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1. Short Description of the Invention. 
a 

The invention relates to a patented process and to a motor driven mandrel apparatus 
(Patent No. 4,546,816) which has the property to roll without slip (or friction) or to roll with 
controlled ffiction on the inside surface of a non rotating hollow round. Each point on the 
circumferential surfwe of the mandrel describes a hypocycloidal curve or a curve with a 
hypocycloidal characteristic during the operation of  the mandrel. 

Page 3 shows schematically the principle of the invention, 
Page 4 shows the principle applied to a stable mandrel drive, 
Page 5 shows the engineering of the mandrel drive based on the above theory, 

where: 
d is the diameter of the mandrel, 
D is the inside diameter of the hollow round, 
rr and re is the eccentricity, 
S is the distance to the outside mandrel surface, 
a, b and c are points on the described arcs. 

The rolling property of the mandrel surface is maintained by eccentrics with defined 
eccentricity and predetermined angular velocities and direction of rotation of the two drive 
shaffs. The characteristic of the described hypocycloidal curve is that the length o f  the arc 
'ac' is equal to the length of the arc 'bc'. 

Since the mandrel has an inside and outside wall with a gap for cool water flow of 
thickness 'SI, the hypocycloidal curve is translated to the outside diameter of the mandrel. 
But the translated curve is not a true hypocycloid and therefore the respective length of the 
arcs are not equal. To correct the rolled arc on the casting, two independent drives with 
rotational speed control are required for the operation of the mandrel. R'ith this drive 
arrangement the mandrel can control the inside deformation of the hollow round with either 
zero friction (compression only) or forward or backward friction (compression and shear). 

I 

Considering a one motor drive only, the calculated friction factor on the casting surface 
for the dimensions chosen for the test mandrel i s p  055, see page 10. 



The configuration ofthe mandrel could be cylindrical or tapered or it could be 
combination of cyiindrical and tapered sections over the length of the mandrel. The 
combination cylindricailtapered sections has two main functions: 

a) remove the heat from the inner annulus of the casting, and 
b) control the amount of deformation, as well as the deformation pattern and 

deformation rate of the cast steel. 

The application of the mandrel will be for the continuous casting of near-net-shape steel 
piping for which it is essential that the friction between mandrel and hot casting is zero or 
controlled minimal. Friction in combination with the rolling pressure on the sensitive thin 
inner solidified skin would tear the inner annulus resulting in break outs or in commercially 
not' acceptable inner defects of the finished pipe. 
The selected drive control and rolling speed of the mandrel will be determined by the heat 
removal rate and control of the rolling force for the deformation of the steel. 

Additional applications are anticipated for the casting or manufacturing of non-ferrous or 
plastic tubing or other mechanical components with circular inside configuration. 

2 



z I 
0 0 

0 - 

w > 
LT 
3 
0 
1 

o r  
1 





5 



I 2. History of the Project Development and Progress. 
(For additional information see also the quarterly reports) ' 0  
The application for Federal Assistance was submitted to the U.S.Department of Energy 

(DOE) on February 18, 1992. 

The scope of the project was to build and test the machinery for the continuous casting of 
steel tubing and other related applications. 

The project included: 
1) Funding by the DOE to build the machinery, 
2 )  Study and testrun the machinery under a grant from the 

Ohio Thomas Edison Program, 
(The study was to be done by Dr. Spring of the Cleveland 
State University, CSU, at the Cleveland Advanced Manu- 
facturing Center of CSU) 

3) Provide all engineering, coordination, travel and general 
expenses by SCHlYARZ Consulting, Inc., estimated 

The DOE-Grant was awarded 3/12/92 for $83,902 and for a Budget and Project Period 

The Grant was extended through 9/5/95 on 4/20/93. 
On October 24, 1995 I asked for another extension through May 1996. This was verbally 

from 3/12/91 to 311 1/94. 

acknowledged by the DOE on January 23, 1996. 

Towards the end of 1992 it was apparent that no Ohio Thoma3 Edison Fund money 
would be available and the Project was separated into two phases, Phase I and Phase 11. 

Phase I was to build and test a bench model for the mandrel drive only. The niodel was 
intended for the investigation of the drive and also for demonstration purposes. .ifter 
successful operation of the model drive, the parts would be reused for Phase 11, 
the test stand. 



Phase I Progress: 
The engineering was completed in December of 1992 and the order was placed March 11, 

The machinery was delivered early December 1993. The eccentric drive cluster was badly out 
tolerances and the new replacement parts were delivered by the manufacturer in the middle 
of Novem ber 1994. 
The drive did not perform as expected and the cluster arrangement was redesigned. 
An order for the new design was placed April 20, 1995 with promised delivery of 6 to 8 
weeks. 
The new drive was delivered early September 1995 and is now used in the bench model and 
for the assembly of the test stand mandrel. 

1993 with promised delivery of 12 to 16 weeks 

Phase I1 Progress: 
In September of 1993 I was contacted by Mr. Larry Orihill, Technology Application 
Engineer for the Cleveland Advanced LManufacturing Program (CAMP) at the Lorain 
Community College inquiring about this project. He had of a letter from Terry iM. Levinson, 
Director, Inventions and Innovation Division, Office of Xational Programs Energy 
Efficiency and Renewable Energy to David G. Thomas Graves of CAMP in Cleveland, dated 
August 23, 1993 asking for assistance on this project. 
I had meetings with CA.MP representatives on September 13, 1994 and October 17, 1991 to 
discuss the next steps. It was decided to start with Phase 11. 
NIST Great Lakes Manufacturing Learning Center at the Cuyahoga Community College in 
Cleveland would manufacture all parts for the mandrel except the parts used at the bench 
model; SCHW-4RZ Consulting, Inc. would find a manufacturer for the frame and would 
purchase all commercial items for the mandrel to be assembled at the Learning Center. 
An order was placed with CAW on November 15,1994 with promised delivery by summer 
1995. The order for the manufacturing of the supporting frame was placed March 3, 1995, 
promised delivery 10 to 12 weeks. 
Early ,May 1995 the Manufacturing Learning Center informed me that they could 
manufacture only certain machine made parts, approximately one-half of the order (see 
Page 9). A short time later I was also told by the Manufacturing Learning Center that there 
would be no space for the mandrel assembly because of planned machine park espansion. 
An order for the manufacturing of the remaining parts was placed with a local machine shop 
on June 38, 1995 with promised delivery of six weeks. Meanwhile I made preparations to 
assemble the mandrel at my facility. 



The suppert fr"cue :s de!iYered esr!y Febrwy 1,096. 
By the middle of December I could pick up the first parts at the Learning Center in 
Cleveland and the last part was ready by ,March 12,1996. 
I prepared subassemblies of the mandrel at my shop but it soon became apparent that I was 
not prepared for the final assembly because of lack of heavy tools (crane, wrenches etc.). 
The machine shop completed their parts of the mandrel by early March. 
I made arrangements with the machine shop owner to assemble the mandrel at  the shop with 
the help of a trained mechanic. The final assembly was done at this shop the last two weeks 
in hlarch of 1996 
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Elyria (216) 365;LCCC Toll Free 1-800-995-LCCC FAX (216) 365-6519 

May 15, 1995 

Mr. Gerhard Schwarz 
Schwarz Consulting, Inc. 
33020 Lake Road 
Avon Lake, Ohio 44012 

Dear Gerhard: 

This letter confirms today’ telephone nversation regarding your mandrel prcJxt with the 
GLMTC and CAMP ( CAMP Project # GO 1500 ). 

The Manufacturing Learning Center at Cuyahoga Community College is in the process of 
manufacturing twenty-eight (28) parts on Table #1 of our 11-9-94 Quotation at a cost of 
$10,661.30. In addition, the MLC will make a new eccentric drive shaft for $1,206.30 and lap 
in the eccentric drive for $650.00 based on our qu6tation of 4-24-95. 

The MLC does not have the capability to machine and / or weld the nine (9) parts on table #2 
of the 11-9-94 Quotation. 

It is our recommendation to have these nine (9) parts reviewed by Advanced Design Industries 
in Lorain, Ohio. I believe they are building your test stand frame work and they have the 
capability to machine and weld these parts. 

Don Kresnye, MLC Director, has expressed an interest in assembling the complete mandrel. We 
would be happy to quote the mandrel assembly at the appropriate time. 

If additional information is required about your project, please do not hesitate to contact me at 
(216) 365’:{222 extension 7026. Thank you. 

Yours Truly, 

Larry Orihill 
Technology Application Engineer 

cc: JohnLaskowski GLMTC 
DonKresnye MLC 
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3. Phase I, Description and Investigation 

To obtain the rolling property of the mandrel. the ratio of the eccentrics must be an even 
number. The concentric and eccentric drive shaft must rotate in opposite direction to each 
other and must have a speed ratio corresponding to the even number. 

For the mandrel drive the eccentric dimensions are: 
r,= 2.375" 
5= ,296875" 
The ratio is 2.375:,296875 = 8 that is, 
for one rotation of the eccentric drive shaft the concentric drive shaft must make eight 
rotations but in opposite direction. 
Other eccentrics could be tried on the bench model, but the cluster a5sem bly and eccentric 
drive shaft have to be repliced. 

Selection of the eccentric dimensions determines to a great deal the diameter of the 
mandrel. Since the diameter of the test mandrel has tapered sections, the diameter range is 
from 8.1063" to 9.663". Driving both shafts with one motor and gear drive, the ratio of the 
gear drive must be 8: 1, but no correction to the mandrel surface can be done and 
considering a 9" mandrel diameter, the calculated friction between mandrel surface and 
casting surface has a friction factor of/lt=.055 . 

The mandrel speed is determined mostly by the heat removal rate and the required 
rolling force, but also the retention rate of the solidified steel must be considered. In the gap 
area (see page I )  the solidified shell is momentarily not supported by the mandrel. If the 
none supporting time exceeds the retention rate of the solidified steel a breakout will occur. 
Considering all influences, calculations show that the niandrel speed should be in the 600 to 
800 rollings per minute range for an eflicient and save operation of a production mandrel. 

The gear drive arrangement selected for the bench model (see dwg.: ARRG'T. N0.2, 
Page 13) has a rolling speed from 18 to 367 rollings per minute with a drive motor of 
17SO rotations per minute and a speed ratio of the motor of 20: 1 . For a two motor drive 
again with 1750 rotatlons per minute and a speed mtio of 20: 1 for each motor, the speed 
range is from 166 to 1094 rollings per minute. 

The bench model is designed for one and two motor operation but also can be opemted 
manually in lieu of a one motor operation. 

10 



The nz~dre! f'r the test &ad is designed fir a i x o  motor drive where each motor is 
controlled manually and the relation of the speeds will be controlled by a hand held 
tachometer. A more sophisticated control would be desirable and might be necessary. 

The bench model was manufactured and assembled by a local machine shop. Upon 
completion it was not possible to obtain any movement of the machinery. Investigations 
indicated that the cluster assembly (see page 5 and 36) of the drive was jamming. I had the 
the cluster assembly checked by the Great Lakes Manufacturing Learning in Cleveland for 
tolerance accuracy. 
Their findings are enclosed as part 7. Inspection of the Drive Cluster -Assembly. 
Canip provided a quotation to manufacture new parts (see page 50 and 51), but when I 
confronted the manufacturer with the data, he agreed to supply replacement parts. The new 
parts showed some improvement but it was not possible to achieve running condition. The 
Great Lakes Manufacturing Learning Center tried to lap in the drive parts but with little 
success. 

For a successful operation of the mandrel drive the four eccentric pins must rotate freely 
within the confinement of the pinholders of the cluster assembly. When rotating the 
concentric shaft the cluster assembly rotates accordingly and together with the rotation of 
the eccentric shaft provide the rotation of the eccentric pins for the rolling movement of the 
outside diameter. 

The original parts of the cluster assembly were manufactured individually and apparently 
the manufacturer did not have the precision machinery to hold the tolerances. 

I redesigned the cluster assembly by combining the pinholders Det 8 BTM, page 43 and 
Det 8 Top, page 45 ( item 8 of the drawing) to one unit and the pinholders Det 6 AB, 
page 47 and Det 6 C-D, page 49 ( item 6 and 7 of the drawing) to another unit. Each unit 
was machined as one piece. I eliminated the split bushings, item 37 and the bushings item 
38 and insisted on computer controlled machinery for the manufacturing of the pins, which 
still have to be manufactured individually. The pins are now running steel on steel in the 
pinholders but have grease lubrication. For prolonged operation a thin iUZZiOLOY coat ( 
Manufacturer: .l.R.hlOLOY of Western Pennsylvania, Inc.) is considered. 

The new unit was installed in the bench model and was working ifthe model was 
operated manually and sufficient force applied to turn the gear shaft, item 17. But when I 
connecting the gear shaft to the available 1/3 hp-1725 rpm electric motor, the motor stalled. 



\i 

Calculations showed that the motor torque on the sprocket, item 26 was 53.36 inch-pounds 
or the force on the 5.375 inch pitch diameter sprocket to turn the gear shaft was 
approximately 20 pounds. I used a 6 inch long wrench for turning the gear shaft, item 17. 
The force I had to apply was 12 pounds which is a torque of 72 inch-pounds on the gear 
shaft as compared to the available motor torque of 53.36 inch-pounds. 

0 

I have been trying to reduce the internal resistance of the cluster assenrbly by applying a 
coarse grinding and lapping compound which, which shows improvement. I am continuing 
this application with a finer compound and will include other rotating parts of the bench 
model such as eccentric shaft, g e m  and gear s h a h  until I have sensitive control of the 
mandrel drive. 
It is obvious that in the future, the design and manufacturing of the mandrel drive should be 
given special attention. 

The 113 hp motor T repkiced with 1 hp-1750 rpm motors which have a 20: 1 speed control. 

I have contacted several instrument manufacturer for an instrument which could be 
attached to the to the inner mandrel wall, item 2. If such instrunrent could plot the 
iiiovement of the diameter, the plotted curve (hypocycloidal or other) could be analyzed or 
compared to another curve and used for the control of the mandrel. 
.-is yet I have not found such instrument on the marked. 

Page 14 shows pictures of the bench model: 
a) and b) show the mandrel drive assembly. The drive assembly can also be seen on the 

pictures of the mandrel assembly, Page 17b. 
c) shows the bench model without the inner niandrel wall, iteni 2. The model has a one motor 

drile and the speed control box can be seen on the bench, 
d) shows the two motor drive. One half of the inner mandrel wall, item 2, is removed. The 

hand held tachometer which, will be tried for the control of the two motors is on the 
bench. 
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4. Phase 11, Descriptim and Work Completed. 

The Grant was approved for building the test stand. Originally this test stand was to be 
investigated by an outside investigator under a grant from the Ohio Thomas Edison 
Program. 

The test stand consists of two arrangements: 
a) the mandrel and 
b) the mandrel support frame. 
To complete the test stand assembly for metal casting, the outside cooling and withdrawal 
arrangement has to be added (not part of the Grant). 

a) The mandrel. 
Originally it wa planned to investigate the mandref surface by an arrangement of load celfs 
mounted on a carriage which traveled vertically on the support frame. With this arrangement 
it would have been possible to measure the amount and the direction of the forces on the 
mandrel surface. But by separating the Grant into Phase I and Phase I1 the bench model 
was build instead. 
Drawing MAN-ARRGT on page 16 shows the mandrel design. 
The mandrel was assembled in a local machine shop according to this drawing and the 
necessary corrections and improvements were done during the assembly. It was found 
during the assembly that the spring arrangement at the stabilizer plug (items 29,23,30 and 
Sa) and the cool water transfer (items 73 and 74) have to be redesigned (see also page 17c). 
All parts were checked for free movement during the assembly 
Photos on page 17 show the mandrel during the assembly in the shop. 
The mandrel was disassembled and is now in storage. 

b) The support frame. 
Drawing F'RMVE-ARRGT on page 18 shows the arrangement of the frame. 
The frame was assembled in the shop except for adding the extension (item 13 and 15) 
and the actuators (item 34) because of restricted height. Some corrections had to done and 
the parts were marked for reassembly in the future. 
Since the mandrel was not available and could not be installed, the mandrel drive (items 14, 
17,4S and 46) was not installed. The (2) -2 hp mandrel drive motors, item 40 have not been 
purchased. 
In order to run the mandrel for testing purpose only the bench model motors can be used. 
The frame was shipped disassembled and is now in storage. 
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5. Experimental Metal Casting. 

In the early stage of my Application for Federal Assistance, Mr. Jack Aellen from the 
DOE called me on January 21,1988, asking if tin casting on the prototype model could be 
added to the project. Mr. Eckhart of the DOE Steel Group suggested the addition, since tin 
could be east in an laboratory environment, The request was investigated but it increased 
the Request for Federal Assistance to $118,000 and was subsequently taken out of the 
program. 

L 

With future metal casting in mind, I designed the test stand accordingly that even steel 
casting could be included. 

To include metal casting in this project, the outside mold, outside spray cooling and 
withdrawal of the casting has to be added to the test stand. Drawing S m i B - M G T  on 
page 21 shows the additional equipment. The manufacture of this equipment was quoted 
$23,590. 

Drawing GEN-MRGT on page 22 shows the completed test stand. 

Liquid metal is poured into the opening confined by the mold of the mandrel with 
gtf diameter and the outside mold with 12" diameter. A solidified inner and outer annulus is 
formed by the molds. Both are connected by a bridge of solidified steel cooled at  the bottom 
of the molds by spray cooling. The cooled steel bridge is attached to the withdrawal 
mechanism which lowers both annuli as one unit. The inside cooling and deformation is 
completed by the mandrel. The outside cooling is completed by water spray. The finished 
casting has an out..ide diameter of 12" and an inside diameter of 10 1/J" and is Wf long. 
The casting can be removed hot from the test stand. 

In  my meeting with CAMP personnel in September 1994, I was informed that the NIST 
Great Lakes Manufacturing Technology Center (GLMTC) had purchased a small foundry in 
1994 and had it installed in an existing building in Cleveland. The foundry is for 
investigating rapid aluminum casting. 
The building is of sufficient height and has the utilities for operating the test stand. 



I had another meeting with C M  personnel on March 27, 1996, regarding the progress 
of the foundry operation and how it could be utilized for experimental casting on the test 
stand. The foundry operation had been improved to include steel melting and casting even 
small batches of 600 pounds as needed for the test stand can be melt. 
A1 commercial steel grades can be melted, such as steel grades for high quality commercial 
piping. 
Also hot metal feeding equipment for the mold opening would be available. 
In response to this meeting, CA.IIP/GLMTC prepared a proposal for casting the test pieces 
at the foundry, see pages 23. to 29. 

\ 
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May 30, 1996 

Mr. Gerhard Schwarz 
Consulting Engineer 
Schwarz Consulting, Inc. 
33020 Lake Road 
Avon Lake, Ohio 44012 

Dear Gerhard: r 

In response to our meeting of March 27, 1996, the NISTIGreat Lakes Manufacturing 
Technology Center (GLMTC), a division of the Cleveland Advanced Manufacturing Program 
(CAMP), is pleased to submit the following proposal for your consideration. The proposal is for 
a Project To Continue The Development And Test The Schwan Patented Hypocyclodial 
Mandrel For The Continuous Casting Of Near Net Shape Steel Tubing. This project has 
been funded by the Department Of Energy under grant # DE-FG01-92CE15400. That grant was 
to initiate development of this invention. ?. 

Mr. Terry Pim, CAMP’S Director of Business Development, will be your primary contact 
person on this project. He will be assisted by Tom Cobett, Manager of the GLMTC’s Rapid 
Casting Facility, and appropriate members of the GINTC staff. 

To accept this proposal and begin work on the project, please fill out the attached Contract for 
CAMP/GLMTC Services, and return it to the address noted on the form. 

We are looking forward to assisting you in the continuous development and the testing of this 
high technology hypocyclodial mandrel with significant cost saving potential to the steel and 
casting industries. 

Yours Truly, 

Larry Orihill 
Technology Application Engineer 

cc: TerryPim CAMP 
Tom Cobett Rapid Casting Facility 

2 3  



BACKGROUND 

Schwarz Consulting, Inc. has invented a patented, hypocyclodial mandrel for the continuous 
casting of near net shape steel tubing. This invention has been selected by the Department of 
Energy as having a very high probability of success in reducing energy costs of up to $60.00 
per ton in manufacturing steel pipe and tubing. In addition, the Department of Energy feels that 
this invention will improve quality, strength, and manufacturing tolerance of piping production. 
As a result, Schwarz Consulting had received a grant from the Department of Energy to initiate 
development of this invention. The grant number was #DE-FGOl-92CE15400. 

As of April 1, 1996 funds have been expended to manufacture the mandrel and test stand. , 
Additional funds are required to continue the development and to test this invention. Mr. 
Gerhard Schwarz has requested the NIST/Great Iakes Manufacturing Technology Center's Rapid 
Casting Facility to provide a proposal that will enable further development and the testing of the 
mandrel itself. The testing will enable Schwan to evaluate his patented "KIROHR" continuous 
cast steel pipe process by actually pouring steel and making sections of pipe. Physical tests, 
metallographic analysis and NDT testing can than be performed on the pipe samples. 

The mandrel and test stand are now available for testing. The weight of these two (2) items 
when assembled is almost two thousand and five hundred pounds (2,500 lbs.) Physical floor 
dimensions of this assembly are twelve (12) feet high by eight (8) feet long by eight (8) feet 
deep. 1 

Electric power, recirculating cooling water, and the ability to pour five hundred (500) pounds 
of molten metal are required and available at the GLMTC Rapid Casting Facility. Metal can 
be poured at the Rapid Casting Facility per required pipe caster specifications as to alloy and 
hardness to enable accurate evaluation of the "KIROHR" piping process. 

PROJECT OBJECTIVE 

The purpose of this project is to work with Schwan Consulting, Inc. in continuing the 
development and to test the patented hypocyclodial mandrel for the continuous casting of near 
net shape s&$l tubing. 

PROJECT BENEFITS 

This project will enable Schwarz Consulting, Inc. to continue development and to test this 
invention in timely fashion and in a cost effective manner. Also, by working with the GLMTC 
casting facility, introduction of this invention to the steel and casting industries will be easier 
and more readily available. 

24 



PROJECT PLAN AND SCHEDULE 

Contact Persons: 

Terry Pim 
Director of Business Development 
(216) 432-4198 

Tom Cobett 
Manager of Rapid Casting Facility 
(216) 268-3044 

Larry O m  
Technology Application Engineer 
(216) 365-5222 

Estimated Start Date: Four (4) to Six (6) weeks after receipt of the Contract for 
CAMWGLMTC Services. P 

Estimated Project Duration: Six (6) to Eight (8) months. 

PROJECT FEE, PAYMENT AND TERMS 

Project Cost: $150,000.00 (NOT TO EXCEED) 

Fee Schedule: 
f . 4  

$50,000.00 @OWN PAYMENT) 

Balance of time, material and expenses will be invoiced monthly. Work 
to proceed upon approval of Gerhard Schwarz. 

Invoices are payable on receipt. 

25 



PROJECT DELIVERABLES 

CAMP and the GLMTC will deliver the following to properly evaluate and demonstrate the 
%IRO€IR1l Continuous Cast Steel Pipe Process: 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

Set up office and work space at the Rapid Casting Facility 

Assemble mandrel components 

Design and build two (2) mandrel drive units 

Design and build oscillating outside mold to achieve proper pipe wall thickness 

Assemble test stand with safety wall around, hood and water sump to collect spray 

Install mandrel, outside and inside mold on test stand, with overhead hoist 

Install mandrel drives on test stand 

Add recirculating water cooling lines to mandrel and test stand 

Design and build receiver tundish with stopperYrod/slide gate above test stand 

Design and build ladle hoist 

Obtain handling equipment for hot pipe 

Operate the mindre1 drives and withdrawal carriage 

Test mandrel operation with low temperature metal such as aluminum 

Repeat testing until acceptable pipe is produced 

Disassepble t .. mandrel and repair as necessary 

Test mandrel operation with low carbon steel 

Repeat testing until acceptable pipe is produced 

Run Physical Tests, Metallographic Analysis and NDT on pipe samples 

Prepare final report . 
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Contract for CAMPKLMTC Services 

Client Name: Schwarz Consulting Inc. 

Proposal Name: Develop and Test Hypocyclodial Mandrel (11) 

Proposal Number: GM 2819 

Proposal Summary: The RCF will assist Schwarz in the development and testing of his patented 
Hypocyclodial Mandrel for the continuous casting of near net shape tubing 

Est. Start Date: Four (4) to six (6) weeks after receipt of the Contract for CAMP/GLMTC 
Services 

Est. Project Duration: Six (6) to eight (8) months 

Project Cost: $1 50,000.00 (Not to Exceed) 
T, 

Fee Schedule: $50,000.00 (Down Payment) 

Balance of time, material and expenses will be invoiced monthly. Work to 
proceed upon approval of Gerhard Schwarz. 

Accepted by: 

Title: Date: 

P.O. and Check #: (made out to C M )  
# . 4  

Note: This instrument contains the entire agreement between the parties and no statement, promises, or 
inducements made by either party that is not contained in this written contract shall be valid or binding; 
this contract may not be enlarged, modified, or altered except in writing, signed by the parties and 
endorsed hereon. 

Return to: Maryla Engelking (LMOI 
CAM PIG LMTC 
Prospect Park Building 4600 Prospect Avenue 
Cleveland, OH 441 03431 4 

Phone: (21 6) 432431 4 
Fax: (216) 361-2091 
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Company:Schwarz Consulting Inc. Project: Dev. & Test Mandrel Proj. #:GM 2819 

After you have completed a project, f i l l  in the POST-PROJECT column with your client. Ask the client to estimate the anticipated impact 
over the next year after project implementation. 

NO. 

1. 

2. 

28 

DESCRIPTION OF ECONOMIC IMPACT ITEMS AMOUNT AMOUNT 

Enter the dollar value of inventory reduced. 

Enter the dollar amount of one-time capital avoidance. 100,000.00 



Great Lakes Manufacturing Technology Center 
Additional Contract Terms 

1. 

5. 

6. 

7. 

8. 

9. 

10. 

Any changes in the contract will be made only upon mutual agreement of the parties and will be evidenced by a written 
agreement executed by both parties. 

CAMP/GLMTC agrees that all its employeea and subcontractors will understand and be bound by the provisions of the 
contract. 

CAMP/GLMTC and ita subcontractors shall be forthright in disclosing all inverrt'ons or improvements thereon in its project 
reports to the Company. 

The Company, CAMP/GLMTC, and ib subcontractors agrm that mutually disclosed information will not be made public or 
to another party without the prior written consent of all the original parties so as to not endanger a potentid patent 
p i t i o n  or rweal Information one party considers to be proprietary. 

Tha company agreea to allow CAMPlGLMTC to publlsh nonproprietary results from the project for promotional purposss 
and for reporting to CAMP/GMC government sponsors.CAMP/GLMTC will allow the Company 30 days to review such 
materid for proprietary items which should be excluded in public materials. 

CAMP/GLMTC agrees to keep complete financial and technical records of progress made on the projectCAMP/GLMTC 
also agreea to allow the Company access during the CAMP/GLMTC working hours to inspect, copy, and freely use the 
PrOjSCt records for the Company's purpo8en. 

CAMP/GLMTC agree6 to comply with all applicable laws and government regulations relating to the projectCAMP/GLMTC 
and tho Company further agree not to take any action in the name of or othemise on behalf of the other party which 
would vioflte appllcable laws or government regulations. 

The Implementation of any advice or products provided by ChlPlGLMTC project will be at the sole discretion of the 
Company's managementCAMP shall be only held accountable for the specifii deliierables in the contract and shall not 
be held accountable for any consequential effecta of implementing the deliverables.CAMP cannot therefore share in the 
increased Company prof&, or in the rue case of a negative effect. share or be named party in any losses, lawsuits, or 
other legal action stemming from company management implementation decisions relative to the contract deliierables. 

H one party for any reason desirea to immediately terminate the contract, then the second party is required to agree to 
such a termination at a time no greater than sixty days from the date that the original written notice of desired termination 
ir delivered to the second party.lf one party for any reason desires to terminate the corrtract at a date greater than sixty 
day8 from the time of notice, but earlier than the stated contract end date, then the second party must agree to termination 
at the requostmi datkPayment 01 refund due either party shall be determined on a pro rata basis according to the amount 
of work done by CAMP/QLMTC up to the timo of termination. 

In the went that either party breachen any of the t e r n  of the contract, and m*d breach is not resolved within sixty days 
aftar noti- themof to aaid party, then the other party has the right to terminate the contract effective a8 of the end of Mid 
sbdy day prioddhould thu agreement be terminated for cause by either party. then payment or refund due either party 
shall be determined on a pro rata ban& according to the amount of work done by CAMP/GLMTC up to the time-of 
terminatiop ,. 

Information Disclosure 
Iwswnuch u CAMP and the QLMTC receive public fun&, and thur this project is indirectly wbridhed. your company 
may be required to provide project Impact data in writing (within a reasonable time from request) during a period of five 
you8 following the completion of the projoctThis data includes, but is not limited to. jobs created, jobs retained, cost 
swings, increased revenues, and the amount of follow up company investment directly attributable to the projectsuch 
data will be treated confidentially by CAMP and the GLMTC, and will only be used in anonymow summary statistics 
prasonted to tho W e  and other benefactorshy exception to the above data confidentiality rule (such M to provide 
spec& amdotal material for public speech or a marketing document) will be specifically sought on a 
bask, wittr your company's approval required for the final wording of any data that may be presented. 
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6. Required Additional Work, 

a) Improve the performance of the mandrel drive of the bench model. Possibly include an 
outside investigator for the evaluation. 

b) Assemble the available test stand for test runs. Test runs should include investigation of 
the cool water flow. Determine if the hand held tachometer is satisfactory for the control 
of the mandrel drives to cast acceptable steel samples. 

c) Manufacture the parts for the outside 'cooling and withdrawal of the test piece. Install the 
equipment at the test stand. 

d) Cast the pipe samples. 
For preparation and casting procedure see enclosed C-LL;LIPIGLMTC project plan and 
schedule dated May 30, 1996 on pages 23 to 29. 
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.*. NlSf Great laker 

I .&: Manufcrcturhg T&hnology Center >. 
a -  

2415 Woodland Avenue Cleveland, Ohio 44115 

c ~ &. 
216/987-3200 FAX: 987-3210 

. - I  . -  
January 6, 1994 

Mr. Gerhard Schwarz 
Schwarz Consulting, Inc. . 
33020 Lake Road 
Avon Lake, Ohio 44012 

Dear Gerhard: 

The Manufacturing Learning Center is pleased to submit the attached quotation for your 
consideration. 

This quotation is for a Inspection Measurement Project for the inspection of Schwarz 
Consulting, lnc. Test Stand Hypocyciodial Drive Arrangement Details listed in the attached 
deliverables section. (See attached Quotation). 

Upon acceptance, work will begin in the Manufaquring Learning Center 1/18/94. 

The total project is $1526.00 and will be billed to you upon completion. 

If you have any questions concerning this quote or need additional information, please 
feel free to contact me at (216) 987-3204 or (216) 987-3046. . -  .. 
We appreciate the .opportunity to assist you in your manufacturing process and look 
forward to doing business with you in the future; 

Sincerely, 

Dennis Rosa 
Technology Program Manager, ' 

Quality Systems 

Q=-+AL. . .  

cc: L. Orihill 
E. Kopinsky 
D. Kresnye 
J. Laskowski 
J. Wright 
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* CCC/MRl? MANUFACTURING LEARNING CENTER 
2415 W d a n d  Avenue 
Cleveland, Ohio 44115 

(216) 987-3090 

OUOTATION 

Quotation #: 020, Propod #112 Date: 1/6/94 

Customer Name & Address: Mr. Gerhard Schwan 
Schwan Consulting, Inc 
33020 Lake Road 
Avon Lake, Ohio 44012 
(216) 933-9340 

QUANTITY . DESCRIPTTON Price./ 
each 

II 2 Detail 8 Pinholder $226 

2 Detail 6 Pinholder $ 45 

4 Detail 9 Eccentric Pin $246 

't 

PROJECT TOTAL 

$984 11 + $1526.00 

Proposed Start Date: 1/18/94 
Proposed Completion Date: 1/28/94 

Quoted by: 

Approved by: Date: 



- NlST Great Lakes 

2415 Woodland Avenue Cleveland, Ohio 44115 
I. ' Manufacturing Technology Center 

216/987-3200 FAX: 987-3210 

March 3, 1994 

Mr. Gerhard Schwarz 
Consulting Engineer 
Schwarz Consulting Inc. 
33020 Lake Road 
Avon Lake Road, Ohio 44012 

RE: Completion of Quality Manual Development CAMP MLC Project #I 141 

Dear Mr. Schwarz: 

Enclosed please find one (1) copy of the inspection reports summarizing the drawing 
specifications, the actual dimensions measured, deviations from nominal, and out of 
tolernace conditions for the 8 parts detailed in our proposal dated January 6, 1994. 

The stack ups of the bore locations on the pinholders and the journal locations on the 
eccentric shafts are causing the binding condition. Pending your review of the out of 
tolerance conditions on the parts it may be possible for the Manufacturing Learning 
Center (MLC) to repair the parts per your written instructions. Ed Kopinsky MLC 
Manufacturing Supervisor, will coordinate with you to develop a proposal if required. 

7 

Please do not hesitate to contact me at (216) 987-3204. This submittal constitutes the 
Deliverable as defined in Dennis Rosa's proposal #I 12 of January 6, 1994. 

Dennis J. Rosa 
Technical Program Manager, 
Quality Systems 

,%?cy: 
CC: J. Wright, CAMP/GLMTC I - F1.b 

L. Orihill, LCCC 

J. Laskowski - 6%7-5-$;/7 L-J 
" *  D. E. Kopinsky Kresnye 7 4 3 -  3090 

SPA 2 3 cffvlp 
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D.RlVE CLUSTER ASSEMBLY 

CONCENTRIC SHAFT 

ECCENTRIC FIN 

PIN HOLDER 
(DET8 BTM) 

36 



CUST Part No. InsDector JLW 
SWARZ CONSULTING Eccentric Pin Det 9F 

-,- - - - -  - 

Date 
Inspection Results 2/24/94 

Item Drawing Actual out of 



CUST Part No. Inspector JLW 
SWARZ CONSULTING Eccentric Pin Det 9J 

Inspection Results 2/24/94 
Date 

Item Drawing Actual out of 



CUST Part No. Inspector JLW 
SWARZ CONSULTING Eccentric Pin Det 9Dot 

Inspection Results 2/24/94 
Date 

Item Drawing Actual out of 

-.. ..- . - - . . . - - - . - 
2 .747 +.001-0 0.7d 

W.W. 1 I -747 +.001-0 n 7473 
487 

39 

n no03 
0.0017 0.0007 

a7n -0.0100 
1." -0.0095 
368 -0.0002 
107 -0.0073 

-0.01 00 
8 10.297 +/-.OO: . - - - 135 

-0.01 00 
-0.0095 

-0.0073 
-0.01 00 
-0.001 5 

3 
4 
5 
6 
7 

.747 +.001-0 0.7tl v 1 

0.297 +/-.002 0.21 
,747 +.001-0 0.7t", 
.747 +.001-0 0.7370 

,747 +.001-0 0.7375 1 

2 0.2935 -0.OC 



CUST Part No. Inspector J LW 
SWARZ CONSULTING Eccentric Pin Det 9Blank 

Date 
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hr 

' I  

+- 
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SWARZ CONSULTING Part No. JWRIGHT CAMP 
Inspection Resutts PIN HOLDER DET 8 BTM 2/24/94 

item Drawing Actual out of 
No. Specification Dimension Dev. Tolerance 

I 
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SWARZ CONSULTING Part No. JWRIGHT CAMP 
Inspection Results PIN HOLDER DET 8 TOP 2/24/94 

Item 
No. 

Drawing Actual out of 
Specification Dimension Dev. Tolerance 

I 1 I BORE 2.5 I ESTABLISH ZERO I I I 

9 
10 

. - I 

.7568 I 0.0068 I 0.0058 2 I .750 +/-.001 I 

xo.0 4.001 0.0001 0.0001 +++ 
YO.0 +/-.001 0.0000 0.0000 
0.625 +/-.001 0.6302 0.0052 0.0042 
2.773+.005/-0.0 2.7148 -0.0582 -0.0538 
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? 

I -  . 



3 .875 +/-.001 0.8756 0.0006 
X-2.375 +/-.001 -2.3842 -0.0092 -0.0082 

4 
YO.0 +/-.001 0.01 80 0.01 80 0.01 70 
.875 +/-.001 0.8754 0.0004 
X-,0139 +/-.001 -0.01 39 -0.01 39 -0.01 29 

5 

46 

Y-2.375 4-.OOl 2.3589 0.0161 0.01 51 
4.75 +/-.001 4.7500 0.0000 
xo.0 +/-.001 -0.01 15 -0.01 15 -0.0195 
YO.0 +/-.001 0.01 84 0.01 84 0.01 74 





SWARZ CONSULTING Part No. JWRIGHT CAMP 
Inspection Results PIN HOLDER DET 6 C-D 2/24/94 

Drawing Actual I Dimension 
1 .875+/-.001 I x2.375 +/-.ooi 

0.8754 
2.361 3 

YO.0 + /-.001 001 57 
2 ,8754-,001 0.8750 

xo.0 +/-.001 -0.008 
Y2.375 4-.001 2.3929 

3 .875 +/-.001 0.8759 
X-2.375 +/-.001 2.3879 

-2.361 1 

out of 
Dev. Tolerance 
0.0004 I 

-0.0137 -0.0127 
0.0157 0.0147 
0.0000 I I ~ ~ ~ ~ . .  I 

-0.008 1 -0.0070 I 
0.01 79 I 0.01 69 I ~ . ~ .  

0.0009 I 
-0.01 29 I -0.01 19 I I . .~ 

0.0158 1 0.01 48 I 
0.0004 I I ~ . ~ ~ .  . I 

-0.01 64 I -0.01 54 I 
0.01 39 I 0.01 29 I 

5 4.750 4-.001 4.751 6 0.001 6 0.0006 

YO.0 4.001 0.01 59 0.01 59 0.01 49 
xo.0 +/-.001 -0.01 33 -0.01 33 -0.01 23 



f 



c .. ^ -  

*%IMP 
Cleveland Advanced Manufacturhg Program 
Prospect Pork Building 4600 Prospect Avenue 
Cleveland, Ohio 44103-4314 
216/432-5300 FAX: 361-2900 

March 24. 1994 

Mr. Gerhatd Schwarz 
Schwarz Consulting, Inc. 
33020 Lake Road 
Avon Lake, Ohio 44012. 

Dear Gerhard: 

The Manufacturing Learning Center is pleased to submit the attached quotation for your 
consideration. 

Upon acceptance, work will begin in the Manufacturing Learning Center after receipt of 
purchase order. 

The total project cost is $2,664.00 and will be billed to you upon completion. 

If you have any questions concerning this quote or need additional information, please 
feel free to contact me at (21 6) 987-3204 or (21 6) 987-3046. 

We appreciate the opportunity to assist you in your manufacturing process and look 
forward to doing business with you' in the future. 

Sincerely, 

MLC Supervisor 

cc: L. Orihill 
D. Kresnye 
J. Laskowski 
D. Rosa 
J. Wright 

CAMP Didsion NlST Great Lakes Manufodwring Technology Center 50 
CAMP Affiliahr Advanced Manufaduring Center Center fur Automation and Intelligent Systems Research Edim Sensor Technology Center Unified Technologies Center 
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QUANTITY 

4 

4 

i% R I P 

Pried Total 
each 

Detail 8. Pinholder $ 299 $1,196.00 

Detail 9 Shaft, Cam $ 367 $1,468.00 
PROJECT TOTAL - $2,664.00 

Cleveland Advanced Manufcrcturing Program 
Prosped Park Building 4600 Prosped Avenue 
Cleveland, Ohio 44103-4314 
216/432-5300 FAX: 361-2900 t' 

Quotation #: 034MLC 

Customer Name & Address: 

2 

an E d h  Tedrnohgy Center 

CCCMRF MANUFACTURING LEARNING CENTER 
2415 Woodland Avenue 
Cleveland, Ohio 44115 

(216) 987-3090 

QUOTATION 

Date: 3/24/94 

Mr. Gerhard Schwan 
Schwarz Consulting, Inc 
33020 Lake Road 
Avon Lake, Ohio 44012 
(216) 933-9340 

DESCRIPTION 

Terms: - 4  

*Delivery: 4 to 6 weeks ARO 
*Not included in this quote are engineering and inspection hours already spent to bring these parts to the point 
of determination for corrective action. 

*Quote valid for 60 days. 

# 

CAMP Division NlST Gat Lakes Manukuring Tech& Center 51 
CAMP A f i / h  Advanced Manubduring Cmter Cmhx for Aubnation a d  Intelligent Systems Research €d im h v x  Tech& Center Unified Techndogie Center 



I 

8. Summary of the Correspondence with the DOE 

The following is a summary of the correspondence of SCHWXRZ Consulting, Inc. with 
the U.S. Department of Energy, DOE. 

Quarterly Reports since First Quarter of 1992; 
January 3,1994, Attn.: Jack Aellen; 
June 28,1994, Attn.: Nita Staub; 
January 3, 1995, Attn.: Terry Levinson; 
lMarch 13, 1995, Attn,: .John Windish; 
September 20, 1995, Attn.: Terry Levhson; 
January 2,1996, Attn.: Victoria Curry; 
January 2, 1996, Attn.: Terry Levinson / Fred Hart, 
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	Required Additional Work
	1 875+/-.001
	xo.0 001
	Y2.375 4-.001
	3 875 001

	X-2.375 001
	xo.0 001


