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ABSTRACT 

This paper presents the design of a multiservice utility plug · 

and drive system to be used for reliably engaging and disengag

ing all utility connections automatically that .serve large .Port

able equipment modules . 

. The modules are arranged into a fuel processing production line 

rlithin the Fuels and t·1aterials Examination Laboratory. The utility 

plugs allow the modules to be easily replaced, rearranged or re

moved for maintenance. 
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BACKGROUND 

Fuel fabrication and processing will be performed within various 

equipment modules that are sequentially arranged in production lines. 

The modular productio~ line provides ease of unit operation replacement, 

maintenance and modifi~ation with minimal contamination potential. 

Each module will be provided with a Multiservice Utility Plug 

through which all services to the module will pass. The design of the 

plug will permit remote placement, and removal of the module with reli-

able engagement of all integral connectors. The unit will also resist 

the forces from a seismic acceleration of the module mass. 

REQUIREMENTS 

The Multiservice Utility Plug was designed in accordance with the 

following criteria: 

It should be designed for remote engagement and disengagement 

of all connectors and for remote maintenance. 

All components were designed to operate within u gamma radia-

tion environment of 1000 R/hr for 5 years. 

Engagement or disengagement should be performed within 30 minutes. 

The plug size requirement was limited to 40x24 inches with an effec

tive height (height of plug assembly pl~s vertical distance required_for 

engagement) limited to 12 inches. 
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. The facility half of the plug should be anchored to the floor, 

but utility routings could not penetrate the floor surface. 

The maximum module size is 8'x8'x7' high. Maximum module weight 

is 18,000 lbs. 

The plug structute should be capable of resisting the effects of 

an earthquake acceleration of the module mass in accordance with UBC 

Zone 2 criteria. 

The plug will connect the following services: 

One ventilation loop containing air or nitrogen at 25 SCFM flow and 

at 70° - 140°F, with overall pressure loss through connectors less 

than 0. l" WG. 

Eight couplings (4 loops) containing nitrogen, argon, hydr0gen 

and air at 50 to 115 psig and at 15 SCFM flow rates. 

T\'IO couplings (1 loop) containing high purity argon (99.996 percent).· 

One service vacuum coupling at 25 inches Hg. 

Two non-spill cooling water couplings (1 loop) at 100 psig, 90-

120°F and 25 gpm. Pressure loss not to exceed 16 psig through con

nectors. Spillage must not exceed lee. 

One electrical circuit 7000 VDC, 20 watts. 

Two 480 volt, 3 phase, 40 KVA circuits. 
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One 240 v~~t. 1 phase; 20 amp circuit. 

Eight 120 volt, 1 phase, 20 amp circuits. 

One shielded and isolated 120 volt, 1 phase, 20 amp circuit. 

Five twisted pairs of 24 volt, 1 phase, 18 gage. 

Fifty twisted pair of 22 gage signal \'Jiring. 

Two coaxial cables similar to RG-58. 

Two 50 conductor ribbon cables. 

Two fiber optics cables. 

DESCRIPTION· 

The plug mechanism consists of twb halves, one of which is attached 
\ 

to the underside of the module and the other to the facility floor .. See 

Figure l. 

A two-step operation is required to engage the connectors. The module 

is first lowered vertically 1-7/8 inches onto two indexing pins. The 

second step simultaneously engages all connectors by horizontally moving 

the lower jaw half against the enclosure jaw half using a synchronizing 

drive unit and the facility rectilinear manipulator. Two and one half inches 

of lower jaw travel is required for complete engagement. 

Accurate alignment of the connectors is attained through the use of 

four die-set bushings and pins which engage before the connectors and couplings 

unite. All couplings and receptacles attached to the enclosure jaw half 

have floating mounts allowing approximately l/64-inch radial movement. 
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The lower .jaw half of the plug is driven horizontally by two synch

ronized acme screws and bevel gear boxes. Synchronization of screws is 

enhanced by a phase change coupling with a 100:1 ratio. 

The unit is designed to be rotationally driven using a T-bar drive 

handle by a PAR Model 6000 rectilinear manipulator. The manipulator can 

deliver 720-lb-in of torque at 7 RPM. The structure is ~esigned to with

stand the maximum torqu~ althbugh it greatly exceeds the anticipated re

quirement of approximately 180 lb-in. To minimize damage potential to 

the delicate connectors and couplings,the T-bar handle incorporates a slip

clutch that limits torque to 180 lb-in in the direction that closes the plug 

and to 250 lb-in in the direction that opens the plug. More torque is pro

vided in the opening direction to oveicome the wedging locking action that 

occurs as the halves "bottom out" in the closed position. The T-bar handle 

is also provided with a means to override the slip-clutch and develop the 

full manipulator torque. This is done by inserting a 5/16-inch diameter rod 

through the hole provided in the housing but is not recommended for normal 

operation. The slip-clutch is of the ball-detent type that does not wear 

or change in torque value during its life. Slip clutch torque values can. 

however~ be easily adjusted by changing two internal compressio-n springs. 

The floor half of the plug rides on a compliant suspension system con

sisting of plates at each side mounted upon compression spings. The plug 

structure rolls on two cam roller bearings per side which track on the plates. 

The compliant suspension system allows the moving plug half to adjust to 

slight variations in attitude of the module half. This compliance is not 

restricted by the drive screws since spherical bearings and barrel nuts 

provide them with two degrees of freedom. 
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Removable connector blocks are provided within the structural frames. 

Tbis feature provides easy maintenance of connectors and couplings by removal 

of the modular connector blocks from the rear of the structural frames. It 

also allows evaluation of other types·of plugs and connectors by changing 

only the specific connector block. 

The plug can be mounted anywhere on the bottom of. the ·module thereby 

providing versatility for module design. It \'las assumed that it will be located 

at the geographical center of the module; however the front edge would provide 

superior operational visibility. It is assumed that the module will be pro-

vided with corner supports, to keep the module from tipping over. 

The criteria limits the plug height (including the lift distance during 

docking engagement) to 12 inches. Accordingly, the module with.plug. half. 

attached is lifted only 1-7/8-inches and moved horizontally into the open 

rear portion of the floor mounted section until it is stopped by protruding 

plates. It is then lowered down .1-7/8-inches onto the. vertical index pins. 

All couplings and connectors are protected from damage during any possible 

misaligned docking attempts. 

If the plug is positioned at the center of the module, it may be 

·necessary to paint lines on the floor at the corners of the module to help 

the operator in docking. Lead-in guides are provided for engagement pro

vided the module is reasonably close to its target. 

The ventilation loop is provided with butterfly valves that open and 

close automatically on docking. This is accomplished by a spring loaded 

rack and pinion mechanism. The butterfly valves are not designed to provide 

a high integrity seal; -however) they will fit closely and will maintain the 

system ventilation balance when the loop is disconnected. 
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The plug design requires that the bottom structure of the module 

be sufficiently rigid to react to seismic shear and overturning loads trans

mitted to it from the plug structure. Also, the actuator force caused 

during closing the plug halves will produce a moment that must be reacted 

by the module structure for correct performance. 

COUPLING AND CONNECTOR SELECTION 

An investigation of comme~cially available fluid couplings was 

perfor~ed. 

Hansen, Bruning and Snap-tite quick-disconnect coupldings were evalu

ated with Snap~tite Series 29 appearing to be the best suited to the module 

requirements. This coupling possesses automatic shutoff of both connector 

halves with less than 0.080cc spillage (3/4-inch size). The 3/4-inch size 

will pass 25 gpm with pressure drop of 9.5 psi of hydraulic oil. Therefore, 

losses with water are calculated to be 16.8 psig total through two loop coup~ 

lings. 

The couplings are available in aluminum or 316 stainless steel and 

with a choice of any commercial elastomer seal compounds. 

Two couplings are required for cooling water, eight for gases and one. 

for vacuum. In order to simplify connector-alignment and simplify plug puri

fication, it was decided to use the· same type connector for all fluid services 

if possible. The Snap-tite Series 29 accommodates this desire even though 

it is over designed for some of the applications. It can even be used for 

the-vacuum service if the nipple half is placed upstream. 

Connection force of approximately 100 pounds per coupling at 100 psig 

will have to be provided by the plug mechanism. 
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The ball detent locking collar around each coupler will be deleted. 

The plug mechanism must provide the required locking for~e to hold the 

couplings together. This is common practice in similar applications. 

An attempt was made to use electrical connectors with the most positive 

alignment features and the largest and strongest connector pins. The ·largest· 

number of pins are required for signal wiring service. Provisions are pro-

vided for 50 shielded twisted pairs (150 pins including a pin for each shield), 

100 conductors from ribbon cahles and two coaxial leads. 

ITT Cannon manufactures a type of rack/panel connector that combines 

up to 4 multiple pin plugs into one shell. The individual plugs andre-

ceptacles are square and provide good alignment for pin engagement. Also, 

ganging four plugs into one shell minimizes the probability for misalignment 

by a-factor of four. Therefore, this type of connector was chosen for the 

signal wiring. One four-plug shell and one two-plug shell are used. 

·Three of the four plugs in the four-plug shell are used for the 150 

leads using 57 #20 size pin arrangements. The fourth plug is used for the 

ribbon cable although it is not a ribbon.cable connector. One hundred six, 

#22 size pin arrangement is used. 

The two coaxial leads are serviced hy one plug in the two-gang shell 

using the 8 size 9 coaxial arrangement. The other plug in this shell is 

used for 24 volt control wiring. 

-Five ITT Cannon single shell rack/panel connectors are used for the 

remaining electrical and fiber optics connectors except for the 7000 VDC · 

s~rvice. A large size (36 shRll size) MS connector was selected for this 

service. The arrangement provides two pins rated at 9000 volts A.C. 
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FIGU.RE l : r~ ultiservice Utility Plug with Component Callouts 
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