sade of the K-61 material will not affect the

qualification status of the Limitorque valve actuators.



We mmtmmmmvwmumuummmt
organization so that they will be aware of the alternate qualified gasket
material.

osw
8/88
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FIGURE 2

TORQUE SWITCHES
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FIGURE 3
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FIGAE 4
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FIGURE 6

FOURTRAIN GEARED
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* "ATTACHMENT 1f |

LIMITORQUE DC MOTOR
CABLE SIZING

The motor's ability to generate design torque is dependent on the amount of
current the circuit can conduct.

N n. Bus Voltage
M. G reBLPEH @ Motor Resistance + Total Cable Resistance

Motor Resistance (R«) Ricked MRasts VM ir age L

Total Cable Resistance . Four times resistance of a single cable at
accident ambient condition.

Resistance of single cable at 25*C (R)) - Resistance per foot tines
number of feet.

Resi stance at Elevated Tenperature (R) a R x 2345

(Calculation method taken from |EEE 11P

Where "T" is the elevated temperature in *C.
Temperature effect on motor resistance is covered by the Limitorque
Motor Selection Procedure.  This subject will be covered in greater
detail | na separate letter.
Example 41
60'1, 250 VDC motor. Full Load Amps (FLA) a 17.
M ni mum Bus Vol t age 210V.
Locked Rotor Current |s 105 Amps (frommotor curve).
Motor Resistance a 2 * 2.381 ohms,
Cable i s010 AWG and length is 300 feet.
R 300 x .00108, - .324 ohns.
Elevated temperature is 200*F or 93.33°C.
R 34 x 45 5%33 . 4003 omms

Total Cable Resistance z 4 x .4093 = 1.6372 ohms.



4Wa

Max. Curret tDCraw a 210 ms X _itl

62

Recommnded Minimum Available Current Draw is 5x FLA a 5 x 17 anps a85 &Mps.

Available current draw Is considerably less than required. The motor
performance curve indicates that 52.26 amps will produce approximately 40 foot
pounds from a motor rated for 60 foot-pounds of starting torque.

If the above example is for an existing installation, you may want to
determne the motor torque required to operate the valve under design conditions
or at the existing torque switch setting.  This application would be acceptable
if the motor required torque | sless than 40 foot-pounds. In acase where the
required motor torque is greater than 40 foot-pounds, you would then want to
evaluate the options for modifications to the actuator or achange in cable
size. The actuator change In this situation would be to increase the gear ratio
and thus reduce the torque required from the motor. An increased gear ratio will

also result in &proportionally longer stroke tine.
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