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1.0 Introduction 

The Fuel Retrieval System (FRS) Subproject at Hanford’s 100 K basins Spent 
Nuclear Fuel Project has employed robotic arms (named Konan) to load fuel 
elements into long term storage baskets. 

One Konan uses a fuel handling tool (“stinger tool”) to load outer %el elements 
into the %el baskets. The stinger is inserted inside an outer fuel element after the 
element is placed vertically in a go-no-go gage, used to determine ifthe fie1 can 
be loaded into an MCO basket socket. The Schilling supplied stinger operates by 
expending an elastomer spring inside the outer fuel element. The spring is 
actuated in its expanded mode when the Konan jaws are opened. The spring‘s 
expansion exerts enough force against the inner diameter of the element’s wall 
that it can be lifted. 

Use of the Schilling stinger tool in FRS testing and training proved to be 
inadequate for the expectd throughput requirements. TBip design package 
provida a new stinger deuign that will meet requirements listed in this document. 
The new design will incorporate Schilling’s design for attaching the stinger to the 
Konan. 

2.0 Scope 

2.1 Objdvea 

This daspa padtsge documents design, fabrication, and testing of new stinger 
too1 ddgn. Future reviclioas will document M e r  development of the stinger 
tool and iacorporate various developmental stages, and final test results. 

2.2 Product~Ddivered 

R&b &om thin package will deliver the following: 
Doarmmtll 
a) pundions md requirements, analysis, graphid depictions, test 

epecifications, teat procedures, and final test reports 

b) W o r d  formatted drawings and ECN/modifications to vendor information 
files 
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c) Acceptance test requirements for production units 

d) Vendor information 

Hardware 
a) Prototype stinger tool 
b) Final stinger tool 

3.0 Brief Description of Problem 

Thc actuation mechanism of the stinger provided by SchiUiog, is pnmaturely 
failing due to loads it endures under normal basket loading conditions. High 
coltccllltrated stresses exceed the yield strength of the actuation mechanism, which 
caum deformation and eventual failure. The actuation mscbanism is a push-pull 
cable type device. It consists of a wire rope sliding through a *braided sleeve. 
When the Konan jaws are opened, a lever arm attached to the sleeve pushes the 
sleeve over the wire rope. The sleeve applies a compressive force to the urethane 
spring that causes the spring to expand The elastomer spring stpansion applies a 
force agaiust the inner wall of the &el element, which enables the kel dement to 
be W. A &el deanant will be lifted, as long as the frictionaforoee between the 
Wg of& denmt and the elastomer spring are not overcome by the weight of 
the fuel dement. See vendor information file CVI 50062, drawing number 101- 
3737, by GEC Alethrom, for graphical depiction of the Schilling stinger. 

4.0 Products Requirements and Constraints 

-i-P l%phnents/crite.ria for the Spent Nuclear Fud Project Fuel 
Retr id  subproject are in HNF-S-046 1, $uecification For &,&a Of The SNE 

Subvroiect,. The following additional requirements apply 
S p e C h d l y  to the stinger tool. 

4.1 DimenrimnVPhysical Constraints 

a) Stinger will pick up an outer &el element that is placed in the vertical 
position but not be required to pick up an inner &el element. 

b) Length of the actuator mechanism is approximately 18 + 2, -0. inches 
but will be determined by testing through successll loading Of an 
dummy outer &el element into an MCO basket. 

c) Stinger end-&ector must be able to accommodate the following 
dimenSi0nS: 

Fuel Elementg 
0 Outer &el element maximum inside diameter: 1.779 inches. 
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Outer fuel element minimum inside diameter: J .691 inches. 
(Dimensions taken from drawing number H-1-39775) 

Assume outer fuel element weighs approximately 35 Ibs. in air. 
Reference HNF-SD-SNF-TI-009, rev. 2, esi 
Basis Feed Descriution for Suent Nuclear Fuel Project Facilities. 

Based on the above information, the design parameters are the following: 

a) Stinger can pick up fuel elements weighing 35 Ibs. (dry weight) with 
inside diameters ranging from 1.64 to 1.9 inches. 

b) Stinger can pick up a fuel elements weighing 35 Ibs. (dry weight) 
when its end-effector is inserted in the element a minimum of .25 
inches. 

4.2 Environmental Constraints 

a) Stinger material must be able to withstand the ei€ects of a high 
radiation field of 40 re& for 90 days. This value is a conmvative 
interpretation of BNFL Inc. Report LB-SD-SNF-WT-04, 
&rriolopial Shieldinp Desim Plan for the F uel Retrieval 
m. 

b) S h j p  shall be submersible in deionized water at a temperature of 50 
OF for ita design life. 

4.3 Operational Requirements 

a) Stinger should operate for a minimum period of 3 months assuming 3 
shifts per day, 7 days a week, and process about 140 fiel assemblies 
per day. The stinger life expectancy should be 90 days, based on these 
aSSUmptiOnS. 

b) Stinger shall be able to operate under 7-20 feet of water. 

c) Stinger actuation design shall take into account the following possible 
forces induced on it in the various directions: 

e A tensile force due to lifting the fuel element (approximately) 
35 Ibf dry weight. 

e A compressive force due to placement of element. Actual 
amount of force is unknown and may vary with the stinger 
design. However, an estimated maximum force is about 400 
Ibf. 
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0 A lateral force due to inserting the stinger in the element, 
rotating the he1 basket, and placing an element inside the 
basket. Actual amount of force is unknown. 

d) Stinger shall be able to be inserted in a fuel element and used to rotate 
the fuel basket. 

e) Stinger tool shall be flexible enough to hang plumb when being 
inserted into an element and when trying to insert an elemeat into a 
fuel basket. The design needs to accommodate a free motion of the 
block 2 6 inches in a hemispherical direction. 

9 Stinger shall not cause damage to the camera or hinder wrist 
movement when wrist rotates. Upon wrist rotation, it is desired that 
the stinger hangs with a tip to toe distance of 1 foot. 

g) Stinger will not be used to pull fuel from a canister 

h) Stinger should account for potential snags that could produce a load of 
350 Ibf in tension. (This reemphasizes requirement 4.3 C). 

4.4 Maintenance Requirements 

a) Stingers will be thrown away unless there is an inexpensive method 
for replacing failed parts. 

b) The Schilhg supplied stinger block that attaches the stinger to the 
KO- arm shall be used as a part of any new design. The block has 
been designed for easy attachment and removal from the Konan and it 
has been accepted by Operations. 

c) Stinger shall be W y  retrievable if it fails when inside a fuel element. 
Note: Thfs requirement was not incorporated in the value anaIysis 
err;rhraion of the design but was accounted for in fhe designs. 

4.5 Applicable Laws, Regulations, and Standards 

Appb&e Fluor Daniel W o r d  Engineering and SNF Project procedures 
rhall be usad for documenting development stages of design, reviews, and 
approvain ofsagineerins documents. 
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4.6 Additional Objectives 

These objectives are to be considered when evaluating prototypes that 
meet all the requirements but need additional reasons for determining the 
best design. 

Fabrication cost 
Higher life expectancy 
Takes abuse well 

Minimaltrainingrequired 
Operator preference 

Handles better/ minimal aligning required for deployment 

5.0 Development of Product 

5.1 Management of Task 

5.1.1 Engineering 

EnginssrinS will be done using a team made up of stefffrom Fluor 
Federal Services, Cogema, and Pacific Northwest National 
Labontories. Documents will be approved by Fluor W o r d  Inc. 
Fuel Retrieval System Design Authority(s). 

5.1.2 Procurement 

D c v d o p ~ t a l  materials will be procured using credit cards from 
Numatec, Cogema, or Pacific Northwest Laboratories. Final parts 
will be ordered using appropriate Quality levels as directed by the 
Design Authority(s). 

5.1.3 Initial Project Fabrication and Construction 

Fluor Federal Services will be responsible for maaging final 
fabrication and DynCorp or HAMTC personnel will be responsible 
for final construction. The FRS Project Manager will determine 
use of another contractor for managing the fabrication as required. 

5.1.4 Prototype 

Pmtotypea will be assembled using Fluor Federal Services, 
Cogema, and Pacific Northwest Laboratories. The Engineer in 
charge will maintain redline control of prototype fabrication 
drawingdsketches. Prototype testing and test results will be 
documented by the FRS test engineer. 
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5.2 Discussion of Development 

Operational testing of the Schilling stinger tool revealed that the tool had 
to be modifled significantly for long-term use. See previous revisions of 
this document for a history on what was done to reach this determination. 

The first modification made was a replacement of the large elastomer 
spring. Operational testing showed that the stinger tool needed to lift an 
outer element only and that the inner elements would be loaded with the 
jaws. This led to modifications accommodating outer elements 
exclusively. Based on engineering experiences with similar devices, it 
was decided to use an expanding collet rather than the elastomer spring. 
Mer prototype testing several collets with various materials, Inconel 718 
gave the best results. It has a yield strength of 170 ksi if heat treated, 
which proved to provide the collet with necessary spring properties. 

The collet is a split tube with concentric internal angles on either side. 
The collet expands when two stainless steel conical end pieces, cut to the 
same angle as the collet, are forced into the collet. The dual pieces cause 
the collet to uniformly expand which helps prevent it from deforming if it 
is inserted only partialy into an element. 

Operatid testing also demonstrated us of the Schiuhg mounting block 
that COM&S the stinger to the Konan and its ease of removal. A separate 
tool wan devdoped to remove the block and can be found on drawing H-l- 
83905, “K-Baain FRS Konan Manipulator Fuel Tool Extractor Device”. 

Observation of the failed Schilling tool and other prototypes showed that 
faihus occurred primarily in the actuation mechanism that expands the 
collet. A team consisting of Operations, Engineering and Technicians 
were aJssmbltd to evaluate the problem. The team refined the stinger 
requiremSata (refinements have been incorporated in section 4.0) and 
brainstormed 7 solutions. Solutions can be found in Appendix F. The 
team decided that the final design should use the collet design with the 
SchiUing mounting block and concentrate efforts on modifying the 
actuation method. Several solutions were brainstormed and then evaluated 
using a value analysis process 

A value analysis process ranks the criteridrequirements of the tool and 
svaluates them against each potential design (with what knowledge is 
known about the design). The designs are then ranked based on the 
highest score it receives. Analysis documentation including the Criteria 
Matrix, Evaluation Matrix, and the Criteria can be found in Appendix F. 
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The value analysis showed the design most able to meet the requirements 
was the reverse acting design that has the collet normally expanded. The 
actuation mechanism is used to relieve the expansion when the jaws are 
opened. The second ranked design uses self-contained hydraulics as a 
means for actuation the collet. This design uses water as its hydraulic 
fluid. The third ranked design is a modification of the existing style with a 
cable inside a sheath for its actuation. 

Fluor Federal Services(FFS), Cogema (COE), and Pacific Northwest 
National Labs (PNNL)each took one of the three designs and built a 
prototype for testing. P W s  design modified the Schilling stinger, FFS 
design implemented a stinger using hydraulic actuation, and COE's design 
used a reverse actuation style. The PNNL tool was finished first and was 
tested on the Konan for the longest time. It was chosen by Operations to 
be used in the basin. See Section 5.3 for a discussion on how the tools 
were evaluated. See Appendix A for pictures of the designs. 

Final designs were documented on drawings. The Hanford retrieval 
numbers for them are: 
PNNL design H- 1-8484 1 
COE design H-1-84843 
FFS design H-1-84839 

5.2.1 SketcheslDrawings 

All graphical depictions will be found in Appendix A. This Appendix 
contains the following: 

Sketch of test setup 
Pictures of designs and test setup 

5.3 Verification of  Product Design 

Verification of the stinger modifications were done through prototype 
testing. The testing verified featuredrequirements listed in section 4 of 
this document. Upon satisfaction of a prototype, the design(s) will be 
documented using an H-1- series drawing and a final tool will be 
fabricated from a released drawing. Final design verification tests will be 
performed per the attached verification test specification and attached in 
Appendiv D. Acceptance testing of fabricated stingers to be used in the 
basin will be done to confarm that the tool was fabricated correctly and 
that it still operates like the prototype stinger. This testing will be done 
before being used in the field. 
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5.3.1 Analysis 

5.3.1.1 Calculations 

There were no calculations done 

5.3.1.2 Testing 

Each design underwent testing as apart of its verification. This 
testing was to include a consistent evaluation, (as discussed in the 
previous revision). Due to lack of funding and time constraints, 
the evaluations consisted of minimal operation time on the Konan 
and placing the tools on cyclic machine. Consequently, the 
evaluation sheets were never filled out. 

AU three designs were placed on a cyclic machine that continually 
actuates the collet. Each design successfidly underwent 50,000 
plus cycles and still operated after testing was complete. During 
the test, the collet’s diameter was measured in the rlly actuated 
and nonactuated position. Minimal degrading was observed in any 
of the designs. The reverse actuation (COE’s deaiga,) did 
encounter significant wear issues but were overcome by a better 
choice of materials. The other two desigaa worked near almost 
flawlessly. Significant changes noted were documented in a 
logbook. Copies of the log are in Appendix C. See Appendix A 
for a sketch and pictures of the test setup. 

Final fabrication of the stinger will be subjected to an Acceptance 
test. The test is attached in Appendix D. This test will v e d j  that 
the tools were a fabricated C O K ~ C ~ ~ Y  and will ensure any minor 
adjustments are made before releasing them into service. 

6.0 

7.0 

Turn Over of Product 

6.1 Find Design Description 

The final design@) were documented on separate drawings. See 
discussion for a list of the drawing numbers. 
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Appendix A 

Graphical Depictions of Product 
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i r i  r- LL.1 i .  
........... .................. ....... 

Sketch of Cyclic Machine used to test stinger colkt actuation. 
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Appendix B 

Calculations 
(See revision 1 for calculations) 
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Appendix C 

Test Specifications: 

Prototype Test Matrix 

Prototype Test Procedure 

Prototype Test Evaluation Sheet 

Testing Log Sheets 
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SEE PREVIOUS REVISIONS FOR : 
Prototype Test Matrix, Prototype Test Procedure, Prototype Test Evaluation Sheet 
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Appendix D 

Design Verification Test Specification and Acceptance Test 
Specification 
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SEE PREVIOUS REVISIONS FOR : 
Design Verification Teat Specification 
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Obiective: 0-2 
l l i s  procedure is to be used to verify that each production stinger tool (each unit) is properly adjusted and fully 
functional prior to deployment. This procedure will be performed only &er shop fabrication and quality inspection 
has been completed. This procedure is not intended to document fabrication quality or inspection results. 

Adiustme nt Procedure; 
Activate the stinger tool several times prior to recording collet OD. The tool adjustment will be rechecked after 
completion of the ATP to vaify that adjustment is still set correctly. If readiustment is required, repeat ATP w o n  
of this procedure. 

1. Adjust or activate stinger tool so that the expanding collet collapses to its natural position (minimum outside 
diameter). 

2. Measure collet outside diameter using dial caliper. 
3. Record measurement: Measurement should be less than 1.64” 
4. Place the 30 Ibs test element with an ID of 1.9” on the table. 
5. Place the test element with an LD. of 1.64” into the gdno-go gage. 

NOTE: For operator safety, exit the fenced area any hme the manipulator system is active. The manipulator will be 
controlled remotely from the EOC. Test personnel will activate the local E-Stop befke entering the fenced area and 
keep it depressed the entire time they are inside the fenced area. This eiTectively prevents the HPU from starting. 
Reset the E-Stop when exiting the fenced area. 

6. Place stinger tool on the manlpulator and activate stinger tool to full colw erpansion. 
7. Measure cotlet outside diameta using dial caliper. 
8. Recordmeawement: 

Acceota nce T m  
1. Use the manipulator to MI the 30 Ibs test element with an ID of 1.9”. 
2. Set the 30 Ibs test element with an ID of 1.9” back onto the table and release it. 
3. Repeat steps 1 and 2 twelve tlmes. Readjust tool as required and repeat series of twelve lifts. 
4. Use the manipulator to pick up (clear of gdnego gage) and reset the test element with an I.D. of 1.64” twelve 

times. 
5. Race the 30 Ibs test element with an ID of 1.9” into a bucket of water on the mockup table. 
6. Use the manipulator to lift the submerged 30 Ibs test element with an ID of 1.9” clear of bucket twelve times. 
7. Use the manipulator to load the gdm-go gage with dummy outer fuel elements. 
8. Load the dummy outa fuel elements into the mockup MCO fuel basket. 
9. Repeat steps 7 and 8 Unsu all the MCO basket slots have been filled. 
10. Load 2Q ofthe dummy ilurer elements into the mockup MCO fuel basket. 

Measurement should be equal to or greater than 1.9” 

Recheck Tool A- \ 

1. Fully expand the cdled and mmeasure the outside diameter. 
2 Recordmeasurement: 
3. Fully collapse the colled and remeasure the outside diameter 
4. Record measurement: Measurement should be less than 1.64“. 

Measurement should be  or greater than 1 . 9  
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AcceDtance Criteria and Data Sheet: 0-3 

Date: 

Tool Description (dwg#, SIN,  etc.): 

Test Operator(s) (Name): 

Test Director Acceptance: 

1. Did the tool pick up the test element with an I.D. of 1.64" twelve consecutive times? 
YesINo Comments: 

2. Did the tool pick up the 30 lb test element with an ID of 1.9" twelve times? 
YesINo Comments: 

3. Did the tool pick up the'submerged 30 lb test element with an ID of 1.9" twelve times? 
YesINo Comments: 

4. Was a basket fully loaded with no adjustments made to stinger? 
YesINo Comments: 

5. Do all fasteners, adjustments, etc. appear to still be tight and the tool functioning normally? 
YesINo Comments: 

6. Were any operational or functional abnormalities identidied during the test? 

7. Does a post test inspection reveal any evidence of wear, damage or other abnormalities? 

If the answers to all of the above questions 1 - 5 are yes and 6 & 7 are no, then the tool is acceptable. The 
test director will sign above only if the tool was acceptable. 
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Appendix E 

Design Vedfication Test Report 
(This section will be faed in at a later date.) 
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Appendix F 

Value Analysis 
(See previous revision for attachments) 


