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PREFACE

This study of low-cost elevators for use in existing transit sta-
tions was commissioned by the U.S. Department of Transportation,
Transportation Systems Center. It included a four-day site

study of screw column elevators manufactured by the Ebel Co. of
Brussels, Belgium, at the company offices and plant and at Belgian
elevator installation locations, in order to obtain the detailed
information necessary for this report. In addition, information
was obtained on current practices pertaining to screw column ele-
vator operation in Belgium, on current screw column elevator de-
sign, on code considerations both in Belgium and the U.S., and on
the Ebel Co.'s policy regarding the manufacturing of the product
in the U.S.

This document has been prepared to discuss elevators that offer
low-cost options for providing access to transit stations in
order that the stations can be used by the elderly and handi-
capped and other transportation-limited persons. The screw
column elevator has been selected as an option to meet this need

and is fully detailed in this report.

Data presented in this report has been prepared so as to be use-

ful to transit authorities when selecting elevators to meet local
accessibility needs.

The assessment team of K. M. Shea of DYNATREND Incorporated;

M., R. Whitley, consultant to DYNATREND Incorporated; B. S.
Mahapatra of Southeastern Pennslyvania Transportation Authority;
and Joseph S. Koziol, Jr., of the Transportation Systems Center
acknowledges the full support of, and particular thanks to

Mr. Jose-Philippe Lefebvre and Mr. Jean-Marie Gilles de Pelichy
of Ebel Co., Mr. Albert L. Gerard, affilliated with Eurolift
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(Ebel U.S. manufacturer and distributor), and Mr. Robert
Detilloux of Association des Industriels de Belgigque (AIB) for
providing information needed for this report. Acknowledgement of
full support is also extended to Patricia E. Simpich, project
sponsor, of the Urban Mass Transportation Administration's Office
ot Technology Development and Deployment for providing guidance

in the conduct of this study.
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EXECUTIVE SUMMARY

The goal of accessibility to mass transit by elderly and handi-
capped patrons has resulted in this study of elevators, to
explore less costly ways to provide vertical movement between
floor levels by patrons unable to use stairs or escalators.
Various elevator types exist. The most common are the conven-
tional electric traction or cable, conventional hydraulic, and
holeless hydraulic. Vertical platform lifts may also be suitable
for limited level changes. The screw column elevator has
recently been introduced to the United States. Each type has
its own advantages and disadvantages. When a transit authority
is constrained by the need to minimize costs and confronted with
the problems associated with installation in an existing site
(such as location of utilities, limited platform width, and fixed
load-bearing capacity of the existing structure), a low-cost
elevator requiring the minimum of site alterations would best

meet the authority's needs.

Review of the various elevator types resulted in identifying the
holeless hydraulic and screw column elevators as the best options
for many low-cost applications. The screw column elevator was
selected from these two for detailed study, because it appeared
to offer the lowest cost and require the least site preparation.
In addition, because screw column elevators have only recently
been introduced to the U.S. market, timely information about them

is needed.

Currently, the major producer of the screw column elevator is the
Ebel Co. of Brussels, Belgium, which has installed 250 units (all
in Belgium) over the past 16 years. Ebel will be distributing
and manufacturing in the United States through Eurolift of
Wooster, Ohio. The assessment team visited the Ebel Co. in
Belgium in order to discuss the product, view the manufacturing
of equipment, and conduct onsite inspections at typical installa-
tions.
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The screw column elevator is a diract-drive unit which uses a
stationary screw column and a rotating "nut." The screw is
mounted vertically in the hoilistway and the nut 1s rotated by a
V-belt drive from a reversible electric motor. The nut either
"climbs" or "descends" tne screw column, depending on the direc-
tion of rotation of the motor. The guided elevator car 1is
attached directly to the drive assembly and moves up or down as
the motor rotates the nuat. Safety devices have bheen included as

needed to meet applicable Belgian standards.

Since all Ariving eguipment travels with the elevator car, all
maintenance is conducted {rom within the car (after removal of an
access panel) rather than from above or below. Thus, no person-
nel will be working under or above the elevator car. With no
requirement for refuge space or for automatic door operating
equipment, this arrangement permits the elevators to be installed
with minimum pit depths and limited top clearance -- an attrac-
tive feature where space conditions are limited as in an existing
transit station. However, current considerations by the national
clevator code development body in the United States will cover

acceptable pit and overhead configuration.

Currently, the American National Standard safety Code for Eleva-
tors (ANSI Al7.1) does not apply to screw column elevators of the
design studied. A code committee is, however, concluding its
work at the time of this report to expand Al7.1 to cover various
types of screw column elevators. Considerations include accep-
table pit and overhead clearance requirements, in addition to
other safety reguirements. The manufacturer has designed and
operated safety devices which will meet the anticipated U.S.
code. However, the pit and overhead clearances, plus safety
equipment requirements, will still be dependent upon the recom-
mendations of the code committee and their judgment of the

requirements to ensure safe operation and maintenance of this
clevator.



The units observed in operation all worked effectively, although
they were somewhat noisy because of the proximity of the motor
and rotating parts to the elevator car. The running operation of

the units observed was smooth but slower than other types of
elevators.

The clevator's starting and stopping was somewhat abrupt because
of the use of a single-speed motor and the operation of a motor
brake, although elderly patients using mobility aids at a
hospital installation d4id not appear to be incommoded by the
starting and stopping characteristic. Motor braking prevented
any coasting and provided excellent leveling at the floor - a
desirable feature for an elevator used by the handicapped and the

elderly.

The consensus of the assessment team was that the advantages of
low cost, ease of installation, and minimum space reguirements
far exceeded the inconveniences of higher-than-average noise
levels and somewhat abrupt starting and stopping. These
findings lead the assessment team to the conclusion that screw

column elevators are appropriate for transit applications.
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1.0 INTRODUCTION

Section 504 of the Rehabilitation Act of 1973 states that "no
otherwise qualified, handicapped individual shall, solely by
reason of his handicap, be excluded from participation in, be
denied the benefits of, or be subjected to discrimination under
any program or activity receiving federal financial assistance."
To comply with this law, transit authorities must ensure provi-
sion in the authority's service area of transportation that
transportation-handicapped people can use. This may include pro-
viding access to existing transit systems. One element of such
access 1is that of vertical movement between station entry level

and train platform level in rapid transit stations.

Many solutions have been proposed that would provide vertical
movement; but for timely implementation, application of existing
off-the-shelf elevators rates high among potential solutions.
Different types of elevators are available, each with its own
particular advantages and disadvantages. The elevator best
suited for application in an existing transit station is one that
is low in cost, technically acceptable, and meets all site-speci-
fic requirements. Moreover, in an existing station, the optimal
unit will require minimum space, be relatively easy to install,

and have an overall low installation cost.

This study analyzes current elevator types to determine which
type(s) best satisfies these requirements and then presents de-
tailed data on a specific type, the screw column elevator, which

appears to be promising.



2.0 BELEVATOR COMPARISON AND SELECTION

Tne issues and problems surrounding the vertical movement of
patrons in transit stations call for certain requirements in the
design of an elevator. Issues associated with selecting a unit
that will result in an overall low cost and satisfy structural,
spatial, and security needs pose design problems for elevators.
Each of these problems has been addressed and a list of important
reguirements has been developed. These reguirements pertain to
elevator and station problems generally, but do not attempt to
address site-specific problems which face the transit authority
and architect/engineer at the time of planning for and designing

a specific installation.

The Eollowing requirements have been identified as necessary to

evaluate celevators for transit use. The elevator should:

1. Be capable of use by both the elderly and handicapped
and other transit passengers.

2. Have a capacity of no less than 2000 pounds.

3. Be sized tor wheelchair tucnaround. This results in a
net car dimension of 80" x 51" or 638" x 51" depending
on location of the elevator door opening.

4, Be able to nmeet expected vertical rise (nominally 20
fteet).

5. Have a low life cycle cost, which includes capital ex-
pense, installation, operations, and maintenance.

6. Be easily installed in existing locations.

7. Provide for passenger safety.

8. Provide [or passenger security (such as against mal-

icious attaciks).

9. Give reliable service.

10. #Meet and satisfy prevailing codes and standards.

11. Be capable of operating in a transit environment.



These specific requirements set the conditions for any technical

analysis of elevators. In addition, for purposes of this report,

a nontechnical requirement forms item 12:

12.

Material should be available that provides information
needed by transit authorities to select, purchase, and
install elevators which result in the lowest overall

cost.

These twelve items formed the basis for a comparison of available

equipment.

Discussions with manufacturers were conducted and elevator speci-

alists were interviewed in order to select initial elevator

candidates. This activity resulted in the following list of

equipment types to be considered:

l.

Appendix

Conventional electric traction (i.e., conventional

wire-rope-supported), including basement traction

Conventional hydraulic

Holeless hydraulic

Screw column

Vertical wheelchair platform lift

A is provided for reference and contains information

which identifies and describes the characteristics and operation

of each of the equipment types. As it is completely detailed in

the body of this report, the screw column is not included. (A

review of the chain hydraulic type mentioned in a related report

revealed that it is in the conceptual stage only. It is not im—

mediately available and thus was not reviewed for this report.)



Bach of the listed elevators Jas then compared against the previ-

ously stated requirements. A summary of this comparison is shown

in Table

2—10

Comparison of equipment types with specific regquirements indi-

cates the

].l

following:

All types, with the exception of the vertical wheel-
chair platform 1ift, can meet passenger, capacity and

size requirements.

All units, with the exception of the vertical wheel-
chair platform 1ift, provide rises which can service
normally expected floor-to-floor distances of approxi-

mately 20 feet.

For similarly sized units, cost comparisons which con-
sidered the cost of site alterations to accommodate the
elevator, the elevator equipment and its installation
indicate that the electric traction type is usually
most costly. Following the electric traction type, the
usual order of cost in descending order is the conven-
tional aydraulic, the holeless hydraulic, and the screw
column. The platform 1lift, with no hoistway, is the

lowest priced.

All units can be retrofitted into existing buildings;
however, the degree of difficulty of construction must
be noted and compared. The conventional electric trac-
tion elevator requires a deep pit and a large overhead
machine room which must be structurally supported. The
conventional hydraulic requires a well hole to be
drilled, which if reguired to be done inside an exist-
ing transit structure might prove to be difficult, if
not impossible. Holeless hydraulic and screw column

elevators require no overhead machine room and a
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shallower pit area than other types. Having been
designed with retrofit application in mind, they pre-
sent the least construction-related problems. Vertical
handicapped platform lift can be easily fitted into
existing locations. These retrofit problems are
reflected in the cost comparison of item (5) of Table
2-1.

All units have been designed with features which pro-

vide for passenger safety.

All units using cars may offer less security than an
open platform lift, but special glass enclosures are

available, as necessary, to increase car security.

All units show reasonable reliability - no differences

are readily apparent.

All units, with the exception of the screw column ele-
vator, currently meet existing codes. The U.S. nation-
al elevator code committee, with cooperation from the

screw column elevator industry, is currently working to

develop an appropriate code.

Each type will be affected differently by interior
transit station environment and changes in outdoor
Jeather conditions. The platform lift is usually
located indoors and accordingly would not be subjected

to changes in the weather,

These comparisons have been made Dy comparing similar elevators

heing installed at a "standard" site. This site is an existing

station which reguires a 20-foot rise with openings at two

different

levels. Selection of appropriate elevators can be made

when these conditions are tested against the comparison result.

When this

is done, it is determined that:



1. Conventional electric traction, due to overall high
costs and problems in modifying the existing stations
to accommodate the unit, will usually not be the best

choice.

2. Conventional hydraulic, although with lower costs than
electric traction, offers potential problems in modi-
fying the existing stations to accommodate the unit,
especially in placement of the well hole for the hy-
draulic jack, and thus will usually not be the best

choice.

3. Vertical handicapped platform lifts are strictly limit-
ed to transport of individual handicapped persons for
very low rise and as such do not meet requirements.
However, these units might be suitable for other,

special handicapped-only level changes.

4. Holeless hydraulic and screw column elevators will
usually be the most appropriate types because of the
overall lower cost and the fact that station altera-
tions to accommodate their installation are less diffi-
cult. These units should therefore be considered the
most applicable for vertical movement in existing tran-

sit stations.

With the selection of the holeless hydraulic and screw column
elevators as technically applicable elevators, a decision was
made, with the assistance of the Low Cost Vertical Elevator Liai-
son Board (See Appendix B for membership), to consider the addi-
tional requirement of this report, that is, the need for informa-
tion. This consideration was made with the realization that
large American manufacturers are actively marketing holeless hy-
draulic elevators and that applicable information regarding these
elevators is available from these manufacturers and consulting

engineers. The screw column elevator, which is considered to be



an acceptable alternative, and additionally has the advantages of
no machinery room and limited pit and overhead clearances, is new
to the American market, and 1is at present being sold primarily in
Europe; as such, information pertaining to screw column elevators
is limited. The need for information on screw column elevator
installation requirements, operation, and performance was con-
firmed by the Liaison Board, as it would present another option
for transit authorities, with the potential result of lowering
the overall cost of elevator installation. Use of these ele-
vators could then result in program savings for the transit
authority and the Government sponsoring agency. These considera-
tions underscore the need for the technical information detailed

in this report.



3.0 INTRODUCTION TO THE SCREW COLUMN ELEVATOR

The screw column elevator is a direct-drive unit which operates
on the screw lift principle. For elevator installations, a sta-
tionary screw threaded column is located in the hoistway, and a
rotating "nut" is driven around the threaded column, providing
the vertical movement. This drive mechanism and principle has
been employed on elevators since 1965 in Belgium, where a total
of 250 units have been installed by one manufacturer. Only re-
cently have screw column elevators been introduced to the Amer-

ican market.

This particular elevator has a well-defined market. The primary
service for which the elevator is designed is for retrofit in-
stallation at relatively low rises., It has proven to be compe-
titive where low rises (within 60 feet), lower capacities (up to
2500 pounds), and retrofit installations have been required. The
screw column elevator is not competitive as a high volume traffic
elevator such as those used in high rise office buildings because
of the limited rise and also because the travel speed is slower
than that of other elevator types.

The screw column elevator, when compared to other available
types, can be seen to have the following advantages and disadvan-

tages:

ADVANTAGES OF SCREW COLUMN ELEVATORS

1. Requires less space in the building or structure than
other elevator types having the same capacity, size and
speed. (Does not require an overhead machine room like
the conventional electric traction elévator, or a
machine room outside the hoistway like conventional
and holeless hydraulic elevators. Also, lateral space
requirements between the elevator car and hoistway are

less.)



Is usually easier to accommodate in existing buildings/
structures than other types of elevators as it requires

no machinery room and less space.

Adds less loading to the building/structure than do
other types of elevators. Furthermore, the loading is
spread equally over an entire hoistway wall rather than
concentrated overhead as with a conventional electric
traction elevator or concentrated at pit level as with

a conventional hydraulic elevator.

Has good leveling accuracy with all load variations,
which is especially important to persons in wheelchairs

and other handicapped users.

Costs less, overall, than conventional electric trac-

tion or conventional hydraulic elevators.

DISADVANTAGES OF SCREW COLUMN ELEVATORS

l.

3.

In order

Is designed currently for limited capacity (up to 2500
pounds), limited speed and limited travel installations

(rises up to 60 feet).

Has a higher noisc level in the car than do other types
of elevators. (Motor and drive unit is mounted on the
car.)

Starts and stops somewhat abruptly.

to obtain the detailed information on screw column ele-

vators which would be valuable to transit authorities in assess-

ing the applicability in existing transit stations, an assessment

team was

formed to study and evaluate screw column elevators.

The assessment was made of elevators of a Belgium manufacturer

who has over 250 units installed.
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The manufacturer has installed these units in many varied loca-
tions such as warehouses, offices, hospitals, apartment buildings
and private residences. As there is no current Belgium program
requiring transit accessibility, no elevators of any type, in-
cluding screw column elevators, have been installed in transit
locations specifically for handicapped patrons. Evaluation of
the elevators took place in the manufacturer's plant plus seven
locations in Belgium. These locations were chosen so the assess-
ment team could obtain a broad picture of the manufacturer's
units and gather information which would be most appropriate for
transit operation. These locations along with other pertinent
information are given in Appendix C, while persons contacted
while in Belgium are listed in Appendix D.

The screw column elevator represents a simple, straightforward,
economical approach to'providing basic vertical transportation
service. Even with existing limits on the capacity, the speed,
and the rise of the unit, it appears to be ideally suited for the
movement of handicapped persons in transit stations, where large

capacities, high speeds, and high rises are not needed.

The following sections of this report present the findings of the
assessment team and describe the equipment which is currently
being manufactured and installed in Belgium. Some data is pre-
sented on manufacturer efforts to modify or improve the unit so

that it is made more acceptable to the U.S. market.
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4.0 DESIGN OF THE SCREW COLUMN ELEVATOR
4,1 GENBERAL

The screw column elevator utilizes a cantilevered car to which
the drive mechanism is directly attached. The motor, which is
connected to the "nut" by V-belts, rotates the "nut" on the sta-
tionary screw column and provides the power to move the car both
Jpward and downward. The screw column is supported only from the
top and, thus, is in tension. The velt drive permits desirable
slippage should the motor continue to run because of a control
malfunction. Movement of the car in the hoistway is stabilized

through the use of permanently fixed guide rails.

The relationship between the car, hoistway, screw column, drive
mechanism and guide rails, as well as other subcomponents is
shown in Figure 4-1. As cach unit is engineered specially for
the site, this manufacturer does not currently maintain detailed
specifications or technical-data catalogue of pre-engineered or
standard models. However, pertinent typical information Eor an
elevator to be installed in a transit station was obtained and is
presented below. In addition to the features listed below, the
units can be designed for any door location, or with both entry
and exit doors, and for various car interiors. All installations
to date employ a manually activated swing door, which is the
common European practice for small elevators. American standards

call for automatic doors.

TECHNICAL DATA FOR A TYPICAL TRANSIT STATION INSTALLATION

Rise: 20 feet - two openings

Rated capacity: 2000 pounds

Empty car weight: 775 pounds (with no accessories)
Add for automatic door: 440 pounds

Car Adoor: single slide type - 36 inch

opening - off center

12
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Car interior: 68 x 51 inches, finished as

specified
Leveling tolerance: 1/4 inch
Normal velocity: 70 ft/min (approximately)
Safety provisions: safety nut, hand lever for

manual movement of car

Motor: (2)5 HP, 240V, 3ph, 60Hz

Brake: internal motor brake, conical
type

Drive mechanism: motor, V-belts, and nut

4.2 MAJOR COMPONENTS

Specific details of major components and subcomponents are dis-

cussed and illustrated in the following/sections.

4.2.1 Screw Column

The screw column is cut from cylindrical 1040 steel in 12 foot
sections. The milling operation cuts threads into this stock as
shown in Figure 4-2. Male- and female-threaded ends are prepared
in each section so that the sections can be assembled into the
total length needed for a particular installation. The sections
are assembled and locked together using a taper pin prior to
thread cutting. The thread is then cut with the cut passing
through the jointed section so that no misfit or misalignment
occurs. After threads have been cut on the entire length of
stock, the sections are disconnected in order to provide ease in
voth shipping and installation. The assembly of the screw column
in the hoistway is fast and alignment is maintained through use

of the taper pin set (see Figure 4-2).

The ends of the total length screw column are prepared to fit the
upper support assembly and lower restraint assembly. The top
section is mill-finished for approximately 6 inches and drilled

through, while the bottom shaft portion is mill-finished only.
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4.2.2 Screw Column Supports

The screw column is supported only from the top end and thus is
in tension. The lower end is restrained (guided) to fix its

position. The column does not rotate.

Upper Screw Column Support - This assembly is used to support the

entire screw column, the elevator car and its live load, and to
transmit these loads to the structural load-bearing elements.

The top of the column, which has been drilled through, is located
as shown in Figure 4-3. The column is held in position by a rod
which is fitted through it and which, in turn, is secured in the
holding fixture. This fixture is attached to the main structural
framing. The guide rails and structural system provide the means
to distribute the load across the load bearing wall. As dis-
played in Figure 4-3, only one load bearing wall is needed to
support the entire elevator assembly (where a load bearing wall
is not available, free-standing steel framing can be utilized to
support the elevator). Fiqure 4-3 also shows the relationship
between screw column, the upper screw column support assembly,
and guide rails. (Note that this unit has been installed on an
existing wall.) For this installation, and others like it,
expansion bolts are used to attach guide rails and structural
steel to the bearing wall. Different types of expansion bolts
are used for brick, concrete, or concrete-filled masonry block
walls. Through-bolts with backing plates are used as necessary,
if the design permits. The manufacturer stated that no problems
have occurred using expansion bolts, and in addition, it was
determined that they are checked by inspection officials during

site visits and no problems have been observed.

Lower Column Restraint - This assembly is appropriately called a
guide since the lower end of the screw column is fitted into the

bearing but not fixed. The device is used to prevent undesired
lateral movement by the screw column. The assembly is displayed
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in Figure 4-4. Figure 4-4 shows the underside of the device and
sleeve bearing, the device with the bottom of the screw column
inserted, and the device installed. The minimum loads that the
lower restraint device must support permit the assembly to be

mounted directly on the bearing wall as shown in Figure 4-4.

4,2.3 Structural Support

The entire elevator assembly, is supported by the structural sup-
portlsystem mounted onto the bearing wall. This support system
consists of rails, beams, and braces affixed to the wall as shown
in Figure 4-3. The structure is factory-prepared, shipped to the
appropriate site, and assembled and installed on site. The ele-
vator manufacturer changes only the width between rails when in-

stalling an elevator having a wide-body car.

4,2.4 Drive Mechanism

The drive mechanism is an assembly that consists of a motor, V-
belts, and a lifting/bearing device called the nut. The entire
assembly is mounted on the elevator car and is integral with the
car as the unit ascends and decends the screw column. Figure 4-5
shows the assembly at a low travel location. The motor normally
used is 5 hp, although for larger units two motors are used and
arranged at either side of the nut. The motor drives the nut
through standard V-belts with one belt provided per horsepower.
The rotating nut provides the motion for vertical travel. The
motor is fitted with an internal conical brake which is used to

eliminate coasting and assure leveling accuracy.

The nut, depicted in Figure 4-6, is the main component of the
elevator system. The complete nut assembly is shown as an ex-
ploded view in Figure 4-6. As noted in the figure, it is made up
of two subassemblies, one rotating and one stationary. The en-
tire load of the moving elevator car is transmitted from the
rotating nut to the stationary mounting brackets affixed to the
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car. Thus, as the nut rotates in response to motor direction,
the interaction between the internally threaded bronze nut and
screw column raises or lowers the car. Ball bearings within the
assembly transmit only the up and down motion of the rotating nut
to the assembly. These bearings transmit the elevator load
through the load-isolating collar to the mounting bracket, which

is secured to the car structural members.

The safety nut at the lower end of the assembly rotates with the
primary (driving) nut but carries no load. It serves a dual pur-
pose: first, to take the load should the threads of the primary
nut somehow fail and second, to be an indicator of the amount of
wear on the internal threads of the primary nut. To date, after
15 years of experience, no primary nut has failed which would
have reguired the load to automatically transfer to the safety

nut.

The mounting brackets are separated with rubber isolation pads,
which together with the plate design, minimize the abruptness of
stops and act as an aid in preventing noise transmission, thereby

reducing sound levels.

4.2.5 Controls

The controller is located in a locked metal cabinet mounted on
the exterior hoistway wall, usually near the lowest entrance to

the hoistway.

The controller uses conventional elevator electro-mechanical re-
lays to govern the starting, stopping, and direction of motion of
the elevator. The controller, shown in Figure 4-7, connects,
disconnects, and reverses power to the motor in response to sig-
nals from the pushbuttons located outside the elevator adjacent
to each hoistway entrance, and from the pushbutton panel located
inside the car. Passenger activation of a pushbutton indirectly

starts the motor in the proper direction of rotation. Release
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of the internal motor brake is automatic when the motor starts.

A retiring cam located on the exterior of the elevator car un-
locks the door for the desired floor as the elevator arrives.
Excessive overtravel is prevented by placement of upper and lower
travel limit switches which function to interrupt the voltage to

the motor and stop the elevator.

The units installed to date have not required sophisticated elec-
tronic controls to adjust to traffic demand. Simple floor-to-
floor travel does not warrant sophisticated electronic controls.
In addition, since the Belgian experience is to use manually
activated swing doors, no controls are now available for auto-
matic door opening. The automatic door unlocking device (retir-
ing cam) and overtravel limit switches are also shown in Figure
4-7. More complex controls required for automatic door opening,
which would be required for elderly and handicapped service,
should present no significant problems if required for future

installations.

4.2.6 Elevator Car

The car is constructed in the manufacturer's plant using U-chan-
nels and sheet metal cut to size and welded accordingly. Sizes
vary as required by specification, as does the number of door
openings, the location of door openings, wall covering, and out-
side sound insulation. The car is designed with removable
panels, as required to permit free access to the drive mechanism,
hoistway limit switches, lower screw column restraint, and upper
column support. The lower removable panel intrudes into the pas-
senger compartment at hip level. The placement of the lower
panel results in a 4 inch shelf on one wall. Illumination is
also provided in the car in accordance with the project specifi-
cations. All units sold to date by this manufacturer have used
manually activated swing hoistway doors and no car doors. Power
operated sliding doors can be provided if desired by the pur-

chaser.
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4,2,7 Safety Equipment

Equipment which is provided to assure safe operation of the ele-

vator is described in Section 5.0.

4,2.8 Miscellaneous Equipment

Rollers

The car is maintained in its position by guide rails and rollers
which are attached to the car. These rollers, shown in Figure
4-8, can be adjusted about their axis in order to minimize rol-

ler-to-guide~-rail tolerance so that car shake is minimized.

Traveling Cable

Power for the elevator motor(s) is transmitted through flexible
traveling cable (power lines) which follows the car through its

up and down travel.

25



a3 %

DETAIL OF ROLLER INSTALLED IN GUIDE RAIL

KMS511-8

FIGURE 4-8. ELEVATOR ROLLERS

26



5.0 OPERATION AND MAINTENANCE

The operation of the elevator is relatively simple. Pressure of
pushbuttons activates control voltage, and circuit logic is
arranged to power the motor. The motor, in turn, drives the nut
and the car up or down the screw column. Logic controls keep
uninvolved doors locked and prevent the car from stopging at
uninvolved floor levels. Floor switches are used to stop the
unit at the selected level. Should the unit overtravel, limit

switches are provided at the positions of uppermost or lowermost
travel.

In response to a call for service from outside the hoistway or
for floor selection from within the car, the motor is activated
and the car moves in the direction to service the call. The
motor used is a single speed, high torque type, which results in
a slightly abrupt start but quickly brings the car to steady
travel. Travel is smooth although the speed is relatively slow.
Noise, generated primarily by the motor, is noticeably higher
inside the car during travel than competing models. The manufac-
turer noted that the sound pressure level recorded in the car is
in the area of 60 dBA. Since this is one of the disadvantages of
screw column elevators, the manufacturer is pursuing methods,
involving both the drive mechanism and hoistway, to minimize
noise perceived by the occupant. The car continues its travel to
the selected floor and stops somewhat abruptly. The single speed
motor and activation of the brake used to achieve leveling accu-
racy is the major reason for sudden stops. However, leveling
accuracy was noted as excellent with no noticeable unevenness
between car and floors observed. Leveling accuracy is estab-
lished by the precise placement of floor switches at time of

installation.

Wheelchair Use

Elevators to be installed in Belgium for use by handicapped indi-

viduals are to be provided in accordance with the International
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Standards Organization standard IS0/TC 59/WGl N of 1980. This
calls for a car of minimum dimensions of 1100mm x 1400mm (43 in.
X 55 in.) using a swing door and not offering space for wheel-
chair turnaround. Larger units are advised if automatic doors
and wheelchair turnaround are desired. The manufacturer pre-
sently provides elevators which meet these minimum requirements,
but has not been requested to provide any larger units for handi-
capped usage. No wheelchair use of elevators was observed.
However, during the site inspection of a five-story nursing home
in Brussels, one unit (1000mm x 1000mm), somewhat smaller than
the standard, was operating under heavy usage for elderly
persons. No problems were observed with the use of the swing

door, the small car size, or the abrupt start or stop.

Safety and Emergency Operations

The safety record of screw column elevators is excellent.
According to the manufacturer, no accidents involving passenger
injuries or insurance claims against the manufacturer have occur-

red during the operating history of the elevator.

The design of the elevator drive mechanism with its constant-
speed motor 1is such that the nut, because it surrounds the screw
column, prevents any overspeed travel or free-fall conditions.
However, should thread wear be excessive so as to possibly
endanger the screw/nut interaction, a safety nut is provided to
prevent the car from falling. To date, on the numerous instal-
lations in Belgium, thread wear of the nut has been insignificant

and no occurrences of safety nut use have been recorded.

For evacuation from an inoperable car, the manufacturer provides

the car occupant a mechanical method for self-evacuation. By
opening the access panel from within the car and gaining access
to the drive mechanism, an occupant can use a rachet to manually
rotate the nut to achieve vertical movement. This is shown in

Figure 5-1. This system was tested during this evaluation and
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FIGURE 5-1. SELF EVACUATION PROCEDURE
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was operated successfully by the assessment team. However, con-
cerns about vandalism and use of this system by elderly and
handicapped were discussed with the manufacturer prior to this
site inspection and led them to consider an alternative method
which is shown in Figure 5-2. It is shown here in its conceptual
design configuration. A chain and sprocket has been added to the
bottom of the screw column and a cylindrical bearing added to the
top so that the screw can be manually rotated by a person outside
the hoistway. The rotating screw moves the stationary nut to
achieve vertical movement. This system was also tested by the
authors and found to work effectively. This method was noted to
be potentially more reliable than a battery powered emergency
power source since it does not present problems associated with
battery and inverter maintenance. The manufacturer is continuing
to test and finalize this method for external car evacuation.

Also in the conceptual design stage is a guide rail safety grip
system which may be necessary in order to meet U.S. codes and
standards. This system shown in Figure 5-3 would be used to pre-
vent a free fall situation. As the drive mechanism, by its con-
figuration, prevents overspeed, this scenario could not be tested
under actual overspeed conditions. However, manual activation of
the safety grip system showed that the system effectively preven-
ted the elevator from continued downward travel. The condition
under which the guide rail safety grips might be required is in
the event of a failure of the serew column support, or material
or joint failure which results in separation of the column.

These possibilities appear extremely remote due to the design of
the system.

The safety equipment currently supplied with the unit, that is,
the safety nut and rachet release, is accepted by local authori-
ties for use in Belgium.

30



% %ﬂ%ﬁ::: R AR é% ’v:%@;: 5 i
CHAIN AND SPROCKET EVACUATION CONFIGURATION

DRIVE GEAR

PRELIMINARY CONCEPT OF CHAIN DRIVE

KMS511-10

FIGURE 5-2. EXTERNAL EVACUATION SYSTEM

31



DETAIL OF SAFETY
GRIP DEVICE ON
GUIDE RAIL

KMS511-15

FIGURE 5-3. SAFETY GRIP SYSTEM

32



Pit and Overhead Clearance

The design and installation of the screw column elevator 1is at-
tractive because it requires minimum overhead and pit dimensions
and no separate machine room. Current practice in Belgium is to
provide a pit with a minimum depth of 30cm (approximately one
foot) regardless of speed, and overhead space with minimum clear-
ance of 40 cm (15 3/4 inches) for elevators using swing doors.
The manufacturer anticipates that when automatic doors are used,
overhead space will be required to be approximately three feet
(with two feet being provided for the door operator mechanism).
U.S. safety requirements are being developed presently, and pit

and overhead clearances are 1issues that will be discussed.

Maintenance

The manufacturer offers maintenance contracts for each installa-
tion, which may be purchased by the owner. These contracts are
jenerally for parts, oil and grease (POG). Maintenance requires
visits to each contracted unit generally every eight weeks. This
results in six visits per year per elevator for preventative
maintenance. Maintenance records show that for all elevators the
total calls are 6.55 visits per year or a total of .55 visits per
unit per year for call-back. This call-back service was not
further broken down to determine specific causes. This includes
otherwise avoidable calls (usually someone pushing stop button),
as well as forced outages due to equipment failure.

Further investigation shows that maintenance histories appear to
be excellent. For 250 units, only one nut has been replaced
during the past 15 years. Examination of another nut replaced
after seven years of service by the manufacturer for research
purposes showed little evidence of wear on internal thread or
wear surfaces. Also, the manufacturer noted that no roller bear-

ing, located between the nut and the isolating sleeve as shown in

33



Figure 4-5, has ever been replaced. From information obtained,
it appears that over and above planned maintenance, the major
maintenance item is minor adjustments and replacement of contacts
in the controller. Information obtained from elevator owners as
well as from the manufacturer indicates that long-term operation
with minimum maintenance problems can be expected. Use of

automatic doors may result in a higher maintenance need.

Because of the limited need for maintenance, no spare parts need
to be stored at the site, nor are there any unique parts which
can be purchased only from the manufacturer (other than certain

Arive assembly components).

Environment

All units installed are protected from direct exposure to the
weather by the enclosing hoistway. This protects all parts and
components from inclement weather, but does not protect them from
changes in temperature. Outdoor elevators with unheated hoist-
ways were inspected and did not show any noticeable problems from
this exposure, and, as such, should be acceptable for transit
use. However, the effects of rail dust, as might be present in a
transit station, could not be determined. The cffects of rail
dust on operation and maintenance could only be determined after

long-term use at an appropriate site.
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6.0 CODES AND STANDARDS
6.1 CODE STATUS AND INSPECTION PRACTICES IN BELGIUM

Screw column elevators are not specifically covered by the cur-

rent Belgium Elevator Code (Institut Belge de Normalisation - NBN
250). However, the requirements in the Belgium Elevator Code for
Electric Traction Elevators are followed to the extent applicable

and practical.

The Belgium Ministry of Employment and Labor (Ministre de
L'Emploi et du Travail) has taken the position that the effort
necessary to develop specific code rules for screw column eleva-
tors is not justified, since there is only one manufacturer
(Ebel) in Belgium and the design is standardized, has been
inspected and tested, énd has an established reputation for
safety. Therefore, the Ministry has granted a derogation (blan-
ket exception) to Ebel to cover those requirements in the Belgian
Elevator Code for Electric Traction Elevators which are not
applicable to screw column elevators. The result is somewhat
comparable to placing these elevators on an approved products
list.

Elevator inspections are made by an independent, not-for-profit,
inspection authority. The Belgium inspection authority which
performs most elevator inspections is known as AIB (Association
des Industriels de Belgique). This organization understands
fully which Belgium Code requirements are applicable to screw
column elevators and has established a uniform approach to per-
forming precommissioning (equivalent to acceptance tests and
inspections in the U.S.) and periodic (routine) inspections of
screw column elevators. In a lengthy interview, Mr. Robert
Detilloux, Principal Inspector, AIB made it clear that AIB is
entirely satisfied with the safety standards for screw column
elevators. However, he advised that any significant changes in

design such as using automatic doors rather than swing doors
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would necessitate a review and possible modification of the re-
_quirements for the precommissioning and periodic inspections.
There should not be any problem with their installation and use

since automatic doors are widely used and understood.

The Belgium Elevator Code - NBN 250 has been phased out and is
being replaced by the new European Standard Safety Rules for the
Construction and Installation of Lifts and Service Lifts, Part 1
- Electric Lifts (conventional electric tradition elevators
only). The new elevator code will be known as CEN (Comite
European de Normalisation) EN 81-1. The CEN Elevator Code was
developed by the national standards organizations of Austria,
Belgium, Denmark, Finland, France, Germany, Ireland, Italy,
Netherlands, Norway, Portugal, Spain, Sweden, Switzerland and the
United Kingdom. This code has been adopted by Belgium to replace
NBN-250, In its statement of scope, the CEN Elevator Code EN
81-1 states that it does not cover rack and pinion elevators,
screw column elevators, mine elevators, ships' hoists, private
residence elevators, certain limited-use lifts for the
handicapped, etc. However, the code further states that this
standard may be taken as a basis for such elevators, thus
establishing a general safety standard. Mr. Robert Detilloux of
AIB and the manufacturer expect the screw column elevator's
design and inspection procedures to be unaffected once the

European Elevator Code, CEN EN 81-1 becomes fully effective in
Belgium.

6.2 CODE STATUS AND INSPECTION PRACTICES IN THE USA

The American National Standard Safety Code for Elevators, Dumb-
waiters, Escalators and Moving Walks, ANSI Al7.1, includes rules
covering a type of screw column elevator that was manufactured
and installed in the U.S. in limited numbers several years ago.
These rules do not cover the newer types of screw column eleva-
tors currently being manufactured.
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However the Code Committee has drafted new code rules covering
various types of screw column elevators, including the type manu-
factured in Belgium and planned for manufacture in the United
States. A proposed revision to ANSI Al7.1 was submitted and sent
out for letter ballot on December 30, 198l. Areas covered under
the new code rules include rescue provisions for trapped pas-
sengers, overhead and pit clearances, traveling cable installa-
tion, and possible governor/safety requirements. As mentioned
earlier, each of these items has been recognized by the manufac-

turer and provisions have been planned to comply as required.

Public review and balloting on the draft rules is expected to
continue in 1982 to determine whether they will be added as a new

section to ANSI Al7.1.

Pending the availability of code rules covering the newer type of
screw column elevators, state and local building officials (the
enforcing authority) may approve the installation of screw column
elevators on a case-by-case basis, based on a review of the
design to determine that the installation will provide reasonable
safety. Acceptance tests and inspections and periodic inspec-

tions will be made in accordance with the usual practices in the
jurisdiction.

Thus, changes in the design features of screw column elevators

to be manufactured in the U.S. will be dependent upon the outcome
of the Al7.1 Code Committee. Upon completion of code develop-
ment, it is expected that the manufacturer will incorporate all
necessary modifications, if any, in order to be acceptable and
meet U.S. standards.
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7.0 SCREW COLUMN ELEVATOR COSTS

The cost comparison of all elevators evaluated is given in Sec-
tion 2.0. Data obtained from manufacturers were estimated costs
for a two-stop unit with a vertical rise of 20 feet and a capa-
city of 2000 pounds. This comparison of equipment costs
indicated the screw column elevator to be lowest. Further evalu-
ation indicates that the cost for a basic screw column elevator
assembly may be approximately $18-20K. As procurement specifica-
tions may require additional items such as automatic doors,
special wall covering, phone system, etc., this cost will
increase accordingly. However, unit comparative costs should not
change. Installation costs depend on the rates of local unions
who have jurisdiction for installation or other local labor
rates. Screw column elevator installation time for a prepared
hoistway is quoted as being a total of 48 hours for an experi-

enced two—-man crew.

Total cost differences for equipment and installation between
screw column elevators and holeless hydraulic elevators, the
other low cost option, indicate that the screw column may be
approximately $3-4K lower. These costs are small, however, when
considered against the total cost of the installation. Site pre-
paration costs in an existing location must also be considered.
The savings in preparation costs for screw column elevators may
be significant as the screw column requires: (1) bearing wall
(or similar arrangement) as opposed to floor support; (2) poten-
tially smaller pit and overhead requirements; (3) no machine
room; and (4) the least hoistway space for the same sized car.
These features must be considered by the site designer/architect
in arriving at the final selection. Because of the wide diver-
sity of transit station sites and authority operating philosophy,
this report does not address site specifics and associated costs,

but leaves this to the responsible transit representative.
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8.0 SUMMARY

Screw column elevators appear to be an acceptable low-cost option
for providing vertical movement for elderly and handicapped tran-
sit patrons, while providing the transit authorities with minimal
installation problems at existing transit sites.

Although limited to distribution primarily in Belgium, the mar-
Ket is expanding in various countries including the United States
for this type of elevator. The manufacturer interviewed is the
largest supplier of screw column elevators and is currently es-
tablishing sales and manufacturing in the United States. Rise,
Inc. of California is also supplying screw column elevators, and
reports that only a few units have been installed in six years.
Also, at the same time, code activity is being conducted to
provide guidelines for installation and operation of these
elevators. Differences between current European practices and
anticipated United States guidelines are being investigated by
the Code Committee and the manufacturer, and practical solutions
are being conceptualized and tested. The manufacturer is commit-
ted to the U.S. market and all units sold in the United States
will be manufactured in the manufacturer's stateside facility.

This investigation team has reviewed the design, operation, and
maintenance of these units and found no particular issue or item
which would prove to be unacceptable to architects, engineers, or
owners of these units. The advantages and disadvantages have
been stated. It is the conclusion of this team that for provid-
ing transit authorities with overall low-cost vertical elevators,
the advantages of the screw column elevator far outweigh the dis-
advantages. Since there is no need for high capacity, high-speed
transport, the primary source of concern is noise level which is
slightly higher than that of other elevator types. As the patron

is subjected to the noise for such a short time, it is considered
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to be more of an annoyance than a problem. However, the manu-
facturer is currently attempting to reduce internal car noise

levels.

Also, the transit needs, guidelines for accessible design, and
customer or patron demands will require modifications to current
design. These modifications may include: (a) provision of power
operated hoistway doors and car doors; (b) laryer car size and
capacity than the basic minimum elevator provided for handicapped
persons in Belgium (1100 mm x 1400 mm); (c) provisions to permit
the rescue of persons (possibly severely handicapped) trapped in
a stalled elevator, utilizing outside help; (d) emergency voice
communication system; (e) specially marked car bin operating
panel which can be used by the blind; and (f) possibly an
independent governor and safety device 1if the safety nut
principle used by this manufacturer is not accepted by U.S. code
authorities.: Further, refuge space for a trapped workman above
and below the car may be required in accordance with the
provisions of the ANSI (U.S.) Elevator Code, Al7.1 and the
European Elevator Code CEN EN 81-1. However, even with these
modifications, the screw column elevator appears to offer an
economical approach to providing safe vertical transportation for
the patrons in transit stations and should be highly competitive

for installations having extremely tight space conditions.

It is the recommendation of this assessment team that, based on
the data presented herein and on the observations made from on-
site inspection, a demonstration of screw column elevators at an
existing transit station should be considered. A demonstration
will permit data to be collected that will identify how these

elevators will perform in a transit environment.
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APPENDIX A

CHARACTERISTICS AND OPERATION OF EQUIPMENT TYPES
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FIGURE A-1l.

NOTES:

1. Select 1500 2000 or 2500 Ibs. capacity if movement of
handicapped persons is the only concern. 1500 Ibs. cap-
acity will accommodate standard wheelchair with no
turn-around. 2000 Ibs. capacity will accommodate
standard wheelchair with turn-around. 2500 Ibs. cap-
acity will permit turn-around or ambulance type stret-
cher, if single panei door utilized.

2. 1500 lbs. capacity rated at 10 passengers.

2000 Ibs. capacity rated at 13 passengers.
2500 lbs. capacity rated at 16 passengers.

3. For general passenger mavement select larger capacity

elevatar. For higher rises (greater T distances), select
higher speed.

4. Structural support for hoisting machine, passenger car

and counterweight must be provided at X-X locations.

*5 As an Alternate Arrangement, machine room can be

located adjacent to the hoistway at the lower landing.
Elevator car can be overslung with a reduction in space
required above top landing served. Elevator car can be
underslung with a major reduction in space required
above top landing served but a deeper pit will be
required. If hoisting machine is located adjacent to
hoistway at lower landing, structural anchors will be
required to prevent machine uplift. Consult elevator
manufacturers for details.

6. Special provisions required if there is occupiable space
below elevator.

* See following page for illustration

KMS511-2

CONVENTIONAL ELECTRIC TRACTION

PASSENGER ELEVATOR
(One-to-one roping traction machine)
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CHARACTERISTICS:
1. Requires much less space above top 1. Requires less space abave top landing
landing than conventional electric than conventional electric traction
traction elevator. elevator.
2. Requires much greater pit depth than 2. Requires approx. same pit depth as
conventional electric traction elevator. conventional electric traction elevator.
3. Requires substantial machine found- 3. Requires substantial machine found-
ation to prevent uplift. ation to prevent uplift.
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FIGURE A-2. ALTERNATIVE ARRANGEMENTS - ELECTRIC TRACTION ELEVATORS



T
i
‘ NOTES:
1. Elevator car is raised and lowered by hydraulic jack
e« 5’9" ——> acting on channels underneath car platform.
(2500 Ibs. Cap.) . . .
2. Hydraulic jack extends a distance below center of pit
approximately equal to the distance between top and
bottom landing served by the elevator plus 3 feet.
14'+ 0.H.
3. Structural support for the weight of the passenger car,
TOP LANDING its rated load and weight of the hydraulic jack must be
provided at pit fevel.
HOISTWAY 4. Machine room may be located at alternate location
DOOR since connection of hydraulic pump and tank is by
piping. Piping run should be kept as short as practical.
5. See notes 1, 2, and 3 of sheet titled: Conventional
5 jr Electrical Passenger Elevator.
‘ HOISTWAY
T (LOCATION o
DEPENDENT) _m.]_)
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Y Y
> |
\ T
4:01: PlT
HYDRAULIC
JACK
S JACK
T+307% Lo WELL
-
KMS511-3

FIGURE A-3. CONVENTIONAL HYDRAULIC PASSENGER ELEVATOR
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NOTES:

1.

Elevator car is raised and lowered by
hydraulic jack located within and at
side of hoistway acting on top of
cantilevered car frame.

. Maximum distance between top and

bottom landings served is approximately
25 feet for telescoping hydraulic jacks
and considerably less for non-telescop-
ing jacks.

13' 0"
3. See notes 1, 2 and 3 of sheet titled:
Conventional Electric Passenger
Elevator and note 4 of sheet titled:
gglg ;WAY Conventional Hydraulic Passenger

Elevator

! TELESCOPING

L
24 N HOISTWAY
CANTILEVERED
CAR FRAME
T I )
(Location Dependent) ]ML
’ HYDRAULIC |MACHINE
PUMP ROOM
i ELEVATOR CAR AND (W/DOOR)
70 TANK
X y
‘ l \
40" BUFFERL 4 PIT

——

1L

FIGURE A-4.

KMS5114

HOLELESS HYDRAULIC PASSENGER ELEVATOR



TYPICAL INSTALLATION

NOTES:

1. Units are nominally driven by
hydraulic-scissors action depicted.

2. General design is for handicapped
use specifically although if deemed
useful could be used by mobility
impaired.

3. Structural support is not demanding
due to the low weight of the unit.
Pit preparation are required for
safety purposes.

KMS511-7

FIGURE A-5. VERTICAL WHEELCHAIR PLATFORM LIFT
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APPENDIX D

INDIVIDUALS INTERVIEWED

Jose-Philippe Lefebvre
President

Ebel s.p.r.l.

Parc Industriel

B-1430 Braine-le-Chateau
Belgium

Jean~Marie Gilles de Pelichy
Engineer, e.c.a.m.

Ebel s.p.r.1l.

Parc Industriel

B-1430 Braine-le-Chateau
Belgium

Robert Detilloux

Principal Inspector

Association des Industriels de Belgique (AIB)
Avenue Andre Drouart 27-29

B-1160 Brussels, Belgium

Albert L. Gerard
Senior Vice President
Ferro Corporation

One Erieview Plaza
Cleveland, Ohio 44114

(Chairman of Eurolift, US manufacturer)

D-1/D-2






APPENDIX E
REPORT OF NEW TECHNOLOGY

This report presents a comparison of elevator types, rationale
for selection of the screw column elevator as an appropriate low-
cost elevator for transit use, and a detailed description and
assessment of the screw column elevator. There is sufficient
technical information to allow the owners and operators of
transportation properties to assess the appropriateness of this
elevator for their system's needs and requirements. Complete
details have been presented which fully describe the elevator
mechanics, maintenance history, code and standards covering the

elevator, and costs.

345 copies
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