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The operating environment including maximum and minimum
pressure, temperature, humidity. and emergency, corrosive.
.of haéardous conditions should be specified for the crane.
The minimum specified operating temperature should be
equal to or higher than 60°F above the nil-ductility
transition temperafure (NDTT) for the‘ferritic materials.,
If the minimum specified operating temperature is less
than 60°F above the manufacturer's guaranteed NDTT for
the ferritic crane materials; tesﬁing'of_the material
toughness should be ;equired. The NDTIT should be deter-
mined by a drop weight test (DWT) performed in accordance

with ASTM specification E-208.

The crane is designed for outdoor service with weather
protection provided for the mechanical and electrical
componenfs. Outside temperatufe can be expected to range
from 20°F to 105°F. Since it has not been a practice for
past cranes to include NDTT consideration into crane
specificatioﬁs, no NDIT drop weight tests were performed

for this crane. However, it has been determined from the

~steel manufacturers for the steel used in this crane that

typical values for NDIT are at 40°F. A requirement to

have the minimum operating temperature at 60°F above NDTT

is not feasible or necessary as shown by the following:




(1)

(2)

v @

CMAA #70 specifies a minimum.operating temperature

of 0°F. Operating experience for all Whiting Corpofa—
tion cranes built to CMAA #70 and the preceding EOC1
spécification # 61 has shown no failures dué to

brittle fractuie.

Failures due to brittle fracture result from high
stress concentrations, impact loadings and low ﬁemper—
ature. High stress concentrations are prevented in
this crane by design practices which eliminate high
stress risers and by providing low allowable'étresses.
The maximum basic allowable stress for any member
under tension or compression subject to repeated
loading is 17,600 psi. The basic allowable stress
includes the dead weight, live load and impact
allowance as required by CMAA #70. This gives a
minimum safety factor of two based oh the yield

stress of 36,000 psi for ASTM-A36. The crane is
designed for 20,000 to 100,000 loading cycles com-
pared to actual loading cycles of less than 2,500

which will take place over a 40-year life.
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(3) Tﬁe crane will receive 1257 of capacity load test
as required by ANSI B.30.2.0 which will prove the-
capability of the crane to handle a capacity load

safely.

Based on the above the minimum specified operating tempera-
ture for the main hoist will not be less\than the temperature
recorded at the time of the 125% load test. The load test

will not be performed at less than 45°F,

The crane should be classified as Seismic Category I and
should be capable of retaining the maximum design load
during an SSE, although the crane may not be operable

after the seismic event. The bridge and trolley should

be provided with means for preventing them from leaving
their runways with or without the design load during
operation or under any seismic exéursionsq The design
rated load plus operational and seismically induced
pendulum and swinging load effects on the crane should

be considered in the desigh of the trolley, and they should

be added to the trolley weight for the design of the bridge.
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Seismic Category I criteria were not considered in the design

of the replacement crane. Seismic Category I was unnecessary

since the support structure is a seismic Class III as de-
scribed in the H. B. Robinson FSAR and was designed for

seismic loads in accordance with the Uniform Building

Code. The structure was also designed to carry a 150-

ton capacity crane and all of its associated loads.

Based on the ovérdesign of the fuel handling_building
structure for a 150-ton capacity crane and the induced
impact due to longitudinal loads associated with the
design of the crane and its supports, no failure of the
fuel handling building structure is expected fér the
design basis earthquake. The crane is not stored in a
position over the spent fuel éit. Hold-down lugs have
been provided to prevent the wheels of.the trucks and
trolley from lifting from the rails when subjgct to a
vertical acceleration of .2g. The replacement crane

is éonservatively designed on the basis of a static
analysis for vertical accelerations of .2g and horizontal
accelerations of .2g acting simultanequsly. The effects
of a swinging load induced by an earthquake with same
vertical and horizontal accelerations have been analyzed

and found to be negligible.




d.

- CP&L:

All weld joints for load bearing structures including
those susceptible to lamellar tearing should be inspected,
including nondestructive examination for soundness of

the base metal and weld metai.

All load beafing'welds on the crane have undergone
examinations to assure that the welds and adjoining

base metal are free from defects. All weld joints on
the crane were made using qualified welders and weld
prdcedures. The load bearing welds in the trolley were
examined by magnetic particle examination. All load
bearing welds in thelbridge were qualified by examina-
tion of the macro tesg specimens for the aﬁtomatic
welding procesé. All welds have received a thorough

visual examination.

An examination for lamellar tearing has not been per-
formed on the load bearing welds since no acceptable

industry standards for detecting or defining lamellar

tearing by nondestructive examination have been developed.

A review of the weld joints on the crane using the guide-
line of the AISC "Commentary on Highly Restrained Welded

Connections" shows that some joints could possibly, but




not conclusively; have the joint gebmetry required for
highly restrained welded connections. However, the AISC
points out that for the great majority of welded. connec-
tions, the conditions which brovide the poténtial for
lamellar tearing or other distress, do not exiét. There-"
fore, since it is impossible to determine tﬁe exact
conditions to cause lamellar tearing and since acceptable
inspection standards haQe not been developed, the safety

of the weld joints must be based on expertisé of experienéed

designers and load testing as follows:

(1) As pointed out b& the AISC "this commentary is not
intended in any sense to be a substitute for individual
expertise in a particular application". The expertise
in this area has been adequately demonstrated by
Whiting Corporation in their crane design. The weld’
Joints used in this crané are identical to those used
in many other Whiting cranes. No failures have ever'.

been attributed to lamellar tearing on Whiting cranes.

(2) To verify crane safety and to demonstrate that no
detrimental lamellar tears exist, a 1257 of capacity

load test will be performed as required by ANSI B20.2.0.
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A fatigue analysis should be considered for critical load

‘bearing structures and components of the crane handling

system. The cumulative fatigue usage factors should

reflect effects of the cyclic loading from both the

‘construction and operating periods.

The crane load bearing‘structures aﬁd components were
designed to meet the requirements of CMAA #70 for Class
Al cranes which are standby service cranés. The number
of loading cycles for the new crane will be less ;han
2500 during the service life. CMAA #70 requires that a
Class Al crane be designed for 20,000 to 100,000 loading
cycles. A detailed fatigue analysis is not required due

to low usage.

Preheat and postheat treatment (stress relieving) tempera-
tures for all weldments should be specified in the weld
procedure. For low-alloy steel, the recommendations of

Regulatory Guide 1.50 should be applied.

'Welding on this crane meets the requirements of AWS D14.1

"Specification for Welding Industrial and Mill Cranes"
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which specifies preheat and postheat temperature where
reduired. The recommendation of Regulatory Guide 1.50
does not apply since weldments are made of ASTM A-36

steel.

2. 'Safety Features

The automatic controls and Iimiting devices should be
designed such that when disorders due to inadvertent
operation, component\malfunction, or disarrangement of
subsystem control functions occur singly or in combination
during the load handling and failure has not occurred in
either subsystems or components that these disorders will
not prevent the handling system from being maintained at a

safe neutral holding position.

All automatic controls and limiting. devices on the new
crane are designed so that the load will be maintained
in a safe neutral holding position if disorders occur

either by operator action, redundant controls, mechanical

.stops or limit switches.A
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Auxiliary systems, dual components, or ancilliary systems
should be provided such that in case of subsystem or com-
poneht failure, the load will be retained and held in a

stable or immobile safe position.

_ A description of. the redundaﬁt’main hoist and other safety

features of the crane is provided in Reference (1) of the
cover letter. The redundant main hoist and other safety
features are designed to retain the load in a safe position

in.event of a component failure.

Means should be provided for devices which can be used

in repairing, adjusting or replacing the failed component(s)

.or subsystem(s) when failure of an active component or sub-

system has occurred, and the load is supported and retained
in the safe (temporary) position with handling system
immobile. As an alternative to repairing the crane in
place, means may be provided for safely moving the

immobilized handling system with load to a safe lay-down

area that has been designed to accept the load while

‘making the repairs.
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The crane is engineered to preclude‘failures of components
or subsystems when it is properly maintained. The crane
will.be maintained in accordance with manufacturer's in-
structions and ANSI B30.2.0 Which will pfeclude failures
that would réquire speciél devices for repaif,'adjustment
or replacement of a failed qompbnent when handling a load.
However, in the unlikely event of a failure, the plant
staff.is prepared to use methods and devipes required to
place the load in a safe position. Since the type of
failure cannot be predicted, any methods or devices would
have to be determined when the failure occurs. This will
be accomplished by qualified plant engineering and mainte-
nance personnel. Thé>minimum requirementsvfor plant per-
sonnel are outlined in the H. B. Robinson FSAR. Work on
the crane will comply with the H. B. Robinson continuing
Quality Assurance Program which meets the requirements of

10 CFR50 Appendix B.

The design of the crane and its operating area should

include provisions that will not impair the safe

operation of the reactor or release fadioactivity when
corrective repairs, replacements and adjustments are
being made to place.the crane handling system back into

service after component failure(s).
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The crane is located outside the reéctor containment
building and cannot be operated over Qritical safety
systems or equipment important to reactor safety. 1In
the unlikely event a failure‘should occuf (See 2.c‘above)

v

over the cask sit-down area, consideration would be given

for moving the load away from the spent fuel building for

making repairs, replacements, or adjustments.

3. Equipment Selection

CP&L:
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Dual load attaching points (redundant design) should be
provided as part of the load block assembly which are
designed so that each attaching point will be able to
support a statié load of 3W (W is weight of the design
rated load), without permanent deformation of any portion
of the load block assembly other than localized strain
concentration inlareas for which additional material has

been provided for wear.

The dual load attaching points are a sister hook and

concentric.lifting eye attached to a load block. A

description and figure are included in Reference @h)
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bof the cover letter. The sister hook and lifting eye
are each designed to handle a static load not less

than 375 tons (3W).

b. Lifting devices which aré attached to the load block
such as lifting beams, yokes, lédle or trunnion type
hooks, slings, toggles, clevises should be of redundant
desigﬁ with dual or auxiliary devices or combinations
thereof. Each device should be designed to support a

static load of 3W without permanent deformation.

CP&L: The casks and cask lifting rigs discussed in Reference
(1) of the cover lettef are the NL 1/2 truék cask and
the NL 10/24 rail cask. The lifting yokes for these
casks will be of redundant type and designed to support
a static load of 3W without permanent deformation. A
GE IF-300 shipping cask is also being considered as
discussed in Reference (2) of the cover letter. A
study has been initiated to determine the feasibility

of fabricating a redun&ant yoke for this cask prior

to-the'expected shipping date.




CP&L:

CP&L:

14—

Thé vertical hoisting (faising ané lowering) mechanism
which uses rope and consists of upper sheaves (head block),
lower sheaves (loéd block); and rope reeving system, should
provide fbr redundant designed dual hoisting.means. Maximum

hoisting speed should be no greater than 5 fpm.

The redundant hoist system for this crane is discussed

in Reference (1) of the cover letter. The maximum

hoisting speed is 3 fpm.

The head and load blocks should be designed to maintain
a vertical load balance about the center of 1ift from
load block through head block and have a dual designed
reeving system. The load block should maintain alignment
and a position of stability with either system being able
to_supéort 3W and maintain load stébility and vertical
alignment from center of head block through all hoisting

components through the center of gravity of the load.

An approximate 2 1/2 inch shift will occur in the position
of the-loadrblock in event that one rope of the redundant
rope reeving system fails, however, this has no effect'

on the ability of the main hoist to hold the load safely.
Each rope in the redundant reeving system is capable of
holding a static_léad of 3.6 W (W = 250,000 1bs) based on

the rope breaking strength.
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Design of the rope reeving system(s) should be dual with .

/

~ each system providing separately the load balance on the

headrand load blocks through'coﬁfigUration of ropes and
t

rope equalizer(s). Selection of the hoisting rope or

running rope should consider the size, construction, lay,

- and means or type of lubrication to maintain efficient

working of the individual wire s}rands when each section
of rope passes over the individuél sheaves during the
hoisting operétion. The effects of impact loadings, accele-
ration, and emergency‘stops.should be included in selection
of rope and reeving system. The wire rope should be

6 x 37 IWRC or comparable classification. The lead line
stress to the drum during hoisting (dynamic) at the maximum
design speed with the design rated load should not exceed
207% of the manufacturer's published rated strength of

the wire rope. The design rated load for static stress

on rope (load is stationary) should not exceed 12 1/2%

of the manufacturer's published rated strength. Line

speed dqring hoisting (raising or lowering) should not

exceed 50Afpm.

The rope reeving system is a redundant reeving system with

“each rope sharing the load equally through the trolley

sheaves, load block, drum andAequalizer assembly. The
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balanced beam type equalizer aSsembly assures the even

distribution of load between the two ropes. Each rope’

is 1 1/8 inches diameter stainless steél,'6 x 37 1.W.R.C.
with a iay of approximately 7". This rope is selected to
provide good flexibility, maximum strength and minimum
enlongation under load. The rope will be field lubricated
and lubricated periodically to maintain effective working
of the individual wire.stfands. The calculated loadlfor
the lead lines under dynamic conditioﬁs is 20,760 pounds
each with all parts effective which is 17% of the published
strength rating of 118,650 pounds. The design rated load
on the wire rope under static conditions with all 16 parts
effective is 16,500 pounds which is 14.0% of the published
strength rating. The rope design loads provide adequate
safety margin to allow for impact loads. Maximum line

speed during hoisting is 26 fpm.

The maximum fleet angle from drum to lead sheave in the

load block should not exceed 3 1/2 degrees at any one

point during hoisting and should have only one 180° reverse
bend for each rope leaﬁing'the drun and reversing on the
first or lead sheave on the load block with no other reverse

bends other than at the equalizer if sheave equalizer is
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used. The fleet angles between individual sheaves for rope

- should not exceed 1 1/2 degrees. Equalizers may be beam or

sheave type. For the recommended 6 x 37 IWRC classification
wire rope, pitch diameter of'lead sheave should be 30 times
rope diameter for the 180° reverse bend, 26 tiﬁes répe dia-
meter for runnigg sheaves; and drum with 13.times rope dia-

meter for equalizers. The pitch diameter is measured from

" the center of the rope on the drum or sheave groove through

the drum or sheave center. The dual reeving.system may bé '
a single rope from each end of a drum terminating at a

beam type load and rope stretch equalizer with each rope
designed for total load, Or a two rope system may be used
from each drum or separate drums using a sheave equalizer

6r bean equalizér, or any other combination which provides

4

two separate and complete reeving systems.

The maximum fleet angles encountered during the hoisting
cycle are illustrated on the attached Whiting Drawing

T-53326 which shows rope No. 1. Rope No. 2 has identical

fleet angles. These fleet angles are within the ratio of

one to 12, or 4° 45' which is a Whiting Corporation standard
published in 1955 and also appears in Whiting Crane Handbook
published in 1967. Minimum fleet angles are necessary to

keep wear between the rope and sheave at a minimum. The
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4° 45' maximum fleet angle has Eeén established to provide

gobd rope life. Experience with this fleet angle standard

on other Whiting crahes at thg H. B. prinsoﬁ Plant and the
Brunswick Unit No. 2 Plant has shown no wear problem. Whiting
also reports no problems with this fleet angle standard on.their

cranes since the 4° 45' réquifement was published in 1955.

'The only reverse bend in the reeving arrangement is from
the main drum to the lead sheave in the load block, ho;ever,
this reverse bend is not in the category of a reverse ben&
type addressed in the guide. This is because the distance
of the rope between the tangent points on the drum and the
sheave is 9' 4". Tangent points must be close coupled on
less than two lays of the rope in order for the bend to be
considered as a reverse bend. Each lay for the rope is
approximately 7". All other rope bends in the reeving
arrangement over the load block sheaves aﬁd trdlley sheaves
are direc; bend and are not subject to tﬁe effects of
reverse Bending. The trolley sheaves are oriented 90°
from thg'load block sheaves. As the rope passes over
one sheave, the greatest strained fiber will be in a
neutral axis as it passes over the next sheave oriented

,

90°. The design of this reeving system has the effect of
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incfeasing the life of the rope. bThe point of tangency
between the load block shéaves and the trolley sheaves

is abproximately 9' which eliminates.any possibility of
reverse bends even if the sheayes were oriented to achieve

reverse bends.

Sheave diameters are shown on the aﬁtached Dwg. T-53326.
The sheave diamgters meet the minimum reduirements of

CMAA #70. The sheave diameters are selected to be con-
sistent with experience and to keep the flexing stress

from becoming excessive. Thé trolley and hoisting arrange-
ments are shown on attached Whiting Drawings U-70624,

U-70625, U-66666, T-53326 and T-53327.

The number of cask handiing operations (8 lifts per
operation) which can occur prior to.rope failure has

been calculated to be 2500, Neglecting the effects of
wear, the ropes will last for 400 years or 20,000 capacity
lifts. These calculafions are based on examinations of
test data from Drucker and Tachar who found that the

Best correlétion to rope life is based oh the relation

between the bearing pressure of the rope on the sheaves
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and :hé fatigue stfength of the wire. It should be

nbted that 2500 cask opefations or 20,000 capacity 1ifts<

provide a very‘conservative design due to the following:

i. Acfual cask shipments over the 40-year life of the
plant using.a 10 element cask will be 212 or less
than 1/10 of thencalculated,life of the rope when

neglecting the effects of wlar.
2. The actual loaded cask wéight including lifting yoke
will be approximately 110 tons. The rope life cal-

culations were based on 125 tons.

3. Calculations were based on a sheave diameter to rope
diameter ratio of 24 to 1. Most sheave diameters are

larger as illustrated on Drawing T-53326.

4., The calculations were based on the maximum fiber
stress occurring each time the rope passed over a
sheave. Since trolley sheaves are oriented 90°

from the load block sheaves the maximum fiber stress

only occurs on alternate sheaves for a given fiber.




5,

-21-

Calculations were based on 6 x 37 wire rope. Actual
rope used is 6-x 37 I.W.R.C. wire rope which has

better fatigue life.

Failure of a rope due to wear is considered very unlikely

due to the following:

. The ropes are operated in a nonabrasive atmosphere.

Fleet angle requirements are consistent with good
design practice and confirmed by operating exper-—

ience resulting in no problems.

Inspection and maintenance of the crane are performed
uﬁdef a Quality Assurance Program which méets the
requirements of 10 CFR50 Appendix B. Under plant
procedures the ropes will be inspected to assure _
compliance with ANSI B30.2.0 and the manufacturer's
instructions. These reduirements are listed for

information as follows:

ANSI B30.2.0

a. All rumning ropes in continuous service should

be visually inspected once every working day.
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. A thorough inspection of all ropes shall be

made at leaét once a month and a full written,
dated and signed report of rope condition kept
on file whefe readily avéilable to appointe&
personnel. All inspections shall be performed-
by an appointed or authorized person. Any
deterioration, resulting in appreciable loss

of original strength such' as described below,
shallvbe carefully noted and determination made
as to whether further.use of the rope would con-

stitute a safety hazard:

(1) Reduction of rope diameter below nominal
diameter due to loss of core support, internal

or external corrosion or wear of outside wires.
(2) A number of broken outside wires and the
degree of distribution or concentration of

such broken wires.

(3) Worn outside wires.

" (4) Sections of rope which are normally hidden during -

inspection or maintenance procedures, such as
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parts passing over sheaves, should be given
close inspection as these are points most likely

to fail.
(5) Corroded or broken wires at end connections.'

(6) Corroded, cfacked; bent, worn or improperly

applied end connections.
(7) Severe kinking, crushing, cutting or unstranding.

All rope which has been idle for a period of a
month or more due to shutdown or storage of a
crane on which it is installed shall be given
a thorough inspection before it is placed in
service. This inspection shall be for all tjpes
of deterioration and éhall be pefforméd by an
appointed or-authorized person whose approval
éhall be required for further use of the rope.
-A written and dated report of the rope condition

‘'shall be filed.

Whiting

Replacement of the rope should be considered when

any of the following conditions have occurred.
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2).

(3)

(4)

(5)
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Twelve randomly distributed broken wires in one
rope lay, or four broken wires in one strand

in one rope lay.

Wear of one-third the original diaméter of -

outside individual wires.

Kinking, crushing, bird caging or any other
damage resulting in distortion of the rope
structure.

Evidence of any heat damage from any cause.

Reductions from nominal diameter of more than:

3/64 inch for diameters to and including 3/4. -

inch;'l/16 inch for diameters'7/8 inch to

1 1/8 inches inclusive; 3/32 inch for diameters

1 1/4 inches to 1 1/2 inches inclusive.

The portions of the vertical hoisting system components,

which includes the head block, rope reeving system, load

blbck, and dual load attaching device, shouid each be

designed to sustain 2007 of the design rated load. Each
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réeving system and each one of the load attaching devices
should be assembled with-approximately a 6~inch clearance
between head and load blocks-aqd should support 2007 of‘
the design rated load without permanent deformation

other than localized strain concentration or degradatiop
“of fhe components. A 2007% stagic type load test should
be performed for each reeving 51stem and a load attaching
point at the manufacturer's plaﬁt. Measuremeﬁts of the
geometric configuration of the attaching points should be
made before and after test followed by nondestructive
examination, which should consist of combinations of
magnetic particle, ultrasonic, radiograph, and dye
penetrant examinations to verify the soundness of
fabrication and assure the integrity of this portion of
the hoisting system. The results of examinations should
be documented and recorded for the hoisting system for

each overhead crane.

CP&L: Each poftion of the redundant hoisting components is
designed to sustain not less than 250% of the design

rated capacity.,

A 200% load test will not be performed at the manufacturer's

plant in view of the following considerations.
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1. It-is very unlikely that component failufeé would*
occur during a 200% ﬁest, and the test could producev
.a negative effect. It ig possible that teéting'at
twice the normal rating could precipitate a failﬁre;
initiating mechanism such as a nondetectable érgck
which would act as a subsequent stress riser leading
to an eventual failure. Testing at lgsser loads such
as the ability of the hoist /to perform at its design
rating while reducing the probability of initiating a
failure mechanism. Whiting does not recommend a 200%

load test.

2. Verification of the adequacy of the crane to make
rated capacity lifts without deformation or failures

is demonstrated by the following tests:

a. A 2007 capacity load test has been performed
on the sister hook and the lifting eye which

makes up the redundant main hook.

b. A 1257 capacity load test will be performed
on the installed crane as required by ANSI

B30.2.0

h. Means should be provided to sense such items as electric

current, temperature, overspeed, overloading and overtravel.
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Controls should be ﬁrovided to stop the hoisting movement

- within 3" maximum of vertical travel, through a combination

of electrical power controls and mechanical braking systems

and torque'controls, should one rope or one of the dual

_reeving systems fail.

All electric systems required fo} crane movement are
protected by three 80 amp fuées.: The control circuit is
protected by £wo 20 amp fuses. All motors are protected
by current sensing overload relays. A slack line and
overload sensing arrangement is designe& into the trolley
to stop hoist motion in event of a slack line or overload
condition. The main hoist is protected by two centrifugal
overspeed switches. Hoisting motion will stop within 3"

when power is interrupted to the hoist motor.

The control systems should be designed as combination
electrical and mechanical and may include such items as
contréctors, relays, resistors, and thyristors in combina-
tidn,with-mechaﬁical devices and mechanical braking systems.
The electric controls should be selected to provide ;

maximum breakdown torque limit of 175% of the required-

‘rating for a.c. motors or d.c. motors (series or shunt
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wound) used fér the hoisting drive motor(s). Compound
- wound d.c. motors should ﬁot be used. The control éystem(s)
provided should consider hoisting (raiéing and iowering).
of all loads, includiné the maximum design rated load,
and the effects of the inertia of the rotating hoisting |
v machinery such as motor armaturé, shafting and coupling,
gear reducer, and drum.
.CP&L: The control system for the crane is shown on the attached
Whiting Drawing U-71279. The brakes are disqussed in
Reference (1) of the cover letter. A control to limit

the breakdown torque to 175% of the motor rating is

unnecessary due to the following:

1. The criteria and material selections provide mechanical
parts capable of handling stall torque of the motor
as limited by controllers to approximately 275% of rated

motor torque, without producing stresses in mechanical

parté in excess of 90% of the material yield strength.

2. The overload device stbpé the hoist when hook load

exceeds its calibrated setting.

The control system is designed to handle all hoiéting

~operations at rated load including the effects of inertia.
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The ﬁéchanicél and.structural cqﬁponents of the complete
hoisting system should have the required strength to

resist failure should the hoisging system "two block"

or the load hangup during hoisfing. The designer sﬁould
provide means, within the reeving system located on the
head or on the load block combinations, to absorb the
kinétic energy of rotating machinery at the instant of

"two blocking'" or load hangup. 'The location of mechanical
brakes and their controls should provide positive, reliable,
and capable means to stop aﬂd hold the hoisting drum(s)

for the conditions described in the design épecification
aﬁd regulatory positions 1.0 and 2.0. This should include
the maximum breakdown torque of the driving motor if a mal-
function occurs and power to the driving motor cannot be
shut off at the time of the emergency condition of load

hangup or "two blocking'.

Although the mechanical and structural components are de-

'signed such that failure is unlikely in the event the hoisting

system should "two block" or hangup, the control system is de-
signed to prevent this from occurring. Two blocking is pre-
vented by the use of two independent limit switches. _One is

a weight type’switch which stops the hoist when contacted

by the load block. The second is a screw type limit
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sﬁitéh actuated by.revolutions of the drum. A.two—
blécking situation could cause séme damage to the slack
line and overload sensing device. Since control protection
- 1s designéd into the crane to prevent twovblocking, a
kinetic energy absorber is unnecessary. Also, the cfane

| will be operated in accordance\with ANST B.30.0 thch
states that "the hoist limit sw%tch which controls the
upper limit of travel of the load blbck shall never be
used as an oéerating control". In event of a load hangup,
the-hoist motor is deenergized by the overload sensing

device.

Brakes are described iﬁ Reference (1) of the cover letter.
Each main hoist electric stopping brake is designed to
hold 2227 of rated motor torque. The electric brakes
release when the main hoist motor is enefgized and auto-

matically set when the hoist motor is deenergized.

Since two blocking is prevented by limit switches and
oﬁerator.action and load hangup trips the overload
sensing device, and in vie& of the fact that the electric
brakes do not operate independently of the hoist motof,
it ié unnecéssary to design the brakes for rated break-

down torque of the motor.
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The load hoisting drum on the trolley should be provided

with structural and mechanical safety devices to prevent
the drum from dropping, disengaging from its holding
brake system, or rotating should the drum of any portion

of its shaft or bearings fail or fracture.

A structural safety device is considered unnecessary to

prevent the drum from dropping since the drum is designed

with a safety factor of eight based on ultimate strength

and considering combined stress from bending and crushing.

In the unlikely event of é failure of a drum bearing or
shaft~on_either side of the drum, a receptacle built
into the trolley frame on both sides of the drum will
come into contact with the drum hub to prevent the drum
from falling. The drum will not rotate or disengage
from its holding brake system due to the redundant

design of the main hoist system.

To precldde excessive breakdown tordue the rating (HP)
of the electrical motor drive for hoisting should be
no more than 107 greater than the calculated design HP

required to hoist the design rated load at the maximum-

. design hoist speed.
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The calculated power requirements for the main hoist
motor at full speed with réted load is 34.4 HP. The
motor selected for this application is rated af'40

HP or 147Z more than.the calculafed requirement. Ex-

cessive breakdown torque is not a problem with this

crane as discussed in the CP&L response to 3.1 above.

The minimum hoisting braking system should include one
power control braking system (not mechanical or drag
brake type) and two mechanicél holding brakes. The
holding brakes should be activated when power is off

and should be automatically mechanically tripped on
overspeed to the full holding position if malfunction
occurs in the electrical brake controls. Each holding
brake should be designed to 125% - 150% of breakdown
torque at point of application (location of the brake in
the mechanical drive). The minimum design requirements
for braking systems that will be operable for emergency
lowering after a single brake failure should be two
holding brakes for stopping and controlling drum rotation.
Provisions should be made for manual operation of the

holding brakes. Emergency brakes or holding brakes which

. are to be used for manual lowering should be capable of

operation with full load and at full travel and provide

adequate heat dissipation. Design for manual brake opera-

- tion during emergency lowering should include features to

’

limit the lowering speed to less than 3.5 fpm.
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The main hoist braking system includes two electrical
stopping-and holding brakes (Whiting type 13" SESA)

and two mechanical control brakgs built into each‘main
hoist reduction gear (Whiting Type #25). Oﬁe:ation of the

brakes is described in Reference (1) of the cover letter.

A requirement to have a minimum of two holding brakes

for emergency lowering after a éVngle brake failure is
unnecessary. Each of the four brakes (two hol&ing,

ﬁwo control) on the main hoist system are designed to

hold the load at any point and can be manually operated
for stopping and controlling drum rotation. Therefore,

in event of any single brake faiiure, there are three
other brakes available for stopping and controlling the
load. The mechanical load brake employed as the power
control brake is the most positive and, consequently, the
best form of braking means that can be employed for reten-
tion of the load under all circumstances including power
failure. The action of the load locks the brake and stops
the load. Positive direction must be given by the motor
apd confrbl systems to continue lowering. Abmalfunctién
6f the components upstreaﬁ df the load brake, including a

mechanical component failure, will stop and hold the load.

. A1l brakes are capaBle of operation at full load and full

travel and provide adequate heat dissipation. Lowering

speed during emergency lowering would be less than 3 fpm,

" as monitored by operating personnel.




‘ : ‘ —34—. o ‘

" n. The d&namié and static alignment of all hoistiné machinery
cdmpoﬁents including gearing, shafting, coﬁplings, and
bearings should be maintaiﬁed thréughout the range of
loadé to be lifted with all éoméonehts ﬁositioned and
anchored oﬁ the trolley machinery platform. |

CP&L; " Alignment of all machinery willibe verifigd during 6pera—
tional tests following installat%on.A'FreQuentAinspections
will be performed as required by‘ANSI B30.2.0 to dgtect

any deficiencies.

o. Increment drives for hdisting may be prévided by stepless
coﬁtfols or inching motor drives. Plugging should not
be permitted. Controls-to prevent plugging should be
included in the electrical circuits and the control system.
Floating point ig the electrical power system when required
for bridge or trolley movement should be provided only

for the lowest operating speeds.

CP&L: The ﬁain hoist motor is controlled by a magnetic con-
troller ts provide selected speeds for hoisting or lowering
by means of variance of the‘motor secondary currents
through resistors. This gives the motor five steps of

control for either hoisting or lowering with each step

providing a speed change of approximately 20% of the
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full épeed when handling the cask. This type of step
control pfevents the momentary application of full line
power to the motor (plugging)'sfnce the controller must _

pass through all five steps to apply full motor torqﬁe.

.Floating points are not used on this crane.

1

To avoid the possibility of over%orque within the control
system, the horsepower rating of the driving motor and
gear reducer-forvtrolley and bridge motion of the overhead
bridge crane should not excéed 110% éf the calculated HP
requirement at maximum Speed and with désign rated load
atgadhed. Incremental ér fractional inch movements when
required should be provided by such items as variable
speed or inching motor drives. Control and holding brakes
should each be rated at 1007 of maximum drive torque at
the point of application. If two mechanical brakes are
provided, one for control and one for holding, they should
be adjusted with one brake in each systemvfor both the
trolieyland bridge leading the other and should be activated
by.releasé or shutoff of power. The brakes should also

be mechanically tripped to éhe "on" or "holding" position

in the event of a malfunction in the power supply or an

overspeed condition. Provisions should be made for manual

operation of the brakes. The'holding brake should be

designed so that it cannot be used as a foot-operated
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élowdown brake. Drag brakes should not be used. Opposite
wheels on bridge or trolley which support bridge or trolley
on their runways should be matched and have idéntical diaf
meters. Trolley and bridge spéed should be limited. A
maximum speed of 30 fpm for the trolley and 40 fpm-for ;he

bridge is recommended.

The calculated power requirement iﬁcluding acceleration
coﬁsiderations for the trolley drive motor is 4.32 EP. The
motor selected for the trolléy drive is rated at 5 HP which
exceeds the calculated.réquirement by 14%.- The calculated
power requirement including acceleration considerations for
the bridge drive motor without wind is 10.7 HP. The motor
selected for the bridge drive is rated at 15 HP which exceeds
the calculated requirement by 307 without wind. Under a wind
load the calculaﬁed requirement is approximately the same as

the motor rating.

Both the trolley and bridge drive motors are controlled
by'magnétic controllers to provide selected speeds for
forward and reverse by means of variance of motor secondary

currents through resistors. Each motor has five steps-of

. control in both directions with each step providing a speed

change of approximately 20% of the full speed while handling
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the cask. Controi brakes are not réquired for bridge and
trolley since (a) speed is not increased by application of
load, aﬁd-(b) motors are AC motor which qpefate at essentially
constant‘speeds. The-holding brake for the trolley is
rated at 1007 of.thé rated motor tordue. The‘ﬁolding.
.Brake‘for the briage is rafed at 128% of rafed motor torque.
These brakes meet the féquireménts.of ANSTI B30.2.0 and

CMAA #70. A description.of brake operation for trolley and
bridge is included in Reference (1) to the co&e} letter. |
Botﬁ brakes can be operated manually. The holding brake
for the bridge is a foot-operated brakeias described in
Reference (1) to the cover létter; This brake-has an
automatic electric parking brake feature which operates

ény time power is interrupted to the crane. CP&L has

found this type of brake on other zranes to be desirable

as it provides smooth controlled stopping of the bridge.
Excessive wear hés been found not to be é proBlem on

Class A cranes as defined by CMAA {#70.

. Maximum'épeed for the trolley is 40 fpm and for fhe bridge
60 fpm; The magnetic controllers for the trolley and bridge
provide minimum speeds of approximately 8 fpm and 12 fpm,
réspectivély. Operating experience §n thevinstalled crane

with the above-referenced maximum'speeds proved to be

acceptable for service.
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The complete operating control'systeﬁ and provisions for
emergency controls for the overhead crane handling system
should be .located in the main cab on the bridge. Additional
cabs located on trolley or lifting devices should have
complete control systems similar to thé bridge éab. Manual
.éontrdls for hoisfing and'trolley movement méy be provided

on the trolley. Manual controls fdr the bridge may be

- located on the bridge. Remote control or pendant control

for any of these motions should be identical ﬁo those
pro&ided on the bridge cab control panel. Provisions
and locations should be provided in the design of the
control systems for devices for emergency control or

operations.

Limiting devices, mechanical and electrical, should be
prévided to indicate control and prevent overtravel

and overspeed of hoist (raisiﬁg or lowerihg) and for both
trolley and bridge travel movements. Buffers for bridge

and trolley travel should be included.

All controls are located within the cab on the bridge.
Limiting devices have been discussed elsewhere in this
attachment and in Reference (1) to the cover letter.

Buffers have been provided for both bridge and trolley.
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r. Séfety devices such as limit type switches provided for
malfunction, inad&ertent operation, or failure, should
be in addition to and separate from the limiting means or
devices provided for operatioh as mentionéd in the pfeceding.
These would iﬁclude buffers, bumpers and devi;eé of means’

provided for control of malfunction(s).

CP&L:l_ The foilowing safety devices have been provided:
(l): Mechanical stops for bridge and trolley.
(2) Limit switches fo? hoisting

(a) Slack.Cable
(b) Overload
(é) Hoist Limit - Weight Type
(d) Hoist Limit - Screw
. (e) Critical Path Limits During Cask Movement
(f)  Equalizer Unbalance
(g) Lower Limit |

(H)_ Overspeed - 2 Switches
(3) Limit switches for trolley

(a) Critical Path

(b) End of Travel
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(4) Limit switchs for bridge
(a) Critical Path
The operating requirements for all travel movements

(vertical and horizontal moveménts or rotation, singly

or in combination) incorporated in the design for the

-permanent plant crane(s) should be clearly.defined in

the operating manual for hoisting and for troiley and.
bridge travel. The designer should establish the maximum‘
working load (MWL). The MWL should not be less than 85%

of the design rated 1oéd (DRL)'capacity for»the'new crane
at time of operation. The redundancy in design, design
féctors, selection of components, and balance of auxiliary-
ancilliary and dual items in the design and manufacture
wili provide or dictate the maximum working»load for the
critical load handling crane s&stem(s). The MWL should

not exceed the DRL for the Overhead Crane Handling Systemn.

The operéting requirements for all movements are provided
in the operation and maintenance instructions provided
with the crane. The maximum working load has been

established as the crane capacity or 125 tonms.
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When the permanent plant crane is to be used for construc—
‘tion and the operating requirements for construction are

not identical to thosé required for permanent‘plant servicg,
the construction operating requirements should be completely
defined separately. The crane should be designed stfucturally
andimechanically for the const;uction loads, plaﬁt'service
loads and their functional perfrrmance requirements. At

the end of the construction per&od,'the crane-handling
system should be adjusted for the performance require-

meﬁts of the nuclear’powef plant service. The design
requirements for conversion or adjustment may include

the replacement of such items as motor drives, blocks,

and reeving system. After construction use, the crane
'should be thoroughly inspected, using nondestructive
examination, and performancé tested. If the load and
performance requirements are different for construction

and plant service periods, then the crane should be

tested for both phases. Its integrity should be verified

by designer and manufaéturer with load testing to 125% of
the»deéign ratéd load required for the operating plant

before it is used as permanent plant equipment.

The feplacement crane will not be used for construction.
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‘Installation instructions should be provided by the

manufacturer. These should include a full explanation
of the crane handling system, its controls and the
limitations for the system and should cover the require-

ments for installation, testing, and preparations for

operation.

Installation instructions and operation and maintenance
iﬁstructions havé been provided by the manufacturer which
includes a full explanation of the crane handling system,
its controls, limitation for the system requirements for

installation testing and preparations of operation.

4. Mechanical Check, Testing, and Preventive Maintenance

a.

A complete mechanical check of all the crane systems as
installed should be made to verify the method of install-
ation and to prepare the crane for testing. During and
after installation the proper assemBly of electrical and
structurél components should be verified. The integrify
of all control, operating,'dﬁd safety systems should be

verified as to satisfaction of installations and design

. requirements,
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The crane designer and crane manufacturer should provide
a manual of information and procedures for use in checking,

testing and crane operation. The manual should also

- describe a preventive maintenance program based on the

approved test results and information obtained during the
testing; it should include sucﬁ items as servicing, repair,
and replacement requirements, v}sual examinations, inspec—
tions, checking, measurements, broblém diagnoéis, nonde-
structive exémination, crane performance testing, and special

instructions.

Iﬁformation concerning proof testing on components and
subsystems as required and performed at the manufacturer's
plant to verify components or subsystems ability to perform
should be available for the checking and testing performed

at the place of installation of the crane system.

The manufacturer has provided necessary drawings, installation
instrucﬁions, operation and haintenance instructions, proce-
dures aﬁd Qualify Assurance Documentation and will provide

é service representative fo;assure complete mechanical
checks, correct installation, complete testing, system
integrity, operation instructions, preventative mainte-

nance instructions, servicing, repair and replacement

instructions and information concerning proof testing,
performance testing, nondestructive examination and material

certifications at the manufacturer's plant,
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The_cfane system shéuld be preﬁafed for thé static test of
125% of the design rated 1éad. The tests should include
all positions of hoisting, ldwefing, and trolley and bridge
_travel with the 125% rated load and other bositions

as recommended by the designer and manufacturer. Aftér-
satisfactory coﬁpletion of the iZSZ static test and‘adjxst-
ments required as a result of tﬁe test, the crane hén&ling
system should be given full performaﬁce tests with 1007 of
the design rated load for all speeds and motions for which
the system is designed. This should include verifying all
limiting and safety control devices. Tﬁe crane handling
s&stém with the design rated load should demonstrate its
ability to lower and moﬁe the load by manual operation and
with the use of emergency operating controls and devices

which have been designed into the handling system.

The complete hoisting machinery should be able to "two
block" during the hoisting test (load block limit and

safety devices are bypassed). This test conducted with

ana withéut load should provide assurance of the integrity
of the design, the equipmené, the controls, and the overload
.protection devices when the maximum torque that can be‘de—

. veloped by fhe driving éystem, including the inertia of

the rotating parts at the ovefspeed and overtorque condition
existing at the insfant of full load'stalling and impact,

is applied;
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A static test of 1257 of ;he desigﬁ rated loa& will be per-
formed as required by ANSI B30.2.0." All movements of the

crane.will be checked with thé test loéd. Full performance
tests withAIOOZ of design rated capacity will be performed

on the main hoist for allvspeeds. Operation of the upper .

limit switcheé will be verifiga during this test. The

ability to lower the load by manual operation will be verified.

A two Blocking test will not be performed and is not necessary

since adequate safety limit switches have been incorporated
into the design to prevent two-blocking. See CP&L position

3.j above for a discussion on two-blocking.

The preventive mainteﬁahce program recommended by the
designer and manufacturer should also prescribe and
establish the MWL for which the crane will be used.
The»maximﬁm working load should be plainly marked on
each side of the crane for each hoisting unit. . It ié
recommended that the critical load handling cranes
should be continuousl& maintained at 957 of DRL capacity

for the MWL capacity.

The crane will be maintained in order to operate at its

design rated capacity of 125 tons.
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