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May 31, 1990 

1. INTRODUCTION 

This report updates and amplifies the report dated December 9, 1988 on 
the same general subject. 

This report addresses the methods of storing dipole magnets at the con
struction site, retrieving the magnets from storage and lowering them 
down the construction shaft, transporting the magnets through the tunnel 
to their final destination, and placing the magnets on their support 
stands. It also covers the design criteria and the basic dimensions 
required for the magnet support stands. However, the method of aligning 
the magnets in place is not addressed in this report. 

This report also covers methods of transporting personnel and tooling 
inside the tunnel. 

This report does not cover the transportation and placement of quadru
poles, spool pieces, transformers, control cabinets, etc. 

Budget estimates were obtained for the cost of most of the equipment and 
vehicles presented in this report; however, a complete estimate for the 
cost of all the equipment cannot be made until a complete utilization 
analysis and calculation of the number of units required is made. 

The study is based on the following criteria: 

a. 

b. 

c. 

d. 

e. 

The tunnel section will be as per Exhibit 1.1, with a 12-ft inside 
finished diameter and 10-ft nominal floor width. 

Magnets will have a cryostat outside diameter of 27 inches and a 
vertical spacing of 87 cm. 

All vehicles will have a maximum width of 30 inches to allow bypass 
at most areas in the tunnel. 

Tunnel construction tolerance will be plus or minus 5 inches of 
true alignment in all directions. 

Preliminary design of equipment was performed to the point that we 
can be assured of constructibility and maximum space requirements. 

R85122A1519011 1-1 



,/ 

./ 
./ 

./ 
/ 

/ 
/ 

I 
/ 

,/ 

-'-~-~- ~ ~~ ~ 
_--- I ---..._ 

/ ---~ , , 
,/ ---, 

,/ (', 

I 

I 

j 

j 

/ ,----------1 ~-----+----!. 
, i I 

I 
I 
I 
I 
I 
\ 
\ 

/ 
I 

I 

/ 

\ 
\ 
\ 
\ 
\ 
\ 

\ 
\ 

\ 

\ 

\ 

\ / 

1\ 
TRI'>NSPORT 
VEHICLES 

LANE 

\ 

/ 

/ 

\ 

\ 

2' 6' ~~~ 

! \ ! i i 
I \ I ' 
\! : 

\ j / 1 i~_~~~;:::k~I------, 
I I 

/ 

/ 

ii 

'\f ~Ti 
I ~I, 

8lPA% OR I 
P"R~INI, 

LAI)JF I 
\ 

\ 

L ___ _ 

_j,I)' 

ri' 11' 
--- -- - - -----

10'0,000' j 

1\J'JIJfl ill"<II,II, 
Ill!! I?(lllf f I I~JI 

"J 

~~:L (1' 

--1 CJ L 
_. f'? 
'\! 'f! 

;;f -

EXHIBIT 1,1 
SSC TUNNEL CROSS SECTION 
27-FT MAGNET 



... 

.... 
,/ 

... 

INTENTIONALLY BLANK



2. MAGNET WAREHOUSING AND SURFACE TRANSPORT 

It is assumed in this study that magnets will be stored and tested in a 
central location and distributed to the different insertion shafts as 
required. 

It is also assumed that no testin~ facilities will be available at the 
insertion area; therefore, it is lmportant that magnets be transported 
with the utmost care from the central storage area to the insertion 
area. It is suggested that a special transport vehicle be designed and 
purchased by the Lab for this purpose. 

Exhibit 2.1 illustrates a truck that could carry two magnets. This 
truck would have to be furnished with special magnet supports to cushion 
and absorb shocks and vibrations. It may be necessary to enclose the 
magnets and air condition the enclosure to avoid excessive heat during 
the summer months and also to protect them from the elements. Hatch 
covers would have to be provided to extract the magnets from the truck. 

Assuming a 40-mile average round trip for magnet transport from the 
central storage place to the local shaft storage, assuming half an hour 
at each end for loading and unloading, and assuming an average speed of 
25 miles per hour, it would take 2.6 hours to make one trip. At an 
installation rate of 10 magnets per day, it would take two trucks to 
deliver the required number of magnets in one shift. 

Storage of magnets at the construction site prior to installation will 
be necessary. No attempt has been made in this study to quantify the 
number of magnets to be stored; this can only be done when manufacturing 
and construction schedules are more developed. It is suggested that, at 
a minimum, a I-day supply be kept at the site to avoid delays caused by 
bad weather or other problems. 

The magnets can be stored two high on their support stands, providing 
the support stand installation schedule does not require that all sup
port stands be installed prior to the magnets. Other magnets could be 
stored one high on wooden blocks or more than one high on special racks. 

A proposed storage arrangement is shown on Exhibits 2.2 and 2.3. The 
criteria followed is that magnets should be stored two high, at a maxi
mum. Also the spacing between magnet stacks should be sufficient to 
avoid the "domino effect" in case of accident. (In Germany, a crane 
operator accidentally snatched one of the magnet stacks with his crane 
sling and magnets were damaged as some fell on others.) 

Magnet storage should be indoors or under roof cover and accessible to 
an overhead crane. Crane unloading of trucks is preferred because the 
crane is required for lowering the magnets down the shaft. Also, a 
crane would require less aisle space and therefore less storage area. 

Exhibit 2.2 also shows the 55-ft-diameter shaft, the relative location 
of a 6,OOO-lb freight elevator, and the emergency staircase. The build
ing is shown tall enough for the overhead crane to pass over the eleva
tor machinery housing. Thus, the crane would be able to reach the oppo
site side of the warehouse for handling other loads. 

R85122A1519011 2-1 
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3. MAGNET LOWERING IN A HORIZONTAL POSITION 

Two modes of lowering the magnets have been reviewed. The first 
involves lowering the magnets in a horizontal position, which would 
demand a 55-ft-diameter shaft. The second mode explores use of a 30-ft
diameter shaft, which requires lowering the magnets in a vertical posi
tion. The 30-ft shaft is advantageous because it lowers the construc
tion cost; however, it does increase the risk of magnet damage and would 
increase the cost of reinforcing the magnet internal supports. The cost 
of increasing the shaft diameter has been quantified and approximately 
estimated. The cost of reinforcing the magnets and the increased risk 
of damage has not been quantified. 

The risk of damage arises because, if the magnets were designed to with
stand 1.5 g of axial acceleration, one g would automatically be lost 
when upending the magnets to a vertical position, leaving only .5 g to 
resist starting and stopping the vertical descent or possible jerking by 
the crane operator. This results in an unsatisfactory safety factor or 
the necessity of heavy reinforcement of the magnet internal supports, 
with consequent problems of heat loss during operation. 

Based on this risk alone, we recommend using the horizontal method of 
lowering the magnets. However, if more backup is required to make this 
decision, the technical feasibility and cost of reinforcing the magnets 
for a satisfactory safety factor should be evaluated against the cost of 
increasing the shaft diameter. 

With a 55-ft shaft, the magnet handling would be simple and only one 
lift would be required from storage to transporter. 

The proposed magnet-handling crane is pictured in Exhibit 3.1. It is 
equipped with two trolleys with hoists that could operate independently 
or be electronically synchronized to lower the magnets horizontally. 
The crane should be used to lower other equipment as well. Eventually a 
crane-utilization load factor should be calculated to see if the crane 
can keep up with the construction requirements, and if not, how much of 
the load should be shared with the freight elevator. 

A strongback will be used to lift the magnets. The strongback has two 
purposes. When lowering magnets, baloon-type tires at both ends of the 
strongback will keep the magnets from swinging horizontally and rubbing 
against the shaft walls. The strongback can also be used to load bun
dles of pipe, conduit, or tubing. 

The magnets will be lifted by the strongback by means of slings. Secur
ity lines will be fastened to the magnet feet to prevent them from fall
ing in case of a malfunction. Slings are covered by ANSI and OSHA Stan
dards in their design and usage. Representative slings are shown in 
Exhibits 3.2 and 3.3. 

The cost of the crane was quoted by one vendor as $330,000 (see Exhibit 
3.6). 

R85122A1519011 3-1 
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Slings of 
special 

widths, 

thicknesses 

and desigr,s 

are 

available. 

TYPE A 

CHOKER 
HANDLES 

TYPE S 

BASKET 
HANDLES 

nylon slings 
Handles, either aluminum8 or steel0are specifi

cally designed and tested to develop the full 

strength of the sling. Fittings are not normally rec

ommended for 1" width webbing but are essential 

for widths 6" and over. 

Slings can be treated with a neoprene solution 

to provide extended life and better gripping surface 

if required. 

In addition to Samson Weave, we also have Sam
'31 

son Flex\..:)available. Ask our engineering salesmen 

which is best for your needs. 

SAMSON WORKING LOAD LIMIT IN POUNDS 

WEAVE.', ,~ 
FACTOR 5-1 .. 

VERTlCAL0 CHOKER BASKET 
WIDTHS WT. PER 

(INS.) n. (LBS.) ~-

1 •• 1500 1000 3000 
2 .10 2500 2000 5000 
3 .15 4000 3000 8000 

4 .20 5000 4000 1000e 
5 .25 7000 5000 14000 
6 .30 8000 6000 16000 

• •• 1;: 8000 20000 
10 .so 10000 25000 

12 AI) .15000 11000 30000 
m Hili 

- 25000 20000 5OOQO. 

NOTEs:~Aluminum handle. on allngs 2" to e" wide Inclusive. 
Steel handles provided on all Slings over 6" wide and tWO-Diy slings. 
Available on smaller widths on request. 

(i>The use 01 Samson Flex increases the working load of the lling. 
providing cordura protaction at the same t,me. 

f4\Endless tYDB "E" .afe loads ere twice the ligures given lor types 
\;;/ "A", "S", "C" and "0". 
(i)Every Cableco "Samson.Weave" Nylon Web Sling is prool load tested 

a m;nimum 01 twice this working loed in a straight pull - then tagged 
or stencilled. 

TYPE C 

TWISTED 
EyeS 

STANDARD 
EYES 

TYPE E 

~!Ir' . 
:;:::::i 
:::::1 

mll.IL~ ) 
ENDLESS0 

4333 MAYWOOD AVENUE Phone 583-8671 LOS ANGELES, CALIF. 90058 

10 Cablec:o EXHIBIT 3.2 



AMERICAN NATIONAL STANDARD 
SLINGS ANSI 830.9-1971 

TABLE 12 
RATED CAPACITIES FOR CABLE LAID GROMMET - HAND TUCKED 

7 x 6 x 7 AND 7 x 6 x 19 CONSTRUCTIONS IMPROVED PLOW STEEL GRADE ROPE 
7 x 7 x 7 CONSTRUCTION GALVANIZED AIRCRAFT GRADE ROPE 

CABLE BODY RATED CAPACITIES, TONS (2,000 Ib) 

Dia 
(Inches) Constr 0 & aJ 

Verti co I Choker Vertical Basket· 

3/8 7x6x7 1.3 0.95 2.5 
9/16 7x6x7 2.8 2.1 5.6 
5/8 7x6x7 3.8 2.8 7.6 

3/8 7 x 7 x 7 1.6 1.2 3.2 
9/16 7 x 7 x 7 3.5 2.6 6.9 
5/8 ixix7 4.5 3.4 9.0 

5/8 7 x 6 x 19 3.9 3.0 7.9 
3/4 7 x 6 x 19 5.1 3.8 10.0 
15/16 7 x 6 x 19 7.9 5.9 16.0 

1-1/8 7 x 6 x 19 11.0 8.4 22.0 
1-5/16 7 x 6 x 19 15.0 11.0 30.0 
1-1/2 7 x 6 x 19 19.0 14.0 39.0 
1-11/16 7 x 6 x 19 24.0 18.0 49.0 
1-7/8 7 x 6 x 19 30.0 22.0 60.0 
2-1/4 7 x 6 x 19 42.0 31.0 84.0 
2-5/8 7 x 6 x 19 56.0 42.0 112.0 

• The.e value. only apply when the Old raho 1. 5 or Ir.ater where. 
D = Dia",eter of curvature around which cable body ia bent. 

d = Diameter of cable body. 

TABLE 13 
RATED CAPACITIES FOR STRAND LAID ENDLESS SLII .. GSoMECHANICAL JOINT 

IMPROVED PLOW STEEL GRADE ROPE 

ROPE BODY RATED CAPACITIES, TONS (2,000 Ib) 

Dia 
Constr 0 (Inches) 

Verticol 

1/4 6 x 19 IWRC 0.92 
3/8 6 x 19 IWRC 2.0 
1/2 6 x 19 IWRC 3.6 
5/8 6 X 19 IWRC 5.6 
3/4 6 x 19 IWRC 8.0 
7/8 6 x 19 IWRC 11.0 

1 6 X 19 IWRC 14.0 
1-1/8 6 x 19 IWRC 18.0 

1.1/4 6 X 37 IWRC 21.0 
1-3/8 6 x 37 IWRC 25.0 
1-1/2 6 x 37 IWRC 29.0 

• Theae value. only apply ",hen the Old ratio 1a 5 or lreater "'here: 
D::.:: Diameter of CluvaUue around which rope ia bent. 
d .. Diameter of rope body. 

15 

& (0) 
Choker Vertical Basket· 

0.69 1.8 
1.5 4.1 
2.7 7.2 
4.2 11.0 
6.0 16.0 
8.1 21.0 

10.0 28.0 
13.0 35.0 

15.0 41.0 
19.0 50.0 
22.0 59.0 

EXHIBIT 3.3 
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JBF 
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SUPER COLLIDER PROJECT-TEXAS - 20 TON. 80 FT SPAN, 200 FT LIFT CRANE 

DEAR JAC¥.: 

I EAVE REVIEw'ED YOL"R REQtJIREJ"!E!~'I TO LOWER A 20 TON CYlINDER. 55' LONG, 30" 
DL\MEP'-R HORIZONTAllY DOWN A 200' SHAFT WI'r::i !HE PLANT. OUR RECOMMENDATION 
WOULD BE TO Fmt~ISE A 20 TON UNIT wITH TWO 10 TON HOOKS SPACED APPROXIMATELY 
15' ON CENTER. REEV"'u) TO A COMMON DRl),M TO ASSURE LEVEL l.OWERL~G OF THE l.OAD 
THROUGE THE FULL 200'. 

TEE APPRO~~TE Bu~GET PRICE FOR THIS CRANE, F.O.B. MILWAUKEE, WI 1S .. $310,OOO 

THIS CRANE WOu~ INCl.UDE THE FOLLOWING: 

1 . MAIN HOIST 
MAI~ HOIST 
TROLu."'1' 
BRIDGE 

50 rPM - FL~ LOAD 
75 FP?1 - AT CAPACITIES UP TO 5 TON 

100 rPM 
200 FPM 

2. P&H SMARTORQUE ST'EPLF.SS ADJUSTABLE FREQUENCY CONTROL PROVIDING 40: 1 

3 • SMARTORQUE EY.PRESS SPEED SYS'I'D1 

4. GEARED UPPER AND LOwn LIMIT SWITCHES WITH SLOW DOWN FOR LOWER 20' 

5. RADIO CONTROL WITH BACK~UP PENDANT 

THIS CRANE WOULD WElGE Al\OUT 100.000 LBS. TOTAl HORSEPOWER WOULD BE 
APPROXIMATELY 100 liP. 

GOOD LUCK ON THE PROJECT. PLEASE LET US KNOW IF YOU NEED FURtHER INFORMATION. 

VERY TRULY YOURS, 
HARNISCHFEGER CORPORATION 
J. B. FISCHENICH 
WESTERN REGIONAL MANAGER 
MAT~~!AL HANDLING EQUIPMENT 
0,,15) 635-4i42 

JBF/j:' 
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DEAR JACK: 

IN RESPONSE TO YOUR TELEPHONE CON\'ERSA TrON EARLIER TODAY. TO MODIFY THE BUDGET 
PRICE QUOTED IN OUR MARCH 5TH FAX TO COVER A DOUBLE TROLLEY CRANE WITH TWO 
INDEPENDENT TROLLEYS, REVISEt P1\.ICE F.O.B. MILWAUKEE, WI IS ........... $330,000 

" 
THE OTHER FEATURES WOULD RE..t1AIN AS PRESENTED IN THAT FAX. 

VERY 'I'RlTL Y YOURS. 
HARNISCHFEGER CORPORATION 
J. B. FISCHENICH 
WESTERN REGIONAL MANAGER 
MATERIAL HANDLING EQUIPMENT 
(415) 635-4742 

JBF/jr 
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4. MAGNET LOWERING IN A VERTICAL POSITION 

Two methods of lowering the magnets down a 30-ft shaft were analyzed: 

I. The first considered a crane similar to the one described for the 
horizontal lowering of the magnets, but with a different strong
back. In this case, the strongback would be used to hold and tilt 
the magnet by lowering one hook more than the other (see Exhibits 
4.1 and 4.2). The crane would have to follow a complex path that 
could be aided by purchasing a sophisticated computer control 
program. 

Placing guides along the shaft walls was considered and discarded 
because the crane operator would have to thread the ends of the 
strongback on the guides while managing a swinging load that might 
also be subject to operator jerking and complex handling at the 
bottom of the shaft. 

Computer programming of path control would be safer, require less 
operator handling, and avoid the installation of guides along the 
shaft walls. The strongback would be provided with balloon-type 
tires inflated at low pressure to avoid rubbing the magnets against 
the walls. 

The magnet will be bolted to the strongback using the external 
supports. At the bottom of the shaft the magnet will be placed on 
hydraulic jacks until the strongback is detached. The jacks would 
then lower the magnet onto the transport bogies. 

This method would require handling the magnet three times. First 
the magnet has to be lifted from storage and placed and fastened to 
the strongback, then the strongback with the magnet has to be low
ered down the shaft and placed on jacks, which in turn place it on 
the transporter. 

II. The second method (shown on Exhibit 4.3) takes advantage of gravity 
and a mechanical control of the magnet and strongback along the 
whole path. This method has the advantage of totally automating 
the descent of the magnets, thereby reducing the danger of damage 
to the magnets. This method does, however, require rehandling the 
magnet three times, once by crane or forklift from storage to the 
lowering device, then from the lowering device to a monorail crane 
that in turn will lift it and place it onto the magnet transporter. 
The method was not pursued further because the cost of the winch 
alone was quoted at $300,000 (see Exhibit 4.4), plus the cost of 
the guides and monorail. A crane is more versatile because it may 
be used for other purposes as well. 
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EXHIBIT 4.1 
MAGNET HANDLING WITH 
TWO-TROLLEY CRANE IN 
30-FT-DIAMETER SHAFT 
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EXHIBIT 4.2 
MAGNET LOWERING ONTO 
TRANSPORTER FROM 
30-FT-D1AMETER SHAFT 



EXHIBIT 4.3 
MAGNET LOWERING WITH 
MINE HOIST IN 30-FT
DIAMETER SHAFT 
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Connellsville hoists feature the most up-to-date 

engineering and developments. 

Available for AC or DC power with manual, 

semi-automatic and completely automatic control 

systems, Connellsville mine slope hoists have an 
extra rugged all steel drum grooved for single or 

multi-layer spooling of rope. Its alloy steel forged 

drum shaft is firmly supported by spherical roller 

bearings in strong steel housings. The hoists' gear

type couplings are fully and safely guarded - gear 

drives are enclosed in tough steel housings. Split
type shaft seals are used throughout. Hoist base 
and bed plates are all steel. 

Quick-acting gravity set and prime hydraulic re
leased parallel motion post brakes operate on a 

ductile iron or steel brake drum. An auxiliary spring 

set brake is furnished on the high speed shaft for 

additional protection. 

Standard equipment includes all required safety 

devices needed for monitoring speed, rate of ac

celeration and deceleration, brake wear and brake 
set and depth indication. 

For the best of the past combined with the best 
of today to handle your present and future needs, 
specify Mine Slope Hoists by Connellsville-there 

are none better. 

E,St. CQ~·T ~ ct 300.000. + 
I 

CONNELLSVILLE, PENNSYLVANIA 15425 412/628-8000 

SKIPS' CAGES' ELEVATORS • LOADING CHUTES' ROTARY DUMPS 
CARHAULS • COKEOVEN EQUIPMENT' SHAFT DESIGNS 

PREPARATION PLANT EQUIPMENT 

EXHIBIT 4.4 
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5. MAGNET TRANSPORTER 

Several alternative magnet transporters have been investigated. Equip
ment found that is commercially available and designed for this purpose 
is too wide to fit in the space allocated. Therefore, a special design 
was considered that consists of a tractor with a 1,OOO-lb draw bar pull 
and two bogies that are connected to a frame by means of swivel turnta
bles. The magnet is bolted or clamped to the frame. The tractor is 
connected to the forward bogie by means of a tow bar. (See Exhibit 
5.1. ) 

The magnet transporter must negotiate sharp curves at various places. 
Therefore, each bogie will be independently steerable by means of 
hydraulic cylinders or electric actuators remotely controlled from the 
tractor, or automatically steered by means of an automatic guidance 
system described in Section 6 of this report. The principal areas for 
sharp curves are: 

• Entering the tunnel after delivery through the 55-ft shaft. It 
is desirable in this area to have the automatic guidance system 
do the maneuvering to minimize the possibility of damage. 

• Around the detector bypasses. Again, it is recommended that the 
automatic guidance system do the steering. 

• Approaching the magnet stands for delivery. Manual steering 
from the control console is recommended here to avoid 5,000 
switches and a very complex control system. 

• Around the U tubes inside the tunnel when delivering a neighbor-
ing magnet. 

To reverse direction, the tow vehicle and the draw bar will be discon
nected from the bogie. The tow vehicle will travel to a turnaround 
niche and return, while the draw bar will be shifted to the other bogie 
and then be reconnected to the t~w vehicle. 

Details of the bogie maneuvering around cryogenics transfer areas can be 
seen in Exhibit 5.2. 

Cost of this equipment is estimated at $50,000 for a standard tow 
vehicle and $50,000 for the tow bar and bogies, for a total of $100,000. 

Exhibits 5.3 and 5.4, respectively, show a picture and dimensions of a 
typical tow vehicle. Please note that the width dimension exceeds the 
required 30 inches; however, we understand from the vendors that a 
vehicle can be designed to fit within the required width. The cost of 
this special design was not estimated and manufacturers contacted were 
not agreeable to quoting on the modifications. 

Exhibit 5.5 shows a catalog page featuring polyurethane wheels that are 
suggested for the bogies. The wheels selected are each 12 inch x 4 inch 
with 6,000 lb capacity. 

Exhibit 5.6 shows the basic tunnel sector dimensions used for calcula
tions of travel distances. 
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The magnet transporter tow vehicle's standard speed is approximately 
2 mph. The average round trip distance will be 5.4 miles and the maxi
mum round trip distance will be 10.8 miles. Allowing 30 minutes for 
loading, 15 minutes for unloading, and time for vehicle turnaround, the 
total average cycle time would be 3.8 hours and the maximum cycle time 
would be 6.5 hours. 

The number of transporters in service at any time will depend on the 
number of shifts worked, the number of hours per shift, the maximum 
speed allowed, etc. The least-efficient scenario is one in which mag
nets have to be delivered at a maximum distance from the delivery shaft, 
at one shift per day with 8 net working hours per day. 

Remembering that transporters have to be serviced and maintained, and 
that batteries must be changed or recharged after every trip, it would 
be necessary to purchase six transporters to be able to install 10 mag
nets a day on an average length trip at a transporter speed of 2 mph 
when working one shift. When installing magnets at the extreme end, 
more transporters would be required, and more hours of operation or an 
extra shift added. 

Consideration could be given to increasing the transporter speed to 
4 mph or more. In this case, the number of transporters could be 
reduced to four. However, with the tight clearances to be negotiated in 
the tunnel, this is a decision that should be made after tests are con
ducted in the Accelerator System String Test program. 

Exhibit 5.7 shows more detailed calculations of speed and horsepower. 
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EXHIBIT 5.1 
MAGNET TRANSPORTER 



EXHIBIT 5.2 
CRYOGENICS AREA BYPASS 



PRONTOW 
, , , 6433 , , , 

AUTOMATIC TOWING VEHICLE 

Control Engineering ~ =~~ 
Company ~+G ~ 

Affili.l~ oi ler\ 1\ B. w.bb Campol"" , 



FEATURES 
GUIDANCE SYSTEM: "Infloor" wire, five 
frequency capability, electromagnetic 
guidance. 

LOCATION IDENTIFICATION: Passive 
transponder cards, programmable to thou
sands of different messages. 

LOAD: Designed to tow two Prontow 6433 
auto-transfer trailers. 

LOAD IDENTIFICATION: Trailer presence 
is sensed at hitch pomt. Trailers interface 
with vehicle computer to perform load 
sensing. 

COMMUNICATION: Half duplex FM radio, 
continuous bidirectional controller to vehicle 
communications. 

LOW POWER "SLEEP" MODE: Vehicle 
automatically enters and recovers from power 
saving state to conserve battery during long 
idle times. 

VEHICLE CONTROL, AUTOMATIC: On
board microcomputer, with 32 character, 
twelve mode display. Monitors over 30 
vehicle functions. 

VEHICLE CONTROL, MANUAL: Brake 
release footswitch, accelerator pedal, for
ward/reverse directions switch, steering 
wheel, hom, and two emergency stop 
pushbuttons. 

SPEED CONTROL: Four programmed 
speeds between 0 and full speed, feedback 
controlled. Automatic acceleration ramp and 
controlled plugging for smooth automatic stops. 

MOTOR CONTROL: General Electric EV-l 
motor controller. 

EMERGENCY BUMPER: Front bumper 
covers entire width of vehicle, and is de
signed to stop vehicle within bumper deflec
tion. Failsafe optic design. Bumper exten
sions cover the width of the trailer. 

OBSTACLE DETECTION: Optical object 
sensors detect obstacles in vehicle path and 
stop vehicle until object is removed. 

DRIVE BRAKES: Failsafe, spring set, elec
trically released operation. 

EME"GENCY FEATURES: Flashing amber 
beacon, horn, manual reset emergency stop 
pushbuttons. 

Bulletin #3032 

I 

I 

r-- 30"-..;.....----17"·----...; 

SPECIFICATIONS , , , , , , , 

<0' 

;'\JOR.:\-lAL DRAvVBAR peLL 1000 lb. 

MAXIMUM TRAVEL SPEED, FeLL LOAD 160 FP~l 
(reduced in turns) 

MINIMUM TI.TRNING RADIUS 8 ft. 
(at reduced speed) 

STOPPING ACCURACY 
(with rated load) 

EMERGENCY STOPPING DISTANCE 
(from rated speed) 

BATIERY CAPACITY, TYPE 

DRIVEMOTORS 

+/-.5 in. 

26 in. 

72V, 600 AH 

(3) x 24V 

i GROUND CLEARANCE 2 in. 

i GROSS VEHICLE WEIGHT 
(with battery) 

6200 lbs. 

Performance data given is based upon specific application, and 
may vary with individual applications. For more information 
consult Control Engineering Company. 

8212 Harbor Springs Road 
Harbor Springs. MI 49740 

(616) 347-3931 FAX: 616-347-3931 x2:'"3 

;s 1080 Jervis B. Webb Company 
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EXHIBIT 5.7 

TOW VEHICLE CALCULATIONS 

HORSEPOWER 

Assumptions: 

Tow train weight 
Transporter speed 
Running friction 
Starting friction 
Drive train efficiency 
Battery voltage 
Battery use before recharge 

Calculations: 

4B,000 lb 
2 mph 
0.02 
0.05 
0.B5 

36 
BO% 

4B s OOOx.02x176 
Running HP for loaded vehicle = 

Starting horsepower = 

33,00Ox.B5 

.05/.02x6.02 

ROUND TRIP CYCLE TIME 

Assumptions: 

Average travel distance: 
Maximum travel distance: 
Average travel to turnaround: 

Operations Description: 

14,173 ft 
2B,346 ft 
1,771 ft 

1. Tow train picks up magnet at 55-ft E shaft 
2. Tow train travels to installation location 
3. Operators position and uncouple tow train 

= 

= 

= 

4. Operators unbolt and lift magnet 
5. Driver recouples tow train and drives off 100 ft 
6. Operators place magnet on stands; tow train 

uncouples, travels to niche, and returns 
7. Driver recouples tow train 
B. Driver returns to E shaft 
9. Driver uncouples, makes U-turn, and positions 

for new cycle 

Total = 

R85122A1519013 

176 fpm 

6.02 hp 

15.06 hp 

Average time 

7 min 
B1 min 
5 min 
5 min 
5 min 

22 min 
4 min 

B1 min 

J min 

21B min 
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6. AUTOMATIC GUIDANCE SYSTEM 

Vehicles traveling along the tunnel will have minimum clearance to 
bypass each other or bypass construction, welding, or testing equipment. 
For this reason, consideration was originally given to installing metal 
curbs and mechanical guidance systems. 

Curbs and mechanical guidance systems are problematic because they get 
in the way, especially in niches and tunnel bypasses. The problem can 
be solved by providing vehicles with an automatic electronic guidance 
system. An electric wire, carrying several different frequencies, would 
be buried on the concrete floor. Sensors on the vehicles would then 
follow these wires by means of a servo system controlling the steering 
system, allowing the vehicles to be automatically steered or remotely 
controlled. 

Exhibits 6.1 through 6.5 present vendor literature that illustrates the 
available systems and the amount of flexibility and control that can be 
achieved with automated guidance systems (AGS). 

A wire carrying several frequencies, around 4 to 12 MHz and 36 volts, is 
buried in the concrete by cutting a groove 1jB-inch wide x 1j2-inch deep 
and filling it with epoxy filler. RF generators would be required 
approximately every 3,000 ft. They could be mounted at each niche. 

In the case of the magnet transporters, the tractor and each bogie could 
be separately equipped with an AGS for more accurate guidance. Although 
the magnet transporter could be sent to its final destination by auto
matic pilot, a driver may be assigned to the magnet transporter for 
safety purposes. However, labor costs for installing 10,000 magnets are 
high. Based on an average of 3.B hours per average trip, it would take 
3B,000 net person hours of driving time, or as much as 50,000 personhours 
of total driver time. At $20jhour, this means close to $1,000,000 in 
labor costs, which mayor may not be justified. 

Vehicles could be guided automatically the entire distance to their 
final destination or they could _be guided automatically only on the 
through-lane, making the final destination a manual or remotely con
trolled operation. Costing supports the single-wire through-lane only 
option. There are approximately 5,000 possible destinations and two 
bogies per transport vehicle. This would require the installation of 
10,000 switches, each used only a few times in their lifetime. Vehicles 
would require an operator for other duties such as inching for magnet 
placement, disconnecting for turnaround, etc., so no labor would be 
saved. Therefore, it may not be justifiable to install more than one 
guide wire. 

The total cost for the installation of the guidance system would be 
approximately $2,500,000 for one lane and $6,000,000 for two lanes, plus 
some switches. This is a crude estimate by one vendor and is probably 
conservative. (See Exhibit 6.6.) 

The decision to install one or two wires for guidance should be made 
during Accelerator System String Test operations. 
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Computer manufacturer 
meets automation boom 
with material handling 

An automatic guided vehicle system helps 
Digital Equipment Corporation meet the 
growing demand for its products by moving 
printed wiring board components through 
a network of material handling 
subsystems.-by Tom Andel, associate editor 

The printed wiring board manufacturing process surrounds Dlglta/'s bus
Iness offices, so guided vehicles share aisles with office personnel. On
board electronic safety devices and signals Insure that the vehicles stay 
on the wire guldepath and that pedestrians are aware of their approach. 

The brain of a computer is a 
multi-decker sandwich of fiber
glass, epoxy and several elec
tricity-conducting ingredients, 
including copper, lead and gold. 
This multi-layer sandwich is a 
printed wiring board (PWB), the 
central nervous system that coor
dinates and regulates a com
puter's functions by providing the 
necessary electrical connections 
for message transmissions. How 
PWB's are made at Digital Equip
ment Corporation is a lesson in the 
art of material handling. 
For the past two years, an auto
matic guided vehicle system 
(AGVS) from Control Engineering 
Company, an affiliate of Jervis B. 
Webb, has moved PWB's through 
a network of 11 processing sub
systems, all separated by walls at 
Digital's Greenville, SC manufac
turing plant. This year the facility 
will process twice as much board 
material as it did in 1983 - eight 
times 1982 production. By the end 
of 1986 the plant will have reached 
a yearly output of two million 
square feet. 
In order to integrate this network 
of 11 manufacturing centers, the 
plant utilizes conveyors, lifts, 
carousels, racks, pick and place 
mechanisms and other material 
handling equipment. 
These material handling sub
systems must: 

-Help satisfy the growing de
mand for multi-layer PWBs 
without the luxury of large work
in-process (WIP) inventories; 

- Be isolated from each other by 
walls to conform with local fire 



GUIOANCE SYSTEMS 
PronTow Automatic Guidance, or SELECTRONIC 
Steering, can be either magnetic or optical. In 
both systems, steering is accomplished by elec· 
tronic controls on the tractor which sense the 
relation of the tractor steerable wheel to a tow· 
path on the floor. The controls sense and follow 
the towpath, steering automatically so as to keep 
the wheel centered on the towpath. SELECTRONIC 
Steering is so precise that the wheel stays 
within a fraction of an inch of the center of the 
towpath. It is so foolproof that, should the 
tractor stray too far from the center of the 
towpath or run off it completely, the tractor will 
stop immediately. It will stay stopped until it 
is put back on the towpath and started again. 

The type of automatic steering to be used in 
any patricular system is determined by the 
number of tractors required and other factors. 
Magnetic guidance, which follows a wire set in 
the floor, is best suited for permanent towpath 
routes, course switching and multiple tractor 
use. Optical guidance, being simpler and more 

MAGNETIC 
GUIDANCE 

Magnetic guidance is accomplished by means 
of a low frequency excited guide wire placed in 
a shallow groove cut in the floor. Right and left 
hand sensing coils on the tractor detect the 
magnetic field generated by the wire and pivot 
with the steerable wheel. Voltages from the coils 
are amplified and the signal level difference 
between the two coils is compared. The result· 
ing difference between the sensing coils sends 
signals to the steering motor to steer right or 
steer left to center the coils (and thereby 'the 
steerable wheel) over the towpath wire. 

A signal level detector measures the signal 
strength and permits operation only when signal 
strength is sufficient for guidance. The traction 
motor will not operate without sufficient signal 
strength. 

Magnetic guidance is more versatile because it 
can be used with a Blocking system which allows 
more than one tractor to be used on the same 

economical, is particularly useful where routes 
are changed periodically. It is not recommended 
for outdoor use or where keeping the towpath 
clean is a problem. Both systems provide accurate 
and reliable driverless steering, even at full 
speed. 

Radio controlled steering is also available and 
requires no towpath for the tractor to follow. 
The movement of the tractor is controlled by a 
human operator equipped with a push button 
radio control transmitter. Radio control can also 
be used in conjunction with automatic guidance, 
stopping and starting the tractor while the auto· 
matic steering guides it along the towpath. 

In automatic guidance systems. the PronTow 
steering servo mechanism uses magnetic particle 
clutches that exert the exact torque necessary 
to provide smooth. accurate steering over the 
center of the towpath wire. There is no hunting 
back and forth as with friction·type clutches to 
give jerky steering and almost continuous wear. 

ftACTlON 
MOTOI 



J~path without collidini. Mainetic iuidance sys
[ems can also include automatic route selection, 
programmed stops, automatic door opening, warn
ing light and horn sounding controls, automatic 
uncoupling and a number of other special 
applications. 

OPTICAL 
GUICANCE 

In optical guidance the towpath is a line con
trasting in color to the floor. The line can be 
either painted or laid down in the form of pres
sure·sensitive tape. Light·sensing elements on the 
tractor distinguish the difference between the 
color of the floor and the contrasting color of 
the paint or tape. The information provided by 
the light-sensing elements is evaluated for level 
difference and steering signals sent in much the 
same way as in magnetic guidance. A safety 
condition is recognized for both all dark or all 
light surfaces, such as the end of a tape or a 
white newspaper over the tape. When such a 
condition occurs, the tractor immediately stops 
and remains stopped until put back in operation 
by a human operator. 

RADIO 
CONTROLLED 
GUIDANCE 

Guidance by radio control allows movement of the 
tractor to be continually controlled by an operator 
in a remote location. 

A compact, transistorized radio transmitter with 
rechargeable batteries is provided for the operator. 
The tractor will move forward as long as the trans
mitter is operating and will brake to a stop when 
transmission stops. 

Operating the transmitter generates a signal which 
is transmitted via the built-in antenna. No external 
wires or belts are necessary. The signal is picked up 
by the tractor antenna and directed into a receiver 
having the same frequency as the transmitter. This 
signal operates controls that operate the traction 
motor. 

The filter and superheterodyne circuit in the receiver 
insure against interference from other sources since 
only the particular radio frequency involved is 
capable of operating the tractor receiver. 

An optical guidance system can do any of the 
things the magnetic system can do in a single 
tractor system. And, optical guidance is less 
expensive since it requires no guide wire or 
amplifier. It can be installed by the customer, 
which makes it ideally suited for installations 
requiring frequent or periodic changes in routes 
and stops. 

~L._ • 

. -. - -

• .' 

'" -...... -..... -
'. J 
-" 

1 



The steering module is operational as an 
automated or manual guide system for the tractor. 
The steering motor is actuated by a pick·up sen· 
sor coil which is activated by a single control 
wire imbedded in the floor. Directions for guid· 
ance is picked up by the sensor coil and relayed 
to the control panel· then to the steering motor. 
The use of a specially designed· dual wheel
steering unit reduces friction and strain on the 
motor unit by reduction of area contact on floor. 
The motor, the finest heavy duty, clutchless and 
brakeless available in conj unction with a pulse 
modulated drive control, enables the TigerTow 
tractor to respond more rapidly and track more 
accurately in all situations. The total steering 
unit has thus been engineered to assure long 
life and maintenance·free dependable service. 

ELECTRICAL 
ELECTRONIC 

and 
UNITS 

The Mark Series tractor is the only available 
unit offering a fully solid state electronic control. 
A manual Program Selector Panel with a see
through locking cover is conveniently located on 
the top - front of the tractor. The Standard pro
gram panel IS equipped with toggle type switches 
in conjunction with the Standard programming 
system. The Full Random Access programming 
system utilizes thumb wheel selectors in the con
trol panel. Standard programming provides 25 
station stops. This panel can be expanded to 
meet additional station stop requirements. The 
use of solid state printed circuit boards allows 
easy installation and changing; these boards re
quire no adjustments and are of the Go - No Go 
type. The boards are securely held in position by 
a retainer bar thus assuring proper contact and 
operation. An additional safety feature provided in 
the electrical system is a - Quick Disconnect
lever unit conveniently placed on the top of the 
tractor for easy access and activation, assuring 
an immediate - Inoperative - condition of the 
tractor. All electrical fuses are centrally located 
in a fuse compartment with a swing-up lid for easy 
replacement if required. 

EXHIBIT 6., 
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Automatic Guidance for 
materials handling 

Since time began, human beings have conducted a 
never-ending search for new "rays to make their 
"Tork n10re efficient and to avoid heavy, monotonous 
and dangerous tasks. " 

Roller tahlt'~. COlwt'YOr helts and a wide variety 
of conVeyance ~\stcm~ have heen anilable for 
mam Years .. \I~d tod.1\. thLlnb to automLltic 
guid~1ncl' tt'chnolog\ Lln'cJ ~\'Stems. a J1e\\' means 
;t' tr':lI1~port.1tion l~;~ bel'Ji making impressi\e 
head\\.1\ \\ithin a hro.1d field of .1pplicatiom. 

The carrier C1n lw defined a~ a dri\erles~ Ye-

SI"GLE WHEEL DRIH .-\:->D STEERI"G 

lI'\JT -\ ,J) 

~TFFRI'\(j SER\O 

Sr,'Ok 
1I,n 

DRI\T SER\O 
.-\'\lI'LiFIER 

The carrier i<, guided between a number of 
pick-up and deli\'ery points by means of an in
ducti\e loop \\'hich is permanently embedded 
into the floor. It is equipped with a sensor ha\
ing t\\·o coil-, which sense the electromagnetic 
field induced by the wire guidepath. 

\\'hen the carrier is centered directly above 
the \\ire (picture no 1). equal \'oltages- are in
duced in the coils. But if the carrier moves 
slightly to either side of the wire. as in a curw, 
the voltages \\'ill differ. This difference is ampli
fied and thcrern controls a servo motor which 
turns the stcer~d \\'heel or actuates the drive 

hide. often provided with loadhandling equip
ment such as roller tables. forks. clamps. 
grapples or the like. 

They are propelled hy battery-driven electric 
motors and have varying wheel configuratiom 
depending upon maneu\erablity requirements. 

\\IRI 

DlFFERE'I1T1Al STEERI"G 

DRI\'E SER\O ~ ~, 
.".\lPLlFIFR I 

DRI\'E SER\() 

'''.\!PLIFIER 

,sheels so that the carrier returns to its centered 
position. This arrangement provides very accu
rate steering. 

The carrier may be equipped with its own in
telligence in the form of a microcomputer which 
can control sophisticated handling devices and 
communicate with a central computer system. 

Automatic guidance systems can also be used 
for applications where automatic control is to 
be implemented to provide high-precision ma
neuverabilitv for narrow aisle trucks used in 
high-rise wa'rehouses. 

<.C 
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STEER1'-G SER\O 
,o,.\\PLIFIER 

SER\O 
:\,\\P~;ri::?, 

SI!'iGlE WHEEL DRIVE :\~D STEERI:--;G DRln .\\OTOR 

An offer of ultimate AGVS 
• expenence 

T odav, fifteen years after the deliven' of our first 
carrier contr~l system. our accu~ulated ex
perience has made us an international leading 
electronics company within the field of AGVS. 

The third generation systems and control 
equipment VI'; are designi~g today incorporate 
all of the benefits gained trom this extensive 
experience. In addition. our customers can rely 
on the sophisticated time-tested products we 
supply. 

R &. 0 within the field of AGVS is pursued 
continuously at \:OC, and the fourth generation 
systems are just about to be introduced. These 
systems are being increasingly integrated with 
automatic production facilities that vary widely 
in complexity. :\pplications of this kind will re-

quire reliable systems which can communicate 
vvith a broad range of production equipment. 

Our fourth generation carrier systems 'will be 
designed to anticipate the ever-more-complex 
applications of the future. 

High availability 
In a carrier system, the transportation function is 
incorporated into the system itself, rather than 
being linked to a single vehicle. 

The system is thus invulnerable to all types 
of operational disturbances. If a single carrier 
goes down, the transport function is not incapa
cited. Instead, an unoccupied carrier is called 
in as a replacement. 



AGVS for aisle-to-aisle trucks 

.-\G\· 
CO'.TROL 

STEERJ'\G 
CO'\TROL 

SE'-.SOR U,\IT 

STFERED WHEEL SE'\SOR 

/\GV CO'\TROL 
U,\IT 

Carriers, unlike manual trucks, "vere designed 
for automatic guidance techniques from

L 

the 
outset. On trucks, hovvever, the electronics and 
servo systems have to be adapted individually to 
existing mechanical facilities to ensure optimal 
functioning and reliability. 

The particular electronic and/or hydraulic 
sen'o steering system that is chosen will de
pend on your eXisting mechanical facilities. 



AG\' CO'TROL PA'EL 

:\GV co'.; TROL 
U'.;IT 

Experienced ?\OC engineers will be pleased to 
help you evaluate your system and convert your 
narro\\' aisle trucks for wire guidepath control. 

Sensors and servo amplifiers used in the elec
tric seJ":o steering system are available from our 
range of carrier components. In most cases, our 
standard AGV control equipment can be used 
without modification. 

STEERI'.;G SE,\SOR 

ELECTRICAL 
STEERI~,G ,\\OTOR 

BUTER, 

11 



~ 8111 347"*' EXT. 273 

ReDly to: 
6611 Folsom·Auburn Roao 
SUite D 
Folsom. Califorma 95630 
::Jhone: (916) 988·1698 

~ 
8212 HARBOR SPRINGS ROAD I HARBOR SPRINGS, MICHIGAN 49740 I (616) 347·3931 

Control 
Engineering 

Company 
afflilat. of the JERVIS B. WEBB COMPANY 

Kaiser Engineers, Inc. 
1800 Harrison st. 
Oakland, CA 94623 

April 17, 1990 

Attn: Mr. Jack Delaney 

Subject: AGV Budget Pricing 

Gentlemen: 

for Super Collider Project 
CP-90-0066 

With regard to our conversations, the following is a rough order 
of magnitude price breakdown for the subject system: 

Ten (10) Model 1001 Tuggers @ $50,000 ea ......... $ 500,000 
Ten (10) Special Trailers @ $25,000 ea ........... $ 250,000 
Guidepath and Installation ....................... $6,000,000 
System Equipment ................................. $ 50,000 
Engineering ...................................... $ 300,000 

Total ROM Pricing $6,830,000 

Should you have any questions regarding the above pricing, please 
do not hesitate to contact me. 

JKw/mg 

Sincerely, 

\.ON~R01.,'~VN:ERIN~ COMPANY 

/.~Kcf~ 
'John K. walenta e4. 

I.Sales Engineer/Western Region 
v 
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7. TROLLEY AND BATTERY SYSTEM 

Due to the long traveling distances inside the tunnel, consideration was 
given in early stages of the conceptual design to providing all vehicles 
with trolleys as well as batteries. 

Two different conductor bar systems would have to be installed to avoid 
lowering the trolley every time two vehicles pass each other, since 
traffic will be heavy in both directions. 

Trolleys mounted on vehicles should have a swing of 24 inches in order 
to bypass each other and return to the through lane in the tunnel. 

In general, vendors are recommending against trolleys because of their 
expense, the technical difficulties involved, the safety problem, the 
high cost, and the space requirements for both conductors and trolleys. 
Cost of the trolley and conductor system was quoted by one vendor at 
$9.4/ft for the conductor and $150 per carrier. For 108 miles of con
ductor, the cost of conductor alone would be 104 x 5,280 x 9.4 = 
$5,161,728. This number includes neither discounts nor installation 
costs. 

A battery system will operate for four to eight hours, after which it 
needs recharging. Since vehicles are not used continuously, batteries 
should be operational throughout a shift and be recharged during the off 
shifts. 

Vehicles can also be designed for a rapid exchange of batteries. A 
special battery cart with an adjustable roller floor can be used to 
deliver batteries to stalled vehicles. Two carts would be required for 
a changeout: an empty to take the discharged batteries and a loaded 
cart to deliver the charged batteries. Exhibits 7.1 and 7.2 illustrate 
the type of equipment available for this purpose. 

Exhibit 7.3 is a proposal by Insu18 Corporation for a trolley system in 
the tunnel. This scheme requires a fixed carriage on wheels to carry 
the pickup shoes towed by the vehicles. U.S Safety Trolley Corporation 
also makes a trolley and pickup carriage system which consists of a 
molded PVC bar with copper inserts and a pickup carriage. These are not 
practical solutions because trolleys could not be easily disengaged for 
passing, but the proposals do provide useful information for further 
development work. 

Due to the high traffic expected during installation and the technical 
problems and cost of a trolley system, we recommend against the use of 
trolleys at this time. However, room should be left for trolley instal
lation in case it proves desirable for other reasons in the future. 

NOTE: Battery charging must be done in well-ventilated areas, as hydro
gen gas is produced during charging. This item deserves deeper study 
because good underground ventilation may be difficult to obtain in cer
tain areas. The study should also evaluate the use of sealed batteries 
to reduce hydrogen emissions. Sealed batteries may allow vehicles to 
charge at their work locations but waivers to existing regulations would 
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have to be obtained. The use of Fiber Nickel Cadmium batteries and 
opportunity charging should also be evaluated. A fast charge can be 
applied to these batteries, so that vehicles can keep moving without 
stopping to change batteries or wait for a long charge. These batteries 
use a potassium hydroxide electrolyte and few gases are released during 
charging. A supplier of these batteries is Hoppecke Battery Systems 
Inc. in Butler, New Jersey. 
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Roller Trays 

Roller 
Model Width OW 
RT-6 6" 7-~~ 

RT-12 11" 13" 

RT-15 15" 16-Y2" 

Battery Rollers 

Requires 1 V2 " X 214 " cutout. 

All Dimensions Shown are Nominal and Subject to Change Without Notice 

10 MATERIALS TRANSPORTATION COMPANY 

EXHIBIT 7.1 



AMERICAN'S 
M-1170 

SCISSOR LIFTS 

American's Pantograph Lift Tables, in the 
M-1170 Series, have been designed for all 
industries using pallets or skids. The Ponto· 
graph Lift Tables, due to the small platform 
sizes, can be used in restricted spaces 
where larger, bulkier handling equipment 
cannot maneuver. The high travels are with· 
in the working height of most machines or 
operations, which eliminates reaching and 
bending by the operator. Loads may be 
positioned at any point in the up and down 
travel making the load accessible to the 
operator from all sides and levels, in turn 
eliminating worker fatigue and promoting 
safer handling. 

The capacity range of the Pantograph 
Series-l000# to 6000#-allows versatility 
as to the types and sizes of material which 
can be handled. Equipped with wheels the 
units are easily maneuverable for position
ing loads in the working area, or to move 
from one location to another. 

SPECIFICATIONS Model. appearing in bold face type are regular stock items. 

Vertical Collapsed Height Platform Size Phenolic Roller Up Travel Time Steel 
Madel Capacity Travel Min. w/wheels Min. Max. Bearing Wheels l/~ HP Ilh HP Deck 

M-1170-2A 4000# 36" 7" IS"x 48" 24"x 60" 35 sec:. 3/16" 

M-1170-2B 4000# 36" 7" 71/2" 24"x 4S" 36"x 60" 6" dia. 35 sec:. 18 sec. 3/16" 

M-1170-2C 3000# 4S" 7" 7112" 24"x 60" 36"x 72" 6" dia. 35 sec. 18 sec. 3/16" 

M-1170-2D 2000# 60" 7" 71/2" 24"x 72" 36"x 84" 6" dia. 35 sec:. 18,ec:. 3/16" 

M-1170-2E 6000# 36" 8" 81/2" 24"x 48" 36"x 60" 6" dia. 48 sec:. 24 sec. 3/16" 

M-1170-2J 4000# 48" 8" 81/2" 24"x 60" 36"x 72" 6" dia. 48 sec:. 24 sec:. 3/16" 

M·I t70-2K 2000# 84" 12" 121h" 32"x 84" 48"x 96" 6" dia. 48 sec. 24 sec. 3/16" 

M-1170-2L 3000# 60" 8" 8112" 24"x 72" 36"x 96" 6" dia. 48 sec. 24 sec. 3/16" 

M-1170-2M 4000# 84" 10" I Ol/~" 
J ~ 

32"x 84" 48"x 96" 6" dia. 96 sec. 48 sec. 3 16" 

M-1170-2N 6000# 60" 10" 10'h" 32"x 72" 48"x 96" 6" dia. 70 sec. 35 sec. 3 16" 

M-I 170-2P 4000# 72" 10" 1011'2" 32"x 84" 48"x 96" 6" dia. 96 sec. 48 sec. 3 16" 

Vertical +ravel plus c:ollapsed height equals overall height. 

NOTES: 

Down Travel Time is about 10 secs. ALL MOTORS ARE T.E.N.V. 

~ HP pumps are either 1/1.0/ II 0 or 3/1.0/220-+40 V. Ph HP pumps are 3/1.0/220-+40 V. 

Std. controls are foot pedal or push button up and down. 

Capacities are gross. Deduct for any extra platform equipment or rolls for net capacity. 

EXHIBIT 7.2 



JNSUL .. S'U 
:ORPORATION 867 AMERICAN STREET - P.O. BOX 1188 - SAN CARLOS, CALIFORNIA 94070-1188 

TELEPHONE: 415-595-3050 - FAX: 415-595-4801 

April 19, 1990 

Kaiser Engineers 
1800 Harrison 
P.O. Box 23210 
Oakland, CA 94623 

Attn: Mr. Jack Velaney 

Re: Cart Electrification for Super Colider Project 

Dear Mr. Velaney: 

Insul-8 Corporation is pleased to submit our proposal and 
budgetary figure for this application. 

The product we propose is a standard catalog line. We offer to 
mount 120 Amp Cluster Bar in a aluminum channel. Aluminum 
channel would serve as bracket for supporting electrification and 
as riding surface for carrier towed by service cart. 

Cluster Bar is designed in a modular concept to fit in confined 
space. The product is UL listed and meet the European 
specification for "Finger Safe" to guard against accidental 
contact to a "Live" surface. The Conductor has a inverted "V" 
for positive tracking of the Collector. The fifteen feet 
sections will be joined by a bolted splice assembly. 

Collector carriers shall have a long life bearing with minimum 
diameter of 2 inches. All bearings shall be mounted externally 
for ease of maintenance. 

Our budgetary figure for this design is $9.40 per linear foot of 
system. Based on parallel systems of 4 Conductor and each system 
being 56 miles, the total budgetary number would be $5,559,000.00. 
Collector carrier would be additional and budgetary number for 
each carrier is $150.00. 

If you have any questions, please call at your convenience. 

regards, 

Manager 

DS:las 

cc: Optimization Marketing 
Attn: Bob Fansler CD 

DEIoACII&UK 
CYUIDIT'" ') 



ORPORATION 867 AMERICAN STREET· P.O. BOX 1188· SAN CARLOS. CALIFORNIA 94070-1188 
TELEPHONE: 415·595·3050· FAX: 415·595-4801 

SUGGESTED SPECIFICATIONS FOR INSUL-8 
CLUSTER BAR 

October/89 

The conductor/collector system shall be 40 Amp galvanized steel 
or 120 Amp copper conductor that supplies electric power to 
moving carriers as manufactured by Insul-8 San Carlos, CA. The 
product shall be UL listed for 600 volts. 

Conductor shall be roll formed inverted "V" cross section encased 
in an insulating PVC outer cover in 15 foot lengths. The PVC 
cover shall completely insulate the conductor and collector shoe 
while in operation. 

Conductor shall comply with the European International Protection, 
IP2, standards for "finger safe". 

There shall be an option of joining methods to connect conductor 
lengths together. A four bolt splice plate with plastic outer 
cover or a crimp-on splice connector with plastic outer cover. 

Expansion section shall be manufactured from conductor having 
two overlapping covers of expansion gaps to accommodate thermal 
expansion and contraction. The expansion shall be 6 foot length 
and supplied with internal flexible copper cables to transfer 
current within the overlapping cover of expansion gaps. During 
operation the collector shoe shall follow the continuous inverted 
"V" cross section without electrical or mechanical interruption. 

Isolating section shall be for electrical separation where 
different electrical powered areas are required. This section 
shall be manufactured with plastic transfer caps and mechanically 
aligned 0rackets to hold the conductors rigid for collector shoe 
travel. This section shall be supplied in 6 foot lengths. 

Hanger clamp shall be polycarbonate molded hanger suited for 
vertical and horizontal mounting. Hanger clamp shall allow for 
snap in conductor mount with a sliding tight fit. Spacing of 
the hanger clamp shall be three feet on straight runs and two 
feet on curves. 

Powerfeed shall be bolt in clamp for number 10, 8 or 6 AWG cable 
cable sizes. The powerfeed shall be supplied with a plastic 
outer cover. 

Collector shall be a spring loaded, insulated arm assembly that 
articulates in both the vertical and horizontal directions. An 
easily replaceable contact shoe and case holder shall be the 
only wearing parts. Collector shall be rated at 30 amperes 
continuous duty. (D 



CLUSTER-BARTM 
TYPICAL 4 CONDUCTOR SYSTEM 

... 1 ____ --------- SYSTEM LENGTH 

COPPER 96'·on 100' MAX .-, .......... 1 .... ..----- ------I 
STEEL 141'·on 

CIh.. 

.... 

81 1 : ,I ,)I( • CT) • 

.6. 
IC';' • 

• )I( • ,-,!-. ----o·>-t-I -t! +1 -HI 0 
81 1 " 1 ,)I( • )I( • D!-' ----o·>-t-I -tl +1 -HI 0 
8 ' 1 I" ,)I( • )I( • r-1!-. ----o.>-t-I -tl +1 -Hi 0 

• :t) • 

I :'-f8\ 
. 

'-® 
• )I( • D!-' ----o·>-t-I -tl +1 +!! 0 8! 1 ,'! ' ,)I( , 

©J'! 1,1 Li '-@'-® 
~ , 3'·on MAX --....., 
i " (HANGER SPACING) I 

I! \.EJ 
1 

~ 15'·0" 

r 

6'~ 
I 
I 
~ 

I,-® 
I 
I 

II 
~ f---l'·6n 

I I 
I I 

l' ·6" ---l f.-e-

NOTE: MAXIMUM LENGTH WIO EXPANSIONS 

120 AMP COPPER IS 150' 
40 AMP STEEL IS 150' 

BILL OF MATERIAL 

A CONDUCTOR SECTION 15 FOOT LENGTH ..................... See Page 3 

B EXPANSION SECTION 6 FOOT LENGTH ........................ See Page 3 

C POWERFEED ............................................ See Page 5 

D SPUCE ASSEMBLY ....................................... See Page 8 

E HANGER CLAMP ......................................... See Page 4 

F SUPPORT BRACKETS ..................................... See Page 4 

G ANCHOR CLAMP ......................................... See Page 4 

H END COVER ............................................. See Page 5 

ISOLATION SECTION ...................................... See Page 9 

J COLLECTOR (Not Shown) ................................... See Page 5 

K COLLECTOR MOUNTING STAFF (Not Shown) ................... See Page 5 

? 



CORPORATION 

CLUSTER-BARTM 
U.L. LISTED 

Wated Underwriters' Laboratories - File No. E 16232 

PATENTS 
Insul-S'" products are manufactured under patents issued 
and pending in the U.S.A. and other countries. 

SPEED 
Standard Cluster Bar Systems operate to 600 FPM. Consult 
factory for higher speeds. a.. S 1'1"1( 

CONDUCTORS 
Continuous roll formed inverted "V" cross section encased 
by an insulating PVC cover. Conductors are available in 40 
AMP galvanized steel and 120 AMP electrolytic copper. 
The PVC cover meets all requirements for plastic electrical 
insulation and is UL94 rated V-O - will not support com
bustion. U.L listed to 600 volts. The standard conductor 
assembly length is 15 feet 

CONDUCTOR: 

LISTINGS 
Listed Underwriters' Laboratories. Inc. - File No. E16232. 

EXPANSION SECTIONS 
These 6 foot sections are factory assembled with an over
lapping design to provide continuous contact with collec
tor shoes. Powerfeeds and flexible jumpers are installed to 
meet electrical and mechanical requirements. Spacing for 
expansion sections is every 96' for 120 AMP copper con
ductor and every 141' for 40 AMP steel conductor. See 
chart below for gap setting. 

~ 2n 
r---

I 
i n~lh" 

I '----. 

, 1'1 '-----,'-___ -1, f--___________ ---'fL '--'-

.20~-- - 15'.0" ~i 

112"--- --

Bolted Splice Connection Crimp Splice Connection 

Part No. 28656 40 AMP 15 ft (Wl 2) Part No. 28101 40 AMP 15 ft (Wl2) 
Galvanized Steel 40 AMP Special Part No. 28993 Galvanized Steel 40 AMP Special Part No. 28109 

Part No. 28655 120 AMP 15 ft (Wl3) Part No. 28100 120 AMP 15 ft (Wl3) 
Rolled Copper 120 AMP Special Part No. 28992 Rolled Copper 120 AMP Special Part No. 28108 

Splice kit included with price of conductor. Factory engineered curved systems available. 

EXPANSION SECTIONS: 
....--/------ 6'-0" 

91f%" 

l • 

11/."-

Bolted Splice Connection 

Part No. 28658 40 AMP 6 ft (Wl 6) 
Galvanized Steel 

Part No. 29657 
Rolled Copper 

120 AMP 6 ft (Wl 7) 

IEECIWIT 
I. IlIIT1IUCTIOIII 

MAX 1 Ill' MOVEMENT 

Crimp Splice Connection 

Part No. 28104 40 AMP 6 ft (Wl 6) 
Galvanized Steel 120 AMP 6 ft (Wl 7) 

Part No. 28103 120 AMP 6 ft (Wt 7) 
Rolled Copper 

3 

GAP SETTING CHART 
Temp. (oF) Dim. 'X' 

120° 112 
110° 5/8 

100° 3/4 

90° 7/8 

80° 1 
70° 1 - 1/8 
60° 1 - 1/4 

50° 1 - 3/8 

40° 1 - 1/2 

30° 1 - 5/8 

20° 1 - 3/4 



CLUSTER-BARTII 
"'''NGER CLAMPS 

ded polycarbonate hangers designed for vertical or 
-,orizontal mounting. The hanger clamps "snap-on" the 

:onductor for a sliding tight fit No field adjustments are 
required. 
~rt No. 28112 - Single 

- 1"-
V1aterial: 

Plated Hardware 
r-Nt .08) 

-MULTI-CONDUCTOR CLAMPS 
__ 111z" -- - lfl'-20 

'L-----L...' _:: .... -- : , 

_ 3/4"_ 

Material: - - Part No. 28113 - 3C 
28114 - 4C 
28115 - 5C 

Aluminum Mounting Channel 
with Hanger Clamps 

Consult factory for qualities not shown. 28116 - 6C 

WEB BRACKET 

- 5"-
3/4" -31f."-- -- --L1'I4" , __ , 

21ft" ~--'--1---Y;=====;;;;fi;;:;;;;fI~~~J·-=-~----,-----L1 

I ~ -- - '14" 231," r -- 21
/." -- >=" 

Material: 
Aluminum Channel 

=::-::=':=:: t::::---.J -"-':,1 .. -.- .. ~ .... 
liz" SO.-

Part No. 28665 - 3C 
29939 - 4C 
29940 - 5C 
29941 - 6C 

ANCHOR CLAMPS 
Molded plastic pieces that are bolted together and are 
positioned on each side of the hanger clamp. The anchor 
clamps hold the conductor firm while allowing thermal 
expansion and contraction. 
Part No. 29864 - Single 

-- 1" -- 15/32" 
___ 7/." __ 

n~' Dbl ---- '\~ -, :-'~ ---

----- ...... --~ ---

-35/32"-
Material: 

FLANGE BRACKET 

Plated Hardware 
r-Nt ,14) 

-- 41ft" .. - 4112"-

Part No. 29944 (Shown) 
(6 snap on hanger clamps 2/4.) 

MULTI-CONDUCTOR 
FLANGE BRACKETS 

Part No. 
28686 - 3C 
29942 - 4C 
29943 - 5C 
29944 - 6C 
29986 - 3C 
29987 - 4C 
29988 - 5C 
29989 - 6C 

Bracket SettIng 
211 
2/2 
2/3 
2/4 

0/3 
0/4 
0/5 
0/6 

3/4"_ --



POWERFEEDS 
Simple bolt on clamps used with number 6,8, and 10 AWG 
cable sizes. 

POWER FEED SPLICE KIT 
;")art No. 28067 - #10 AWG 
Part No. 28066 - #6 AWG 

1"-

- --.600 
Material: 

Copper Clamp 
PVC Cover 
Plated Hardware 
Wt .4 

END COVER 
Part No. 28105 

- 1" -- 3" 
Material: 

Polypropylene 
Boot Type (\Nt 3) 

COLLECTORS 

-#10AWG 

--- 2%" --
! 
- :--~:-E=-'---'--o-~ _____ , __ _ 

--1- - -, 

- _:" __ _______________ I 

---- 2" ~ 
___ 21/4"_ 

--- 31/2"--

- 5fe"-

CLUSTER-BART" 
END POWERFEEDS 

Part No. 29836 - #8 AWG 
Part No. 29837 - #10 AWG 

#8 AWG 
DR 

#10 AWG 

--13/16"--

~ : : .j::---- ,"'15 1 J:-~ =--':',"-~. , .. ----
': I 

----- - - - ! 

1/
2
"- ---

-19/32"---

15f." - __ 1---_______ _7116" 

STAFF COLLECTOR MOUNT 
Part No. 28822 - Single 

- 11/32" DlA. 

2"-- --
• 

Part No. 29182 - Double 

Ir--=. .• ~, =::::==:....1',--' 
i -: - - -: - I 13/4" 2'/r" I· .! 

1, 

13116" -- --

23111"--

8" • 

Insulated contact heads mounted on self centering spring loaded arm assemblies that articulate in both the vertical and 
horizontal positions. Exposed metal surfaces do not carry current, as mounts are grounded. The sliding contact type confines 
wear only to the easily replaceable contact shoes. 

COLLECTORS: 30 AMP, 31.4" Minimum Spacing 

, II/a" 

Tl1fa"-r-G:'~e,=,,~,,~~-~. 
-- ~ 11/16" 
'-= ~ 

. :, 

____ 57/." __ 7/." - 1/4-20 

7314" --- LATERAL MOVEMENT+ 1" 

Channel Mount (\Nt .8) Part No. 29932 - 3C 
29945 - 4C 
29946 - 5C 
29947 - 6C 

5 

• 11/." 

__ 51f." ----" -- 7/." ~ 112"SO. BAR 

Part No. 29830 
'h" Square Bar Mount (Wt .8) 
(Mounting Staff Available. See above.) 

LATERAL MOVEMENT± 1" 



ENGINEERING DATA FOR CLUSTER-BARTII 
Proper slection of Cluster -BarT. contact conductor systems 
is simple. requiring only the ampacity. voltage and ambient 
conditions. 

The method determining the rating for cranes and hoist is 
completely outlined in NEC 610-14(e). Further reference to 
the Code are made where applicable. 

I. For a single crane. simply use the nameplate full load 
ampere rating of the largest motor or group of motors for 
anyone function plus half the rating of the next largest 
motor or motor groups. 

Hoist = 65a x 1.0 = 65.0 
Bridge = 27a x 0.5 = .,;..13.:.... . ..:..5 __ 

Total 78.5 amps 

II. When the motor ampere ratings are unknown. a good 
approximation may be made using the nominal horse
power ratings of the motors. converting them to full load 
amperes per NEC table 430-150 and proceeding as 
above. If the motors are not three-phase. applicable 
tables 430-147 through 430-149 must be used. 

A few examples trom the tables are: 

Full-Load Current (Three-Pha.e Alternating-Current Motors) 

HP 230V 460V 575V 
10 28 14 11 
15 42 21 17 
20 54 27 22 
25 68 34 27 
30 80 40 32 
40 104 52 41 
50 - 65 52 
60 - 77 62 
75 - 96 77 

100 - 124 99 

Electrical Data 

RESISTANCE 
CONDUCTOR AMPACITY R (DC) 

Steel 40 AMP 2382 

Copper 120 AMP 245 

Voltage Drop Per 100 Feet of Run Per 100 Amps of Current 

30 
CONDUCTOR 60HZ @ 3% 480 VOLTS 

Steel 40.1 90 feet 

Copper 4.1 293 feet 

7 

Full-Load Current In Amperes, Direct-Current Motors 
Armature Voltage Rating (Direct-Current) 

HP 240V 
10 38 
15 55 
20 72 
25 89 
30 106 

VOLTAGE DROP 
"The arithmetical difference between the voltages at the 
feed point and the load at extreme end."1t is usually expres
sed as a percentage of the supply voltage and can be 
calculated as shown below. 

Voltage drop increases in direct proportion to the length of 
the conductors. The Electrical Overhead Crane Industry 
specifications limit total voltage drops to 3% on runways 
and 2% on bridge conductors. Since powerfeeds are 
usually located at the mid-point of a system. the effective 
length is the distance from powerfeed to the end of the 
runway. On longer systems is may be necessary to provide 
additional feed pOints. 

REACTANCE IMPEDENCE 
60 HZ 30 Z (60 HZ) SPACING 

382 2412 3/4" 

38 248 3/4" 

EXAMPLE 

Copper conductor 3 0. 250 feet 
60 amp load. VO = 4.1 x 2.50 x .60 = 

6.15 volts = 1.3% VD 
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Yale management assistance 
for OSHA compliance 
in charging operations. 

A Yale materials handling 
specialist is available to assist 
new electric truck users in 
planning a charging location. 
Below are OSHA regulations 
pertaining to the design of a 
battery charging area with 
which you should be familiar. 

OSHA Regulation 1926.403-

Battery rooms and battery 
charging 

(a) General requirements 

(1) Batteries of the nonseal 
type shall be located in 
enclosures with outside 
vents or in well-ventilated 
rooms, so arranged as 
to prevent the escape 
of fumes, gases, or 
electrolyte spray into 
other areas. 

(2) Ventilation shall be pro
vided to ensure diffusion 
of the gases from the 
battery to prevent the 
accumulation of an 
explosive mixture. 

(3) Racks and trays shall be 
substantial and treated 
to be resistant to the 
electrolyte. 

(4) Floors shall be of acid 
resistant construction or 
be protected from acid 
accumulations. 

(5) Face shields, aprons, and 
rubber gloves shall be 
provided for workmen 
handling acids or 
batteries. 

(6) Facilities for quick 
drenching of the eyes 
and body shall be pro
vided within 25 feet of 
the work area for 
emergency use. 

(7) Facilities shall be pro
vided for flushing and 
neutralizing spilled elec
trolyte, for fire protection, 
for protecting charging 
apparatus from damage 
by trucks, and for ade
quate ventilation for 
dispersal of fumes from 
gassing batteries. 

(b) Charging 

(1) Battery charging installa
tions shall be located in 
areas designed for that 
purpose. 

(2) When charging batteries, 
the vent caps shall be 
kept in place to avoid 
electrolyte spray. Care 
shall be taken to assu re 
that vent caps are 
functioning. 

OSHA Regulation 1910.178 

subparagraph (g)-Changing 
and charging storage batteries 

(g) Changing and charging 
storage batteries 

(1) Battery charging installa
tions shall be located in 
areas designated for that 
purpose. 

(2) Facilities shall be pro
vided for flushing and 
neutralizing spilled elec
trOlyte, for fire protec
tion, for protecting 
charging apparatus from 
damage by trucks, and 
for adequate ventilation 
for dispersal of fumes 
from gassing batteries. 

(3) When racks are used for 
support of batteries, they 

should be made of 
materials nonconductive 
to spark generation or 
be coated or covered to 
achieve this objective. 

(4) A conveyor, overhead 
hoist, or equivalent 
material handling 
equipment shall be 
provided for handling 
batteries. 

(5) Reinstalled batteries 
shall be properly 
positioned and secured 
in the truck. 

(6) A carboy tilter or siphon 
shall be provided for 
handling electrolyte. 

(7) When charging batteries, 
acid shall be poured into 
water; water shall not be 
poured into acid. 

(8) Trucks shall be properly 
positioned and brake 
applied before 
attempting to change or 
charge batteries. 

(9) When charging batteries, 
the vent caps shall be 
kept in place to avoid 
electrolyte spray. Care 
shall be taken to assure 
that vent caps are 
functioning. The battery 
(or compartment) 
cover (s) shall be open 
to dissipate heat. 

('0) Smoking shall be 
prohibited in the 
charging area. 

(11) Precautions shall be 
taken to prevent open 
flames, sparks, or 
electric arcs in battery 
charging areas. 

(12) Tools and other metallic 
objects shall be kept 
away from the top of 
uncovered batteries. 
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8. MAGNET PLACEMENT DEVICE 

It was assumed that the magnet placement device would place the magnet 
on the support stands and then leave the area. The final magnet align
ment would be done by separate means and without the aid of the magnet 
placement device. 

Commercial side loading forklifts (see Exhibit 8.1), capable of handling 
loads such as the dipole, would not fit into the tunnel. A device simi
lar to the commercial side loaders was conceived earlier for handling 
the 4-cm aperture dipole, but this machine was wide and complex (see 
Exhibit 8.2). A similar machine designed for the heavier and larger 5-
cm diameter aperture magnet would not fit in the tunnel. 

Another forklift-type device was designed by utilizing the mast of a 
commercial fork lift of appropriate capacity (see Exhibits 8.3 and 8.4), 
modifying it for a smaller height, and welding it to a low frame 
equipped with high capacity steel wheels (see Exhibits 8.5 and 8.6). 
The lifting system is composed of two forklifts and a hydraulic unit 
with pump and oil reservoir. This system has the advantage of being 
small, simple, and inexpensive, but it does require more manual handling 
because it is composed of three separate units: two lifting devices and 
one hydraulic and control unit joined by electric cables and hoses (see 
Exhibit 8.7). The system might also be utilized to lift quadrupoles and 
possibly spool pieces, although more information is necessary to inves
tigate this possibility further. 

The lifting devices are equipped with five wheels. Two wheels at the 
rear end are equipped with hydraulic motors with separate controls so 
that each can be operated independently. Two wheels at the front would 
support 70% of the load when the dipole is being lifted. These wheels 
would not be driven. A fifth wheel would be a caster wheel and would be 
spring loaded so that when the device is unloaded, the other two front 
wheels would be lifted from the floor. The device would then be sup
ported on three wheels and could be transported and maneuvered by con
trolling the speeds of the hydraulic-driven wheels. An alternative 
option would have the front wheels slide when turning. This could be 
possible since, when unloaded, the forklift would have most of its 
weight on the rear wheels. 

A hydraulic unit supplies hydraulic power to the forklifts (see Exhibits 
8.8 through 8.11). The solenoid operated valves for the hydraulic 
controls are located in the back of the forklifts. A central electric 
control panel is located on the hydraulic unit. This control panel 
will be used for coarse movements of the forklifts. For inching into 
final position, separate controls could be placed on the back of the 
forklifts or separate pendant controls could be supplied for each fork
lift so that operators could be as close as possible to the magnet feet 
or magnet interfaces for accurate visual positioning. 

Power for the hydraulic unit can be obtained from electric welding out
lets strung along the tunnel length or from a battery pack. The battery 
pack would have to be furnished with sealed batteries and recharged 
using the welding outlets (see Section 7). 

R85122C1519001 8-1 



The drive wheels are mounted directly on the hydraulic motors, which in 
turn are mounted on the frame. An extension shaft provides support to 
resist the cantilever action of the wheel on the hydraulic motor. See 
Exhibits 8.12 through 8.17. 

The sequence of operations for magnet placement is as follows: 

1. The magnet would be first brought into position in front of its 
supports, in order to allow room for transporter maneuvering. 

2. The lifting devices would then be brought into position in front of 
the pickup locations, against the opposite tunnel wall. See 
Exhibits 8.8 and 8.19. 

3. The lifting devices would then be turned 90 degrees to face the 
magnets and aligned so that minimum adjustment has to be made dur
ing placement. See Exhibit 8.20. 

4. The tow bar would be disconnected from the forward bogie and the 
tow vehicle advanced a few feet to allow the lifting devices to 
operate. The lifting devices will then advance, lift the magnet 
from the bogies, and move backward to allow the transporter to 
leave. See Exhibits 8.7, 8.21, 8.22 and 8.2~. 

An alternative operation could leave the bogies in place during 
magnet placement while the tow vehicle travels to a turnaround area 
in preparation for the return trip. The forklifts straddle the 
bogies so that the top magnet can be placed without removing the 
bogies. There is no room to install the bottom magnet as the 
bogies would be in the way of the magnet. 

5. Next, the lifting system would advance and place the magnet on the 
stands. Side shifters supplied with the lift forks will allow for 
small axial adjustments prior to placing the magnets on the stands. 
See Exhibits 8.24, 8.25, and 8.26. 

6. The lifting system would then retract and advance to the next 
station. 

The lifting devices have the following basic specifications: 

Lift available 
Lift speed 
Side shift 
Travel speed @ 25 rpm 
Inching speed @ 1 rpm 
Flow required 

3-ft-6-inches 
42 inches per minute 
3 inches max. 
50 fpm 
25 inches pm 
5 gpm @ 2,000 psi 

The estimated cost of the lifting system is approximately $80,000 not 
including engineering, development, and prototype work, which could be 
as high as $100,000. 

NOTE: The wheels for the lifting devices will put a heavy load on the 
concrete floor, which may cause damage. This should be taken into 
account when checking the quality of the concrete floor finish. If the 

R85122C1519002 8-2 



loads are excessive, it may be necessary to place portable sheet metal 
strips under the lifting devices. This could be tested during the 
Accelerator Systems String Test. 
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The Four-Directional, Electric Side loader 

No turning radius required 

The Baumann four·dlrectlonal, electric 
sldeloader can operate in al! 
directions, forward. backward, left, 
right. and doesn't require a turning 
radius. It can also turn within Its own 
length or be driven as a conventional 
sldeloader. Add this tremendous 
feature to the already long list of 
sloeloadlng advantages. ana you will 
have the ultimate In high density 
storage capability. 

A tremendous feature 
With the flick of a SWitch, the operator 
can turn the wheels 90 degrees. This 
enables the sldeloader to travel In any 
direction With this feature. you can 
stack one load In front of the other 
and accomplish the task in extremely 
tight areas. 

How It works 
The sideloader stops inside the 
working aisle, parallel to the load to 
be picked up. Turning its wheels 90 
degrees, the four-directional 
sideloader drives toward the load 
and picks it up with the laterally 
extended upright. 

Retract the upright, drive the truck 
back into the narrow aisle, turn the 
wheels 90 degrees, and the load is 
on its way, exiting the working aisle 
from either the right or left direction. 

.1!ryt~M:: 
~--------------------------------------------------------------- -- ~. lIr· 

CIRCLE NO. 233 

EXHIBIT8.1 



NARROW 
Ll FT[NG 

FORK 

WIDE" 
LIFT (NG 

FORK 

TRANSPORTER 
FRRME 

__ --EXTENDED 
OUTRIGGER 
SUPPORTS 

TRANSPORTER 
CONTROL 
STAT (ON 

EXHIBIT 8.2 
MAGNET INSTALLATION DEVICE 
(ALTERNATE A) WITH DIPOLE 
MAGNET ISOMETRIC 



TOWMOTOR 

LIFT TRUCKS 

MODELS 

540S 600S 
670S 750S 

CAPACITIES 

6000 to 15,000 Ibs. 



, 

j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 

Carriage GUide j E" 
j 

~" 
~-. 

ROllers i' 

j ROllers protected within 

j 
the SlIding mast, operat. ,-
ing on dustProof. anti. 

j 

\ 

friction bearings. 

j (" 

Dual Lifting j 
t 

j 
,,-

Chains 

j Rol/er chains provide 
steady. stable lift action 

j for mast and Carriage. 

j 
j 
j Nested Slider 
j Construction ~ 

j Sliders are factory 
fitted to minimum 

j clearance for smooth 

j 
Operation. 

f j 
j I Swivel Mounted 

Lift Cylinder j 
Permits alignment of 

j cylinder within mast 

j 
t 

under all lifting 
, 
! 

conditions. 

j 
r-, 
t 
I 
!. 

j 
, 

f 
j 

I-• 

j 
EXHIBIT 8.4 j 

j 
j 
j 
J 



EXHIBITS.5 
MAGNET-LIFTING DEVICE 
SHOWN IN LOWEST POSITION 



EXHIBIT 8.6 
MAGNET-LIFTING DEVICE 
SHOWN IN HIGHEST POSITION 



FXHI81T 8.7 



TRII.M If STI'E~ t10TOR~ 

~ 

\...~. \..'~1''''G. D~"II'~E. 

T 

LIFT 

1.49 GPM 

~l 
.... 

__ -.-:.M_"'.;;.N.;;.' ":.O\..D • _____ _ 

R.I-I LlrTl"I6 ~E.V':'~ 

;-----L--------L=ll 
~~~~~~~.~ _______________________ TL-______ __ 

P 

EXHIBIT 8.8 
LIFTING DEVICE HYDRAULIC 
CONTROL CIRCUIT 



Use Bottom Slide 
To Determine: 

• Standard Cylinder Size and Price 

• Required GPM and PSI 

• Valve Size and Price 

Use Top Slide 
To Determine: 

•• J--a ............ - ..... ,;---'" t""'Kl:"';:.. _ •• _-

• Nearest combination of standard pump size. motor horsepower. 
and RPM that will produce the required GPM and PSI. 

• Prices tor Pump. Motor. other Power Unit components. and 
price 01 complete Power Unit. 

MOTDP SiZE 
HP :2'01 RPM :uoJ ADD FOR 

• TOTALLY 

? Ji/;: SiZE 
GPM 

rn mI 
NOISE 
LEVEL 

ID 

CYLINDER ~ DIAMETER 

-I ~I f--11 
.. " 5" 6" 

BASE PRICE 
Zero Stroke, S .... J 

Non-Cushioned 
S .... ) 

DRIPPROOF ENCLOSED 

S S 

;::,,-:. 
STD. OVERSIZE 

40] ~~I -=1 
S:niI S -mJ s 7.1 

OVERSIZE "TANKS ~ 
ADD FOR: VORTEX BAFFl.ES"'" .i'iil 

- INSTRUCTIONS - EXHIBIT. 
1. 11_ the bottom llide 110 _I cplinder d~l., e..ow is poinling 10 

the black I .... indlCllllng an encl cylincler liz. while your delired 
IIINiI II located .. cIoN .. poeaible 10 • 1000 p.s.1. Grwn line is 
- lor pull atroke calculalion •. 

Z. Record cpl_r P.s.l. liz •. I»8M price. and coal per inch 01 Itroke. 
3. Read '0111 cubic inch dilpl_anl ebove cylinder Itrolle. 

4. II ..... !he Ilicle 10 _I the tolll cubic inch dlapl_1 is now Ioca'ed 
belOw !he dell'*' cyl_r Siroke 1_ Recore the G.P.M. IhOwn 
OP_ilt the black e"ow and e .. o the .elve lIn and prICe ,.quirad 
lor IhIt G.P.M. 

CIoR .. ~1D1e 10 lIeIiYerInV the G.P.II. end P.s.I. _I _ calCu
Ia'ed from the horizOnlll lIide. This gifts you the lize end price 01 
Ihe pump. mo,or, and ell _ components. 1.110 Ihe price ollha 
comple'l power ... it. 

6. Allernele higher ~ 1,._ ere ... ily figured by _Iy Mtling 
the cylinder diameter indicator to the ,..",1 ltenderd _lIeS' cylinder 
lia end then following ..... 2 to 5. 

7. For multiple cylinder eppIicel~. fIgure the G.P.M. lor uch cylinder 
Iize end then tocele the IergeII G.P.M. onlhe ""lealilicle. 

8. Wilen two or mora cylinderS opera'e althe .. me lime. add _" G.P.M. 's 



Installation Dimensions - Single and Double Solenoid 

I--!!Y. D. C. I 703 "-
OPTIONAL INDICATOR r.lE..! AC. ---> CLEARANCE REO'O':-:--2-
LIGHTS --. 6.00' TO REMOVE SOLENOID 

\ COILS EACH SIDE --------,-.""'""1 
, . :---..r---T\.. 

I Ir.... I :,a 

: : ~!r; ~(iil 
J , ,"\. .if 

.. -- ..r~ 

APPROXIMATE WEIGHT 

SINGLE SOL. VALVE 1.72 KG 
3.1 LaS 

DOUBLE SOL. VALVE 
2,0' KG 
•• S UlS 
1.21 KG 

OPTIONAL SUI PLATE 2,1 LIS 

'-~-------~---'-------'~- 1\ 
;

11 _ / ~~~~ A.C. SOLENOID , .• '--....... A.C. SOLENOID D.C. SOt.ENOID 

~ l£.i D.C. SOLENOID >- OVERALL LENGTH OOUBLE SOLENOID 

9.76 ~ GRAPHIC SYMBOL 

I A.C. Sol. ., • 56 5 
fool ------- 101.9 -....:..;:;.;:;..:....;:,:~--- ~------.62· ----
I 4.25 I 1.63 ... 

i------- 124.0 -....;::.;~=.;....---ll 
I 7.i8 

'

I SINGLE SOL. THIS END I 
FOR "01" SPOOL POS- I 

ITION. SOLENOID ON I 
I OPPOSITE END FOR"O 

I
, SPOOL POSITION. 

IA'lOOI'l5'"I'Q!'01' 
OOAI- REF.) I I 

I 9;.2 

ELECTRICAL CONDUIT CONN. 
112 N,P.T.· PIPE THREAD-

~------~=F~ ~1; l' l-~-F3~~ 
I I I I 

----+--+ -~lf- ' --Tl.,..i r-! -+-+-i-

.-, __ 3.59 
---;-10---_-",.. I I 71.4 

I II~, TIT 

(_-' __ ,-d __ , 
I I 

I 1"_ , 
---"-1 .-~ £.E. 

I 1/., 1.65 1..-----I 

I I 

I 
I : ~ I : I : I: I I 

_______ J 1 I 
t , J' --~---..) 

.§LQ. 
2.68 45.1 

In!. A.C. SOLENOID -ill -
I , / : 

HOLE FOR MANUAL OPERATION o-.:...-.!!:! ---, 
INSERT 5.0 DIA. ACD ' I U, 

TI" --< 6.05 >- SINGLE SOLENOID 

':~6~ D.C. SOLENOID -- L ___ . ______ l __ 

For hazardous duty solenoid 
valves please request these 
drawings from Denison. 
Installation drawing 23-9508-0 
Assembly drawing SD-0156-C 

. MM 
All dimensions are given -

IN 
NOle: On all models shown wilen 

solenoid "A" is energized. flow 
is .'_Y5 P to A. When sole· 
noid "8" is energized, now is 
always ,. to 8. Solenoid "A" 
and "8" are identified on the 
symbol plale on top 01 the 
valve. 

Installation drawing 23·7963-C 
Single Sol. Assembly drawing S0-01305 
Double Sol. Assembly drawing S0-01306 

OPTIONAL SUBPLATE~'-': 
1.11 

5 

EXHIBIT 8,10 



Subplate 
Optional lubplate assemblies each Include locket 
head cap screws tor mounting the valve to the 
subplate. 

A·3D01 

Subplllle AaMmbty 
Port Th,... Moctel Ho. Code Ho. 

Pipe ".,~ NPTF SSP04-G132 S1~39412 

• SAE~ Straight threaded subplate Quoted upon request. 
Installation DraWing 23-9095-C 

80.0 
1.25 3.15 

38.50 
~~~~~~==~~==~~======~ __ L 1.81 ______ 1-

I " 

\ -

~
- 11 

I 15 .a.Q 1\ I 
t-.Os .31 -1 \1-_4.03 DRill X 20.0 DEEP 

800 J59 j9 
3.15 ~~ 10-32 UNC-2B TAP '~: DEEP 
-\ (4- Places) • 

PORT CONNECTIONS FAR SIDE 
(For Size See Tabte) 

AI' d·· . MM Imenslons are given -
IN 

CO.SOO 
1.584 

.1Q,.l. -. 
1.19 : 

~ 1-1 :10'32 UNF·2B 1.59 DEEp· 4 PLACES 

(USE 2.D0 LONG SOC. HD. CAP SCREWS) 

.SO ; 0.150 
~:~: R. MAX. ~ _12_.7_1 

1 . ,o:D3o 
1 I

" r-+~==,======;.:;::-L.=*=r---.-- t 4 t f 
~MIN ~ 31.0 ~ 

SURFACE FLATNESS 1.70 I 1.02 U2 1.250 

,Q
1110

0 LEHGTH LI i~--=~::::;;;;;t~;;;;;;;;~;;;;;;;:~dt~J.1 .0004/4.0.!. - ~ 
I ,P i 1 ____ ~-_'ClI 

SURFACE FINISH 
N6 
~ t-- ~MIH:-i 

MOUNTING SURFACE-PER NFPA 001 

EXHIBIT 8.11 



IflnR LYNN "non SERIFC, 
\Jllf I I 1-1111 nn 

EXHIBIT 8.12 
HYDRAULIC WHEEL DRIVE 



Dimensions and Mounting Data - 2000 Series 
Standard Motor -----

See pagE 12 to' F langE Details 

SeE Page 14 
to Shaft 
Deta lis 

1 114 O,e, Straight Shaf: 

~ 
2,18 

,- --
[55,4] 

F'P-~ 

~ 2, 01[511 j 

'r--

I 
I 
I 
I 

! 

Y b! ~ ,II I ax,) 

..... D/b, 
(M 

L 
L 2.27 --J,....... 2.24 

(57,7) 156.91 
Max, Max 

7.'16-20 UNF 
Q.rmg or 
R 1/4 BSP 

.15:.27 
[3,8/6,9J , 

Dimension Y From Flange Mounting Surtace 
for Staggered Ports 

Displacement 

C1.J.ln.lrev, 4.9 6.2 B.O 9.6 11.9 14.9 1B.7 24.0 

cu crMev. 80 100 130 155 195 245 305 395 

InChes 7.26 7.44 7.69 7.69 7.96 B.31 8.76 9.39 

millimeters 184.5 189.0 195.4 195.4 202.2 211.1 222.6 238.6 

Wheel Motor ------, 

4,10 
1104.14; 

See pagE 12 tor Mounting Flange Details 

See page 14 tor Shah Details 

1 1/4 D,a 
___ Tapered Shaft 

1.14[29.0: 

L 2.27 _ ....... _ 
157.7) 
Max. 

7 '16-20 UNF 
Q.rmg 0' 

R 114 BSP 

Dimension Y From Flange Mounting Surtace 
tor Staggered Ports 

Displacement 

cu. in.lrev. -4.9 6.2 8.0 9.6 11.9 14.9 1B.7 24.0 

cu. cm.lrev: 80 100 130 155 195 245 305 395 

lTlCI'Ies 5.68 5.86 6.11 6.11 6.38 6.73 7.18 7.81 

milhmeters 144.3 14B.9 155.2 155.2 162.1 171.0 1B2.4 198.4 

EXHIBIT 8.1 
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Shafts 111. Tapered 

1 Straight 1.0001.998 
[25,4/25,3] 

Dia. 

~ rt:.~(: 
1/4-20 UNC x 1.113/1.098 
.61 [15,49J Deep (28,3/27,9J L--_ ...... ..." 1.51 [38,4] 

1.000[25.4] Dla. Max. Coupling 
x .250/251 [6.35/6,38J 

Woodruff Key 

111. Straight 1.25011.248[31.75/31.69) Oia. 

.3135/.3125, r ! I 1.2811.22 [32.6/30,9J 

]7.9617.94~ 

3/8-16 UNC x 1.39111.380.1 __ -+- 1.86[47.3J 
.75[19,0] Deep [35.3/35.1J Max. Coupling 

32 mm Straight 
[32,02/31,99J r-;:-: [45,5/45,OJ 

11
0.001 •.• 6](5 rea] 

(35.0/34.71 [56,4) Max. Coupling 

(66.0/63.5J -+----1 

111~ Splined 1.79[45,5J 
1.250(31.75) Oia. Flat Root ~ "! Max. Coupling 
Side Fit. 14 Tooth. - "I 1.30[33,01 Min. 
12/24 Spline Full Spline Depth 
to Fit ANSI t::\ ~ 
892.1 1976,)(;1 ~ 

3/8-16 UNC 1:::J 2.23/2.14 
. 75[19.01 • (56.7/54.3J 
Min. Deep Mounting Flange Face 

1-20 UNEF 

.16[4,1 J 
Oia. Thru 

1.250[31.71 Dia. 

.... r-l - 1.00[25.4J 

SAE J501 Standard Tapered Shaft 

~;:!~.:; l:,';;;~' ".[304'] ! ~17~;L~iT 
At large end of taper .156/.143 ,········00· 

[3,96/3.631 

Recommended Torque: 
250 Ib·ft [340 Nml Dry 
200 Ib·ft (270 Nml Lub. 

Hub 

~ .50[12,7J 

1.50(38J --1----1 

SAE 68 Splined 1.00[25.40] Dia. 

<0 e=1) This shaft is available with M various motor combinations. 
For more information contact 
your Eaton representative . 

Radial Load Capacity -(Also see chart on pg. 38) 
@ 100 RPM 

I .. 
M,tt,mete~ 'l 01 Bearings 

.. 
, <000 

~ 
~3aX) 
~ 
a: 2000 

~ 
11~ 

o 

0\ [ 25: I 

-

v V 
.. ,... 

'':\ . 
'. .' 

j ! 251 i 50: . 75! 

1\ I 
~ i\!' 

V . ~ 
I 

; 
i 

- I 

[1001 
~g 

-12000 

-;1500: 

-110001 

,~ 
-[ 5001 

. -2 _1 0 ~ J ,J 

, o.stance lrom 'l 01 Keyway Ire .... ' 

'l 01 Keyway ""1--2 681681, 

Wheel Motor , 

Tapered Shaft 

.. 
'l of Beanngs 

1·50[ 1·251 i 0 ; 1251 : 501 [751 1100! 
~~~--~~--~~~~-- ~9 

~ 4(Dl ? \ I.' -12000i 

~ i~ \ t -{1500: 
~~~~--+--+~~~~~-
~ ~/- ~ -{10001 a: 2000 l' 

~ .........~ *. :.'.' ~.' :;. i ,. ......... 
to _~ - ... ,.' ~I 5001 
~,~ 

:l ~t~ ~ .• : ~:. ".: 
~~2---~'--+O--~'~~2--~J~~.~ 

o.stance from 'l 01 Keywav 'one_, ,·, ..... ft """. 
Standard MOllOY M 
rt lijl!: U 

111. Straight Shaft 

.... 
MIII,mE'Ier\ c.. 0' Beatings 

{·50i i·25i 10 . 1251 "01 i 751 . lOG . -
5(XX) Kn 

. '000 

~ 
-' 
1i!~ 

~ 
a: 2000 

~ 
~tOOO 

o 

I 
l _ilSOO.' 

/ \ . I -;1000 

L .- N 
........ . -- - :,; !-'" ~.' ·I·~ r-.;. .. 

2 - I tj • 2 3 ... 

'lOf Kevway , I 28{32 51 '!·"i' ,,-, ""~, .-
Standard Mot~r ~ 

I I ml!· : 1 
1 Straight Shaft 

EXHIBIT 8.1 
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Specification Data 
2000 Series 

Performance Data ~ 

2000 Series (Metric) 

Maximum torque and flow must not occur simultaneously. For permissible continuous and intermittent operating 
~ combinations of pressure and flow refer to performance data on following page!=;. 
~ Maximum torque for 1 in. [25 mm] diameter shaft = 3500 lb. in. [395 Nm] continuous/4300 lb. in. (485 Nm] 

intermittent. 

* For continuous back pressure over 2000 PSI [140 Bar) use an external case drain. Install case drain lines so that 
the motor case remains filled at all times. 

Maximum inlet pressure 4500 PSI [310 Bar). Do not exceed /:::, Pressure rating above 
* Maximum return pressure 4500 PSI [310 Bar]. Do not exceed /:::, Pressure rating above 
Intermittent conditions are to be less than 10% of every minute 

Peak conditions are to be less than 1% of every minute 
Recommended maximum system operating temperature 1800 F [820 CJ 
Recommended minimum viscosity = 70 SUS [13cSt] at operating temperature. For more information on operating 
Char-Lynn motors with petroleum base fluids see Service Bulletin 1032 
Recommended filtration 10 micrometer 
For frequent peak pressure conditions or flow and pressures beyond peak ratings consult your Eaton representative. 

To assure optimum motor life. run motor for approximately one hour at 30% of rated pressure before 
application of full load. Be sure motor is tilled with fluid prior to any load applications. 

EXHIBIT 8.15 



o Continuous 

• intermltteGt 

Bearmgless Motor performance 
data IS the same as data lor 
, 1/4[31,75] Dla outout snalt, 

4.9 cu. inc rev. (SO cu. cm.'rev.) 
_ Pressure 

Bar I i 35, i: "'0, ('0511 14C; I' . ,e I 205 
PSI ! !>OC ' , 000 , 500 '2OOC 2500 300C 3~' I • ~, i I .~ ': 

8.0 cu. in. rev. (130 cu. em.,rev,] 
_ Pressure 

a.r : I 15, 
PSI I 250 

Fi 

35 
500 

6.2 eu . .n. rev. (100 cu. em. rev,] 
Pre.aure 

'CO 
'500 

'40 ':"0 
200c 250C 

205 
JOOC ,j()O: 

~ Ii' 911 I-;--:-:-:+~~~-==-.,-r.";:;;:;':"r--"":"'------------

, .5 I 

~-'I ~~~~~~~~~7r.~~~~-----------

~ 
I I 

: 2! I 

P9-'-~~~~~~~~~~~~~~ 

~ ~~~:+~~~~~~~~~~~~~~ 
_I .1 
l ~ ~~~~~~~~~~~~~~~~~~~ 
illoi 
~ A r..;.;.;.+.-~+.~~~~t;-=+.~~:-:::-:-
~ 12 I 
~ (531 t-;-":'::"':'"'t-:-:::-:-+'--::::-:-1r.-:-:=~~::-"~~:-:+~~ 

9.6 cu. in. rev. (155 cu. em. rev.] 
_ Pressure 

240 26C ' 
3500 ' 3750 

'5 
25C 

35 
;00 

, , 0007'0 r ,: ' • ~~c5 : 140 ; ,\ '70 i " ; 30020
0
5 I' 240 i; 2~S; l i 310 i I 

~ 200e' 250C 3500,j()OC " 4500 ! 

i 

EXHIBIT 8.16 



unut'" 
FORGED 
STEEL 
WHEELS 
Series W-FS
Cap. to 15.000 Ibs. 

~ 

SUPERLAST~ 
WHEELS 
Series W-Sy
Cap. to 6,000 Ibs. 

* "'::.~ :c:::: PRCN70' 

4 4',. 6500-

2'/, 3';'6 X 

10 3,. 5500-

4 4\. 7500-

1\,-1'!2 14.000 

X X § 
. -1 ~.'8· . ,-1'12 i .... '. 4C3C,·:S-· 6.500: 
1';._1'12 W-1040-FSH- , 15.000 

Drop forging proauces tne ultimate 
tenSile strength rn Industrial wheels 
Coupled with solid billet deslon. this 
maKes Hamilton Drop Forged Stee 
Wheels virtually Inaestructlble Cor,
sequently loaj limits are governec Dy 
bearing capac;t\ 

Wheel treacs are macnlnec smootr 
and concentriC Witn a Sllgnt crowr 
that lessens energy reoulrements b) 
aiding turnabllity unaer heavy loads 
All sizes aoove 6" x 2" are avallaD'e 
with precISion tapere::: roile- !)ea"r~s 

In order to realize maximum be~e:,o 
from the capacity potentlais All t~e 
wheels listed below co::te WitI' 
machine gray enar1e' ""Isr. a~::; !I t" 
bali-checK IUQrlcatlor, fittings Insta,lS: 
in the hubs. 

Flanged and V-Grooved wheelS o~ C~2;:: 
forged steel are also avadaole-see 
catalog pages 43-46 

TO ORDER, COMPLETE 
CATALOG NUMBER BY ADDING 
BEARING SIZE. EXAMPLE: 
W-840-FST-1'1 •. 

DIMENS'ONS IN INCHES ".~elrcs. see p~ • 3, 

Tapered Roller Bearings 

, ... :, .~~: .;::-." 35 I 
! W-1022-FST- 42 

3/._1_" i ....... ," , .-' 31 

" , *:,. I ...!-"_.- ::; , I 47 

STEEL TEST WHEEl (Steeliest is ductile iron, class 80-60-031. 

, 

, 12* i 4' 4',. 5000 I 1-1'/8-1'/.-1'12: W-124-SDH-, 5.000 1_1'/, W·124·SDT- I 36 I 
TBased on 1400 Murs of oearlng life at 1 m ph .. or 610 hours of Itfe at 2 m.p.h. using largest bearing size. Bearing capacities depend upon 
the interrelationships of loao. speed and life-e.g .. load can be Increased 50';, If designing for only 500 hours of Itfe at 2 m.p.h .. or load 
can oe Increased approximately 1000 Ibs by reaucing speed to 1 mp h. Other rules of thumb: reducing load by one half Increases life by 
ten times. redUCing speed by one halt doubles the life 

tBased on largest bearing size and 1500 hours at lite at 2 mph . 
§Deslgned primarily for use on snowplows, oearlng specifIcations to SUI!. minimum Quantity 100. 
"Runs underSize after machining 

For the extra tough lobs reQuinng pro
tective polyurethane treads, Hamilton 
manufactures these top-of-the-line 
Superlast® Wheels. The extra-thick 
(1 ") blue treads are liqUId cast and 
chemically bonded to solid-web, drop 
forged steel centers PrecISion 
tapered roller bearings are standard. 
making these high capacity 

wheels ideal for power towing at 
limIted speeds. Ball-check lubncatlOf1 
ftnlngs are provided In the hubs 

For casters utiliZing these wheels. see 
, pages 17. 18 and 19. 

TO ORDER, ADD BEARING SIZE 
TO CATALOG NUMBER. 

DIMENSIONS iN INCHES IMel"cs. see pg 13: 
r----r--,--;:-:----;--;:----:-:--;---=--:--- WI. 

lbs. 

EXHIBIT 8.17 



EXHIBIT 8.18 
MAGNET-LIFTING SYSTEM 
BEING BROUGHT INTO POSITION 
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EXHIBIT 8.19 
TUNNEL CROSS SECTION 
MAGNET-LIFTING SYSTEM 
AEING BROUGHT INTO POSITION 
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EXHIBIT 8.20 SS SECTION 
TUNNELC~~CETURNED LIFTING D 
90 DEGREES 
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EXHIBIT 8.21 
TUNNEL CROSS SECTION 
LIFTING DEVICE POSITIONED 
FOR LIFTING MAGNET 
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EXHIBIT 8.22 
TUNNEL CROSS SECTION 
MAGNET AT MAXIMUM LIFT 
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EXHIBIT 8.23 
TUNNEL CROSS SECTION 
MAGNET RETRACTED TO ALLOW 
TOI\MC::D()QT~Q ~}(IT 
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EXHIBIT B-24 
TUNNEL CROSS SECTION 
MAGNET BEING LOWERED INTO 
POSITION 
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EXHIBIT 8.25 
TUNNEL CROSS SECTION 
Ml'd~NFT RFINr, AI Ir,NEO 
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MAGNET BEING ALIGNED 
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9. MAGNET SUPPORT STAND 

The dipole installation device should be designed around the con
straints of the magnet support stand dimensions. For this reason an 
attempt was made to do a preliminary support design. See Exhibits 9.1, 
9.2, and 9.3. 

The support was analyzed for stresses, static deflection, and vibra
tions. These rough, preliminary analyses were based on assumed dipole 
dimensions and weights (actual dimensions were not available). 

The design is based on available commercial square or rectangular tubing 
welded pieces. Stresses are small and are shown in Exhibit 9.4. Static 
deflections were calculated at the beam line and are also shown in 
Exhibit 9.4. 

Natural frequencies were calculated for the dipole support and magnet 
system. For this purpose, the weights and dimensions of the structural 
components of the dipole were assumed and are shown in Exhibit 9.6. The 
structural system has several modes of vibration, each with a different 
frequency. These modes and frequencies are tabulated in Exhibit 9.4. 

The structure was then submitted to applied vibrations obtained from 
field measurements made by Earth Technologies in their report No. 
SSC-SR-1043, dated December 1989. The two worst cases of vibration were 
used from the report and correspond to blasts from a nearby quarry and 
from a railroad track in the vicinity. These spectra are shown on 
Exhibits 9.7, 9.8, and 9.9. 

In order to consider the worst case, vertical railroad vibrations were 
applied at the peak amplitude and made resonant with the natural fre
quency of the structure system. This may occur in practice as trains 
may travel at different speeds, producing different vibration frequency 
spectra. For horizontal vibrations, the peak amplitude was selected 
from the waves generated by a blast in a nearby quarry. 

A 1% dampening effect was considered. This is very conservative and 
field measurements will be required to obtain the actual value of this 
factor. Insulation and the internal construction of the magnet may 
supply a considerable dampening effect. 

With the above assumptions, it was found that the vertical and trans
verse vibrations are amplified approximately 20 times, from .008 
thousandths of an inch to .160 thousandths of an inch for the vertical 
vibrations and approximately 50 times for the transverse vibrations, 
from .005 thousandths of an inch to .240 thousandths. 

In case this is objectionable, a stiffening member was added to close 
the loop of the U-shaped support. Please note that this member is 
intended for stiffening the spring constant of the support and not to 
carry the load of the top magnet. This member should be added after the 
top magnet has been installed and the U-shaped support has taken its 
final static deflection. This will allow extraction of the bottom 
magnet without producing a temporary misalignment of the top magnet. 
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The extra stiffening produced a significant reduction in the amplitude 
of vibrations, approximately 1.5 to 2.5 times the applied vibrations as 
compared with 20 to 50. Please see Exhibit 9.5. 

As we understand it, vibrations are more significant on quadrupoles than 
on dipole magnets. The above calculations apply only to dipoles, as we 
have no information on quadrupoles at this time. Also, these calcula
tions were made conservatively. Field tests are necessary to verify or 
correct assumptions, although the calculations give us an order of 
magnitude for what the vibration problems may be in the field. 

The supports are provided with slotted holes for 1.S-inch transverse 
adjustment of the supports and also with 1.S-inch slotted holes for 
further transverse adjustment of the magnets on the supports. For 
axial adjustment it is assumed that slotted holes would be provided in 
the magnet external supports. 

The supports have been designed assuming 3/4-inch shimming in the bottom 
magnet and 1/4-inch shimming in the top magnet. If other means of ver
tical adjustment is adopted the supports may have to be redesigned to 
adapt to such adjustment mechanism. The 3/4-inch shimming for the bot
tom magnet is intended to provide extra clearance during installation. 

It is suggested that the final detail design be left to the vendors that 
will quote on the supply of the supports. A specification with prelim
inary design drawings and strict design criteria for features, toler
ances, deflection, and quality control should be enough for definition 
of the supports. Vendors have their own shop practices which will be 
incorporated on shop drawings, thus decreasing the cost of fabrication. 

NOTE: The above analysis was made for a 26-inch diameter magnet. At 
present a 27-inch magnet is being considered, but since the assumed 
weight will not be different, th~ above analysis will not vary signifi
cantly. The support design shown in Exhibits 9.1 through 9.3 is for a 
27-inch magnet. 
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MAGNET SUPPORT ISOMETRIC 
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EXHIBIT 9,2 
MAGNET SUPPORT PLAN 
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ANALYSIS OF 26" DlA. DIPOLE sse MAGNET SUPPORT ASSEMBLY 

Following are results of computer analyses performed on the Dipole Vacuum Vessel 
and its supports. Each unit of the vacuum vessel consists of a 607' long 26' DIA. x 
3/8' THK steel pipe supported by 1/2' THK box shaped members spaced at 336" 
apart. 

5{7!90 

- Static (Gravity) Loads: 

Displacement Vertical Horizontal 
Bending 
Stresses 

Upper Dipole 
At Ends 0.064' 0.078' 0.000 ksi 
At Mid Span 0.062' 0.078' 1.292 ksi 
At Supports 0.038' 0.078' 2.424 ksi 

Lower Dipole 
At Ends 0.026' 0.000' 
At Mid Span 0.025' 0.000' 
At Supports 0.000' 0.000' 

- Results of Modal Analysis to determine modal frequencies of the structure: 

MODE FREQUENCY {cps} PERIOD {sec} 
1 6.416 0.156 
2 7.279 0.137 
3 8.408 0.119 
4 9.164 0.109 
5 11.336 0.088 
6 14.710 0.068 
7 20.481 0.049 
8 23.267 0.043 
9 36.386 0.027 

10 46.788 0.021 

- Response Spectrum Analysis of vibrations at site VF-1.7: 

Results indicate no dynamic response when structure is subjected 
to the Displacement Spectra obtained from Fig. K-3 (Horizontal 
displacements generated by blast) of the vibrations report prepared 
by The Earth Technology Corp., Report No. SSC-SR-1043, Dec. 1989. 
Dynamic response due to the displacement spectra obtained from 
Fig. E-6 (Vertical displacements generated by train vibration) of 
the above report indicated 0.1 micron vertical and transverse 
displacements at the ends and at the midspan of the pipe. 
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ANALYSIS OF 26" DIA. DIPOLE SSC MAGNET SUPPORT ASSEMBLY 
(NOTE: 1 % DAMPING ASSUMED FOR ALL MODES.) 

DISPLACEMENTS IN MILS 

DISPLACEMENTS AT 
LOADING DESCRIPTION ENDS OF PIPE SUPPORTS MIDSPAN 

VERTICAL HARMONIC LOAD 
AMPLITUDE = 0.000008" 
@ RESONANT FREQUENCY 

TRANSVERSE HARMONIC LOAD 
AMPLITUDE = 0.000005" 
@ RESONANT FREQUENCY 

LONGITUDINAL HARMONIC LOAD 
AMPLITUDE = 0.000005" 
@ RESONANT FREQUENCY 

CASE [A]: OPEN C-SUPPORT 

CASE [8]: C-SUPPORT WITH ADDED 
VERTICAL MEMBER 

0.182 0.142 
0.022 0.008 

0.272 0.212 
0.013 0.007 

0.007 0.007 
0.008 O.OOB 

MODAL FREQUENCIES 

MODE FREQUENCY (cps) PERIOD (sec) 

CASE [A] 

CASE [8] 

1 6.413 0.1559 
7.231 0.1383 

2 7.319 0.1366 
B.290 0.1206 

3 8.296 0.1205 
10.251 0.0975 

4 9.620 0.1039 
11.434 0.OB75 

5 11.156 0.0896 
13.105 0.0763 

0.146 
0.015 

0.218 
0.009 

0.007 
0.008 

EXHIBIT9.S 
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10. PERSONNEL AND TOOL CARRIERS 

Electrically operated personnel and tool carriers are commercially avai
lable in a variety of sizes. One and two-passenger carriers are avail
able in the required 30-inch width, however, three and more passenger 
vehicles, are not readily available in that width. Vehicles of this 
capacity and width can be specially designed but would necessarily cost 
more. More research with other vendors is required and more data will 
be found when seeking prequalificatioh of vendors. 

A typical range for these vehicles is 20 to 30 miles. Since the maximum 
distance that would normally be traveled by these units is 2.7 miles 
(half the distance between E shafts), they would be able to make sev
eral round trips before recharging or changing batteries. 

Personnel vehicles typically run at a maximum speed of nine miles per 
hour, so the longest round trip to a work area would be 36 minutes, 
which seems acceptable. Faster vehicles would be dangerous and slower 
vehicles would waste too much labor time. 

The one and two-passenger vehicles come equipped with four 244-ampere
hour batteries which give 24V of electric power. These vehicles would 
cost around $4000 each. A typical one-passenger vehicle is shown on 
Exhibit 10.1; it can be used to transport tools or another person in the 
rear section. 

A typical working crew could consist of three people towing a small 
trailer with tools and supplies. These vehicles come equipped with six 
244-ampere-hour batteries which give 36V of electric power. Exhibits 
10.2 and 10.3 show the vehicle and trailer. The cost of these vehicles 
ranges from $9000 to $10,000, with trailers costing another $700. 
Exhibits 10.4 through 10.6 show other typical vehicles offered by 
industry. 

It is assumed that electric outlets will be located frequently around 
the tunnel so that vehicles can be charging while parked near working 
areas. This would require furnishing vehicles with sealed batteries and 
permits or waivers from safety agencies. See Section 7. 

All of these vehicles may come equipped with automated steering systems 
so it could be possible, if warranted, to dispatch vehicles with tools 
and supplies from the E shafts to the workplace without drivers. In 
this case it is recommended that the speed be reduced to 5 miles per 
hour or less to provide time for automatic safety devices to actuate in 
case of problems or obstacles. Safety bumpers and modifications to the 
braking system would also be required. Costs for these modifications 
have not been included in the vehicle costs above. 

Vehicles would have to disconnect trailers when reversing direction and 
then trailers would have to be turned by hand and reconnected to the 
towing vehicle. 
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VehiCle features opt!onai fOld down seat baCkrest and rear step Also featured are optional headlq~h! and taldlg1i 

Here is a compact and economical personnel carrier for everyone 
from executive and supervisory personnel to security and 
maintenance. The Model SS 5-34 performs dependably in plants, 
warehouses, hotels, motels. and resorts. It speeds the operations of 
shopping centers, malls, apartment complexes. and campuses and 
,s used to provide vital service in hospitals. 

Perfect for narrow aisles and tight spots because of its 144" 
clearance circle, it features safety loop tiller steering to protect the 
driver's hands. Its pneumatic tires easily handle all conditions from 
smooth floor to outdoor driving. A precision laser crafted frame and 
all-steel unitized body stand up to constant heavy-duty use. The 
SS 5-34 is designed for maximum protection of its componentry. 

With a 500 lb. payload capacity, the SS 5-34 is ideal for carrying 
tools. delivery of mail, hauling small cargo, or distributing parts, 
and with its optional fold down seat. it converts instantly to a two 
passenger vehicle. Or, it may be used as a towing vehicle where it 
can tow over 3. 000 Ibs. 

MODEL SS 5-34/3 WHEEL) ELECTRIC PERSONNEL CARRIER SPECIFICATIONS 
FOR A LOAD CAPACITY UP TO 500 LBS. (226.7 KG.). 

Unit Weight: 'with charger and batteries) 701 Ibs (309 kg ) 
Load Capacity: 500 Ibs (226 7 ~g ) (2001bs per passenger plus loadi 
Balleries: Four 220 a. h (90 minute rating I electnc vehicle batteries 
Charger: 25 amp 24 volt Lestronlc II line compensated bullt-m charger With controls on dash 

An optional fOla 
down seat on me 
Moa.1 SS 5-34 
allOWS Instant 
converSIOn to a two 
passenger vehiCle 

Drive Axle: Two belt dnve to automotive dlff~rentlal 
Motor: NEMA rated 24 volt. 4.5 h pi'" 935 r D m ) Irtermlttent duty to I 5 h.p (ou 2.600 
rpm) normal duty 
Speed: 10 mph (16 km ph) 
Brakes: Mechanical brake through differential to oath rear wheels Foot operated bra~e peda, 
parking brake on foot pedal 
Tires & Wheels: Three 4 80 x 8 Loaa Range B highway tread pneumat'c tires Single front 
wheelan tapered roller beanngs Tires and wheels are demOuntable type 
Color: Safety Orange 
Conlrols & Wiring: Heavy duty master contrOl SWitch With key locI( Power wire IS rjO 6 
inSulateD cable Four speeds forward and reverse utiliZing solen~lds Heavy duty speed 
contrOl I ~. 16.35 mm) x 12 1'270 mm) buss bar contacts Foot operated accelerator peaa' 
Steering: Loop tiller 
Frame: All steel unitized body Heavy duty 16 gaoge diamond plate stee' faCing on all extenD' 
surfaces 
Bumper: Heavy duty steel front ana rear 
Rub Rails: Heavy duty steel on botn s'des 
Springs: Heavy duty call spnngs front and rear 
Shock Absorber: Heavy duty on rear 
Horn and Indicators: 12 volt electnc horn, battery discharge mdlcator 
Seats: Seat of foam, covered With neavy duty black naugahyde upholstery 

OPTIONAL FEATURES AT ADDITIONAL COST: 
TraffiC yellow or special color pamt. PWR-TRON speed contrOl. fully automatic LestroniC II 
portable chargers. geared steenng lift-out battery box 230 or 244 a h batteTies. convertible 
seatmg fOr additional passenger hOurmeter. headlight taillight, mirror. light on pole. Mch. 
wheel covers. foam-filled or Steelguard tires. solid cushion tires, stoplight. undercoating. 
FLAT OUT tire treatment 

ThiS product conforms to requirements for Type E as stated In 0.5. H,A Standard Section 
1910178 (Powered IndUStrial Trucks) and ANSI 856.8-1988 

Specifications standard equipment, access ones and modifications subJect to change 
Without notice 
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The Model T-64 trailer is for carrying heavier loads. with its 
payload capacity up to 1500 Ibs. Constructed of heavy duty angular 
steel. the T-64 comes standard With a rear hitch plate for multiple 
trailer towing. 4.80 x 8 pneumatic tires. and wood deckboard. 
Optional features include solid steel or wood stake sides. many tire 
options so you can match tires and wheels with the towing vehicle, 
and a variety of hitches for towing purposes. 

MODEL T-84 LARGE TRAILER (T_0-~11-00) . __________ _ 

Ty!!e: Four wheel ~raller WIth turning front ax'e acd \,xed rear axle 
Weight: 368 Ibs 1166 9 Kg , 
Capacity: 1500 Ibs (680 4 kg : 
Maximum Lenglh: 112 inChes .284 5 cm I Including tongue 
Maximum Width: 42lnc~es 11067 crr , 
Bed Size: 42 x 7E ,ches 1106 7 x '93 ~ err: 
WheelBase: 4g-:hes 1124 5 cm I 

Bed Height: 22 Inches 155 9 err: I 
Wheel Size: 5.70 x 8. Load Range B nlghway tread 
Color: Safety Orange 
ThiS vehicle IS not oeslgned for highway use 

OPTIONAL FEATURES AT ADDITIONAL COST: 
SpeCIal calor paint. 14" high stake sides. pintle Mch. automatic couplmg hitch. 18 x 8.50 x 8 
Terra tifeS 4'ply rating. FLAT OUT tife treatment 

Soeciflcatlons. standard equIpment. accessofles and modIfIcatIons subject to change 
Without notice 

18 

76' ,,93, em) 

S 
",,-<' 
",'. 

\::::) 
(9' 

~1245emr--

'" "' ... ...... 
3 ' 

The Model T-A-T is a true tracking trailer with a payload capaCIty of 
750 Ibs. Constructed of welded heavy duty angular steel. the T-A-T 
is available with such standard features as a hitchplate. plus a pin 
and clevis hitch on the rear of the vehicle for multiple trailer towing 
purposes. Also standard are semi-pneumatic tires (for smooth 
surfaces) and a wood deckboard. Options for the T-A-T include sollo 
steel sides and stake sides for containing large loads A train of 
T-A-T trailers may be hooked onto any Taylor-Dunn vehicle 
for towing. 

MODEL T-A-T (4 WHEEL) TRACKING TRAILER (TO-910-00) SPECIFICATIONS 
FOR A LOAO CAPACITY UP TO 750 LBS. (340 KG.,. --_ ..... _----_ ... 
Type: Four wheel trailer of tracking deSign ut'iIZing flftn w~ee: st~er'n; oot~ tron: a~~ rear 
With front and rear axles connected oy tie roas 
Weight: 165 Ibs li4 65 kg I 
Capacity: 750 Ibs. (3402 kg ) 
Maximum Length: 78 Inches 11981 Gr:1 II~ciudlng tangLe 
Maximum Width: 31)<2 Inches 180 cm ) 
Bed Size: 31': x 54 Inches (80 x 137 2 em I 

Wheel Base: 36 Inches (91.4 cm.1 
Bed Height: 161ncnes 1406 cm , 
Wheel Size: 10 x 2.75 heavy service seml'pneumatlc !!res 
Hitch: CleVIS hitch IS standard 
Color: Safety Orange 
ThiS vehicle IS not deSigned for highway use 

OPTIONAL FEATURES AT ADDITIONAL COST: 
SpeCial color pamt. 14" high stake Sides. pintle hitch 

Specifications. standard equipment, accessories and modifications subject to cnange 
Without notIce 

5C' 
(137.2 em-i --

78' 
(1981 em) 

36' 
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Wnen you must transport very heavy loads and negotiate narrow 
sles at the same time. the Model C 4-33 or Model C 4·32 burden 
3rr1ersltow tractors are an ideal solution. At only 30" wide and with 
small 140" clearance circle. these vehicles can go piaces other 
)\'Jer equipment just cannot reach. They have the shortest turning 
'JIUS in sit-down combination burden carners/tow tractors. 
'\lith payload capacities of 1200 and 1400 Ibs .. the C 4·33 and 

32 have towing capabilities of up to 17.000 Ibs. With a "Power 
action" direct-drive automotive axle and a variety of speeds and 
otor drives. tne Model C easily handles most indoor moving jobs. 
, smooth floor conditions in industry. hospitals. schools, 

3rehouses, or anywhere that quiet. fume-free heavy-duty electric 
']:Jer IS needed, the C 4-33 and C 4-32 are ideal. 

'DDEL C 4·33/3 WHEEL) AND C 4-32/4 WHEEL) ELECTRIC COMPACT BURDEN 
'. ARRIER AND TOW TRACTOR SPECIFICATIONS 

'n A LOAO CAPACITY UP TO 1.200 LBS. 1544 KG., 
~ ---.---~~~-----~-------.. - --- ----------------~~-. 

'JOEL C 4·33/24 VOLTS/3 WHEEL 
-,' Weight: IWlth charger and batteries I 802 Ibs (3638 kg I 
: 20 Capacity: 1.200 Ibs. (544 kg I (2001bs per passenger pl~s load I 
'Ierles: Four 220 a h (107 min rating I electric vehicle batteries 

'·arger: 25 amp 24 vall Lestronlc II bUilt-in Charger 
,ve Axle: "Power Traction' drive axle operating In constant oil bat .. , 

"Jtor: NEMA-rated 24 voll 4.5h.p (la 93Srpm Ilntermiltentdutyto1.Sh.p ('" 1600 
- I normal duty 

.:eeo:6 Sm.ph. (10kmph)stanoard 

'.' :>JEL C 4·32/36 VOLTS/4 WHEEL 
_ -,~ WeIght: IWlth Charger and oatterles! 91810S 1416 kg I 

_: 3D Capacity: (200 Ibs per passenger OIUS load) 1.400 lOS (635 kg I 

Tt')e narro\\' aISle Moaet 
- PQulpoeo Wllh opt'ooal 
• Dergl3ss cab and nau' 
:30,Oe ~Oors. Slake 
. ,oes and cab· mounted 
,mber strobe light 

C "':>Li r \ ~ \\ ,1."1.) 

Batteries: SIX 220 a h (107 min rating I electriC vehicle batteries 
Charger: 25 amp 36 volt LeS!ronlc II bUilt-In charger 
Orive Axle 'Po,,!" Tra:lIO" crlve axle operating In constant 0, bat" 
Motor: NEMA-rated 36 vo't 6 r, Pi" 1400 rpm Iintermltte~: au:y te 2 c >: "J 2800 
r p rr> norma· du~y mawr 
~-=-e.~_O_m_p .h~.~4 km phi standar_d __ ~_ 

MODel C 4·33/C 4·32 
Brakes: Mechanlca, Dra<e thro"qn dltferentlal to Doth rear wheelS Hane operateo par,c~ 
brake ' 
Tires & Wheels: ~ 80 x 8 Load 8ange 8 highway tread pneJmat:c t'res 
Color: Safety Orange 
Controls & Wiring: EnClosed heavv duty forward and reverse Sl'. Ite" \', tr, 'e', S:, t:- POl'le' 
wife 1\0 6 Insulateo cO'JOer cable PWR·TROrl' Solid state s:,e~: :O"t'[ 
Steering: Steering whee chain and sprocket reduction to fror.! for, 
Frame: Aii-stee

' 
unitized body and frame Heav) duty 16 gauge dlamono plate fac,r,g C" a 

exterior surfaces 
Bumper: Hea'.':, duTy stee' welded to frame 
Horn and Indicators: 12 volt electrrc horn. battery discharge IndlCate r 
Seat: IndiVidual seat and backrest. seat and back of foam. covereD Wit" heavy duty blac' 
naugahyde uphOlstery Aalustable 

OPTIONAL FEATURES AT ADDITIONAL COST: 
230 or 244 a h battefles 25 amp 24 or 36 volt LestronlC II portable charger 4Q a"1D ;>~ or 36 
volt Lestronlc II bUilt· In or portable charger. 6.7 h.p motor. speCial COlor pain: r,ead.'g~: ana 
taillight. hourmeter light on top Of cab. stoplight. wrndshleld wiper stake Sides. fiberglass 
cao naugahyde doors. diamond plate deck. automatic coupling Mcn Olntle Mcr. mlfror 
16',,' x J' x 11" extra solid cushion tires. S-ply Steelguard tlfes or foam·filled tlfes under
coatrng. FLAT OUT tire treatment 

ThiS product conforms to requirements for Type E as stated rn 0 S H A Standard Section 
1910178 (Powered IndustrlalTrucks) and ANSI 856 8·1988 

Specifications. standaro equipment. accessorres and modifications sublect to change 
Without nOtice 
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The Model SC 1-75 has already proven itself in a wide variety of 
applications such as carrying castings. wire coils. machine parts. 
and fittings Where maneuverability and power are both required. 
this is the ideal stockchaseriorder picker for the JOb. 

A dual front fork adds stability. while a steel deck ensures 
sIrength. It's available in a selection of frame and wheelbase lengths 
to properly handle bigger. heavier loads. It also offers a choice of 
ladder helQhts and payloads to meet your specific industrial 
appllea!]:" 

Thl~ ':':00::0 re!:at::le -.e":iC':ie orovldes easy maintenance as well 
as excellent narroVv aisle maneuverability With a "Power Traction" 
direct-drive automotive axle. the Model SC 1-75 is available with 
load capacities up to 3200 Ibs. 

~O~Dn~A~~~~~~~E}H~:o~~'t~T~~~~HtSER SPECIFICA_T_ID_N_S ___ _ 

Unit Weight: I with charger and batteries 1893 !JS 1405 Kg ) 
Load Capacity: Uo Ie 3.200 Ibs 11 451 Kg.: 1200 Ibs oer Dassenger DIUS load) 
Battenes: Feur 220 a ~. 11 O~ 111n rating I electriC vehiCle oatterles. 
Charger: 25 amD 24 volt Lestronlc Ii built-in 

T~e :lDllonal rOi!-OU! 
jane'y ~c ( on Ine MQdE'i 
SC 1. -:"5 :fters QUiCK and 
eas~ access ----

Vehicle features optional OUlll-in Charger 

Drive Axle: "Power Traction drive axle operating In constae,t 0'1 batr 
Motor: NEMA-rated 24 volt 4.5 h D I" 935 r D m I Intermittent aUI,' t:; 1 5 ~D.' " 1600 
r D m I normal duty motor 
Speed: 8 m Dr 112.9 km D hi standard. 
Brakes: DrIVe Shaft braKe tnrough dltferentlal to both rear wneels Dead'l1an braKe on contro 
treadle 
Tires & Wheels: Demountable. 4 80 x 8 Load Range B pneumatic l·res Dual front wneels or 
3'4 taDered roller bearings All wheelS demountable trom h"~s 
Color: Satety Orange 
Controls & Wiring: Standard tour SDeeds torward and reverse With hea"'J ~utv soeed co~~rol 
With 1 4 x 58" 16.35 mm x 15.87 mml buss ~ar contacts Spees coctec! a".a ora," by s'ng,e 
toot treadle EnClosed heavy duty torward ana reverse sWiten Wlt'1 <e',cc' Powe'w re 's t'io 
4 Insulatea cabie 
Steering: Vertical steering wheel 
Frame: All-weidea steei unitized body Heavy duty 16 gaugE diamOnd plate tacm~ on ai' 
exterior surtaces. Fiush diamond plate steel deck 
Bumper: Heavy duty 1/4" x 4"10 6 x 10 2 cm I steel bumoer we'ded to tra'l1e 
Horn and Indicators: 12 volt electriC horn. battery diScharge Indicator 
Backrest: Padded backrest and rear guard rail tor oDertor satety 

OPTIONAL FEATURES AT ADDITIONAL COST: 
230 or 244 a. h. batteries. 40 amp LestroniC II charger. 5.5 mD h to 6.5 mD h 18 9 to 
104 kmo h.1 sDeed. 67 hD motor. sDECIal Dalnt COlor. solid cushion or Steelguard tires 
for Increased load capacity 11ft-out or roll-out battery box. doily 4 5 and 6 steD bolt-on 
ladders headlight. taillight. hourmeter. automatic coupling hitCh. PWR- TRON sDeeD contra; 
longer wheelbase and bed sizes. clipboard and undercoating FLAT OUT tire treatment 

ThiS Droduc1 conforms to reqUirements tor Type E as stated In 0 SH A Standard Section 
1910 178 (Powered Industrial Truc~sl and ANSI 856.8-1988 

SDecltlcatlOns. standard equipment. accessories ana modltlcatlons sublect to cnange 
Without notice. 
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The B 2-48 tram 
becomes an effective. 
efficient people mover 

with tram trailers 
connected Shown 

here with an optional 
P.A. System and 

amber strobe light 
on pole. 

----L 

Other special vehicles are 
available upon request. Please 
contact your local distributor 
for more information. 

The Model B 2-48 is 
shown here as a 
10-passenger tram 
equipped with surrey 
top. windshield. and 
side view mirrors. 

The Model B 2-10 may 
become an in-plant or 
on-site emergency 
vehicle. Here. it is 
equipped as a hospital 
ambulance. with 
nu rse's seat. stretcher 
area, and drop side rails. 

The same B 2-48 that 
was a personnel carrier 
is now an in-plant 
welding truck. 
equipped with optional 
welding cut-out. 
lockable tool box. and 
side view mirrors. 

In this hard-working 
configuration. the 
Model B 2-48 IS 
equipped with a steel 
cab and hydraulically
powered dump body. 

EXHIBIT 10.6 
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11. VEHICLE MANEUVERING AREAS 

Vehicles inside the tunnel are going to require room to maneuver, to 
bypass other vehicles, to turn around, and to negotiate several curves 
in bypasses, labyrinths, ana parking areas. They will also require 
areas for maintenance, repair, parking, and battery charging. 

E SHAFT AREA - 55-FT SHAFT 

The E shaft tunnel will have to be protected from radiation by 20-ft 
thick shields of concrete forming a labyrinth shown in Exhibit 11.1. 
The exhibit shows the minimum requirements for the maneuvering of a 
three-passenger transport vehicle towing a trailer with tools. 

The middle shield will be a sliding shield, so that when magnets are 
being delivered, they do not have to be taken around the labyrinth. 
Exhibit 11.2 shows the shape of the sliding shield, and Exhibit 11.3 
shows a detail of the walking-beam type mechanism that propels the 
shield from one side to the other. Exhibit 11.4 shows the principle of 
operation of the walking beam. Exhibit 11.5 shows pictures of Hillman 
rollers typically used for these applications. 

Magnets and magnet transporters will have to turn the corner at the 
intersection of the E shaft tunnel with the beam tunnel. A layout for 
that situation is shown in Exhibit 11.6, which shows that a piece of the 
corner will have to be chopped off to allow the magnet to make the turn. 
The clearance between the magnet and the supports as it goes around the 
curve is approximately 6 inches. Therefore, automated steering is 
advisable in this area. 

E SHAFT AREA - 30-FT SHAFT 

A labyrinth will also be required for radiation protection in this area. 
However, this labyrinth will be fixed. 

Vehicles will have to negotiate a radiation protection labyrinth as 
shown in Exhibit 11.7. This layout shows the minimum dimensions 
required for a three-passenger vehicle with a trailer to negotiate the 
curves. 

Exhibits 11.7 and II.S also show the space required by different vehi
cles in making a U-turn. 

TUNNEL TURNAROUND AREAS 

Dimensions of turnaround areas required inside the tunnel niches are 
also shown on Exhibits 11.7 and II.S. for different vehicles. 

INTERACTION REGION BYPASS 

Exhibit 11.9 shows the minimum radius that should be used around inter
action region bypasses. 

R85122C1519001 11-1 
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ERS ROLLERS 
(Formerly Express Rollers) 

:-. 

I ' 

LJ 
tilt 

25-ERS 375-ERS A 1M'" glass boNia mac"lne IS Installed In Itne on 
Hilman Rollers. 

ERS rollers are the lowest profile high Old Ca~1ty 

capacity rollers in the world ' Designed on the 
Model Metric TOI'II In.~m. Model Number &. Set DI 4 

endless chain concept, the ERS Rollers' style 3.75-ERS 3.75 15 2'/. 70 
is basically for straight line motion; yet each SWERS 'NI 5 20 2'/. 70 
can be outfitted with a swivel attachment for I()'ERS 3 10 40 3'1. 86 
turning and positioning. They are the economy 

12.SW·ERS 3W 12.5 50 3'/, 86 
leaders in the Hilman Roller line. Seven 
different sizes move from 15 to 400 tons per 25-ERS 4 25 100 4'4 121 

set of four with heights ranging from under 3 5O-ERS 50 200 5'1. 143 

inches (76.2 mm) to under 6 inches (152.4 mm). l00X·ERS 5X 100 400 5'/. 143 

ERS SWIVEL CJ 
ATTACHMENTS .. 
Each ERS Roller can be outfitted with a 
respective Swivel Attachment for pivotability 
and height flexibility. Attachments are chrome 
steel ball bearing, available with swivel·locking 
jevice (add suffix "L") for greater efficiency. 

Three sizes steering handles fit all 
attachments. Coefficient of turning friction is 
about 2% of load with small handle. The D top 
is diamond steel; the P top is the Preload Pad 
type. 

Model 
T -3. 75LD or P 
T-5WLD or P 
T·l0LD or P 
T·12.5WLD or P 
T·25LD or P 
T·50LD or P 
T·l00LD or P 

Old Model 
Nurnbef 

T·2l 
New 
T-3L 
New 
T-4L 
T·5L 

T·5Xl 

FHa 
Model 

3.75-ERS 
SW·ERS 
1()'ERS 

12.SW·ERS 
25-ERS 
5O-ERS 

l00X·ERS 
·For P type SWIvel. add '1"'119mmj in height. lY. Ibs ,n weight. 
STEERING HANDLES 
H 36 E 36" Length. 914 mm Fits UP to T·I2.5WLD 
H 48 E 48" Length. 1219 mm Fits all Anachments 
H 60 E 50" Length· 1524 mm Fits all Attachments 

SUPER HEAVY 
DUTY ROLLERS 

Width In.~m. Weight 
In. Mm. LbL K;. 

"~I. 117 8':. 219 16 7.3 

5'12 140 8'1, 219 20 9.1 

5'1. 133 10'/, 264 24 10.9 

5'1. 143 10'/. 264 32 14.5 

6'J, 175 15'/, 397 18 354 
7't. 197 23 584 156 70.8 

8 203 23 584 165 74.8 

Swivel Attachment 

ComIIIn8d WIth Roller" 
HeiOht° WIdth· 1Angth. 
In. min. In. mm. In. mm. 

A'I" 113 57'/. 149 11'1, 283 
~'I,. 113 5'1, 1~ 11'1. 283 
5'1,. 129 6 152 12'/, 324 
!S'I,. 129 6 152 12'/. 324 
7'1. 181 8 203 18 ~7 
8 203 8 203 25'/. 641 
8 203 8 203 ,251/4 641 

Number 
Cont.ct 

Rolls 

5 
6 
6 
6 
6 

8 

~~ 
13 5.9 
13 5.9 
14 6,4 
14 6.4 
40 18.1 
~ 204 
~ 20.4 

A lerpe .,.p-up It8n.'OtrMr is Nt on Hllm.n Rollers. 

300-XT 
500-XT Old CaP8CltyT .... In.H~m. F .. _Wldth· In.~m. Weight Cont8ct 

Model Model Metric T .... In. Mm. Lb&. Kg. Rolla 

Hugh structures skate almost effortlessly on l00-XT 5XT 100 6',4 172 8 203 21 533 195 88.5 7 
l00-XOT 5XOT 100 8',4 172 14 366 21 533 2~ 111.1 7 

Super Rollers. With load capacities of 100 to 150-XlL 150 6'/. 172 8 203 30 7S2 292 132.5 " 
500 tons per unit, virtually any gigantic load 150-XOTL 150 $ (tS O 6'1.. 172 14 366 30 7S2 350 158.8 II 

150-XTW 150 6';' 172 9'1,251 21 533 265 129.3 14 
becomes transportable. Typical applications 150-XOTW 150 6 11.. 172 16 406 21 533 335 152.0 14 

include reactors, bridge sections, barges, ship 2roXTDL 200 6 a;.. 172 8 203 36 914 370 167.8 14 
2roXOTDL 200 6'/. 172 14 366 36 914 415 188.2 14 

::tions, entire oil rigs and offshore modules. 2roXTDW 5XTDW 200 6'/. 172 "'1,295 21 533 32S 147,4 14 
2roXOTDW 200 6';" 172 21 533 21 533 365 174.6 I • 

• Ider 10 inches (254 mm) high, these all· 2roXTDWC 200 6';" 172 14';' 368 21 533 427 1937 14 
hardened· steel rollers almost always require a 

2roXOTDWC 200 8'4 172 21 533 21 533 507230.0 14 
3O().XT t;X ~$c.1~O 19 2S4 10'/.273 34 864 665 301.6 8 

steel moving surface. Their durability combined 3O().XOT 2S4 21 533 34 864 775 351.5 8 
with a 5% coefficient of friction make them 5roXT 7X ~4 41~S" 19 2S4 20 SOB 34 864 1265 582.9 16 

5roXOT 2S4 30 762 34 864 1396 634.1 16 
super-savers. - All 0 6. Thole panerns must be specified. 

- Small charge tor drill and tap worK 
• SWIvel tops are avaIlable on spec,al ortler . 
• Width penains to top plate only. roller body same as Xl model. 

EXHIBIT 11.: 
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FOR 10-FT-WIDE PASSAGE 
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12. TUNNEL LAYOUT 

In order for magnets, equipment, and utilities to fit in the tunnel, and 
for transport, installation, and maintenance vehicles to operate and 
maneuver, accurate layouts have to be made, with all items represented. 

Layouts of tunnel cross sections should be made for every area. 
Exhibit 12.1 shows a preliminary layout of the most typical cross sec
tion. Layouts of other cross sections were not produced for lack of 
accurate information. The layout shows all power and control cables and 
cable trays with their proper estimated dimensions and clearances. The 
cable trays have been layed out to give proper access for installation 
and maintenance. 

Two 30-inch-wide traffic lanes have been provided for transport and 
maintenance vehicles. Passing clearance is only 4.5 inches between 
vehicles and between vehicles and magnet supports, with a 3-inch clear
ance to the edge of the ditch. 

A 5-inch clearance envelope has been allowed for tolerance in the tunnel 
boring. Since the beam cannot deviate from its alignment, an allowance 
must be made for the magnet support location to be compatible with the 
tunnel alignment tolerance. This means that the effective floor space 
is diminished by this amount, because the beam and magnet supports can
not be allowed to deviate from the beam alignment to follow the tunnel 
alignment. The electrical trays and wiring are not affected as much, 
because they can be lowered if necessary and can also follow the tunnel 
alignment in the horizontal direction. 

As shown in the layout, under the worst condition, one of the wheels of 
the transport vehicles may end up riding partially on the ditch. In 
this event, two things can be done: make the ditch narrower or decrease 
the clearance between vehicles when passing. 

An attempt was made in the layout to preserve a I-ft, 4-inch nominal 
clearance around the magnets so that a person could slide around to the 
back of the magnets for inspection, mounting, or assembly assistance, 
etc. This clearance does not take into account the tunnel boring toler
ances. However, a person could still slide around the magnets with a 1-
ft clearance, which would be close to the worst case of tunnel boring 
misalignment. 

Exhibit 12.2 shows the same tunnel cross section during installation of 
the bottom magnet. During this operation, the lifting devices will have 
to be retracted and the magnet lifted over the hydraulic unit in order 
to get the transporter out of the way. Assuming the worst case in tun
nel tolerances, the clearances available are rather minimal in this 
situation. 

It is also suggested that during ASST operations, tunnel boring toler
ance constraints be simulated to experience the worst situations to be 
encountered. 
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13. PROTOTYPES, BIDDERS LISTS, AND SPECIFICATIONS 

Designs shown in this report are conceptual and do not take advantage of 
all the experience and off-the-shelf equipment that may be available. 
Vendors have been researched and contacted, and some information has 
been obtained, but in general, vendors have not been willing to spend 
much time without a more formal approach. 

It is assumed that all vehicles and systems will be prototyped and 
tested in the ASST and PIF programs. 

It is suggested that formal prequalification documents, with all 
requirements clearly defined, be prepared for vendors of all the trans
port systems considered. These documents would also request detailed 
information regarding vendor experience, complete catalogs, and samples 
of similar type of work performed. 

It is also suggested that vendor lists be prepared for the different 
types of equipment. These vendor lists could be compiled in a coopera
tive effort between the different groups that have previously been 
involved in such systems, such as the sse Lab, RTK, Lawrence Berkeley 
Livermore Laboratory, Fermi Laboratory, etc. 

Prequalification documents should be sent to these vendors and responses 
evaluated and short listed. The information obtained should be cata
loged and made available to the engineers involved in the design. 

Simultaneously with the prequalification effort, detailed specifications 
should be written for each type of equipment or system. The specifica
tions would be accompanied with rather detailed conceptual drawings and 
design criteria, so vendors would have no doubt as to the intent, func
tion, and physical limitations of the equipment. 

Once the prequalification documents are received and evaluated, short
listed vendors would be sent bid documents and the specifications and 
drawings. These vendors would bid on prototypes only at this time. 
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