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MRL Lift Design and
Development »sbdl 5 aoadl

A firsthand account of the origins of the 38,8 g dbasdl aslaall adoV jolall ol
modern MRL aSk

by Hongliang Liang 2l pilleise 5

A technology breakthrough was announced in 1996: a
way to locate a gearless permanent-magnet (PM) motor
directly in the shaft to eliminate the machine room.
Though the PM motor were to be small, it would produce
high torque to directly drive the car and counterweight in
an RPM range of one to 1,000 {versus traditional
inductive-motor RPMs of one to 100). To obtain as great a
driving force (torque divided by radius) as possible, the
radius of the driving sheave would be as small as possible,
and the ratio of the roping would be as large as possible,
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Your author has studied machine-room-less (MRL) lift
technology since joining Quality Lift Products Ltd. (QLP)
as a product-development engineer in 2003. The company
had supplied MRL lifts to the UK. market since 2002. With
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1:1 cantilever roping, the design was expensive and poorly
engineered; nor was it good for capacity above 1000 kg,
as all the loads were taken by one wall on one side of the
shaft. In developing future products for QLP, 1 tried very
hard to change the roping to 2:1.

In 2004, I got a chance to do the conceptual MRL lift
design for the London Underground (LU) project engaged
by what this article will call “Company A,” which would
install approximately 120 lifts for the 2012 Olympic
Games. | submitted two 3D conceptual models to
Company A and LU, and one was accepted. The
competitor in the project will be called "Company B.” This
company had already been the supplier of all electric
equipment for that project. My design ultimately helped
QLP to be the supplier, providing all mechanical
equipment.

The reasons why LU wanted tailor-made MRL lifts are:
¢ These MRL lifts had to have through entrances, while

maost of the existing shalts in LU stations were wide but

shallow (in depth). A typical MRL lift with through
entrances was not possible to fit in the shalfts, as the
machine is mounted on

one of the car guide rails,

Figure 4 German patent DED217287UT,  nsgs DEO217287U1 aglt) plas] el 4 JS3
displaying a concept to increase the
torque without using a gearbox
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Relationship Between D/d and Rope Life
F=TIR 2

where F = driving lorce, T = torque, and ¥ = radius. One way Lo
have enough Funder a constant motor retary speed is o
make the radius of the driving sheave as small as possible.
However, the sheave diameter must be greater than 40 times
the rope diameter. Normally, in MEL lift design, the rope
diameter (d) selected is & mm (more specifically, 792 mm). The
sheave diameter (7] is 40 X d = T30 mm. I the rope diameter is
towy srnall, it will need o many ropes when under load. With
a pencil-style PM motor, [ has o be as small as possible,
which is why some MEL mamufacturers have to use the belts,
instead of ropes, to drive the lift car and countersreight. It is
important to note that Did should be at least 45; otherwise,
the ropes will wear very quickly — possibly reduced to less
than two years lor a very busy Lifi.
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Ideal Speed and Effectiveness

Az most PM motors are designed for 2:1 roping, assume
the speed of a lift (V) as 1 mfs, and [ = 320 mom. Then,
rotary spesd for 221 roping would be 240 rpm. i the
roping is 11, the speed is half that of 2:1 roping. PM
motors have wide speed ranges; ideal rotary speed may
be 400 rpm {for L6 myfs speed) or higher

M motor effectivensss at low speed cannot be very
higgty {should be less than 83E). Some product
advertizerments daimed effectivensss greater than 95%

— that is at ideal speed. For example, at L6 myjs, with 2:]
roping, the required ideal speed is 400 rpm]. At lower
speeds, such as 1 mjs, the lost energy will be converted
into heat. As the rare earth magnet is rather sensitive to
owerheating, the motor is prevented from working very
Irequently {ex., as it would in a high risel If the motor
overheats, when temperature is greater than 150°C, it
may temporarily lose magnetism; if it overheals too
seriously (eq.. at 370-400Cshort circuits), it may
permanently lose magnetism. This is why most PB motor
installations must include ventilation fans.
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Acceleration

Without a gearbox — which is a torque amplifier,
rather than a speed reducer — the PM motor’s
acceleration factor is much Jower than that of a geared
machine, which is normally a = 0.5 m/s”. When your
author designed the two-floors MRL lifts for a project, the
client initially specified 1.6 m/s speed. 1 did a calculation
and showed the results to the dient to prove that 256 m
is the minimum distance to get to the hull speed (V=a X
I, T=Vja=16/05=32s, H=05X a X I* = 256 m). If the
floor height is shorter than 5.12 m (256 m X 2), the car will
never reach full speed. This higher speed could only save
a lew seconds over a speed of 1 mjs, yet require the whole
system to be designed to suit the higher speed. This
would increase the total cost by at least 40% Furthermore,
as the PM motor would mostly work at a speed below L6
mfs, energy effectiveness would be poor.

Car Weight

When a torque is applied to a body, the angular
acceleration () is given by ¢ = T/I. @ depends not only
on the torgue (T ), but also on the moment of inertia {I) of
the body about the given axis, which is determined by
using the equation. When T is fixed, to have greater
acceleration, the moment of inertia ol the driving-wheel
assembly must be kept as small as possible. As a result,
the MRI.lift car should be lightweight (e.g., for a typical
MRL lift with a capacity of 1000 kg. the car weight should
be 790-1,150 kg). Sometimes, even aluminium cars are
used to reduce their weight for reasonable acceleration.

Roping Ratlo
Most MRL lifts use 2:1 roping. Benefits are:

¢ To reduce the number of ropes by half

¢ To easily increase the torque by twice at starting and
low speeds

¢ A S0% reduction in size with the same lifting capacty

¢ ALl motor is more than 40% more expensive than a 2:1
molor.

¢ @I roping is not economical for capadities greater
than 630 kqg.

Speed

PM motors have a wide variable speed range, so the
rated power should also be vanable. It would be OK to use
the same type of PM motors for lifts at dilferent speeds.
For example, the same PM motor could be used for MRL
lift configurations of 630 kg at 1 m/s and 630 kg at 1.6 m/s.

Integrated Lift Car With Underslung Diverters

New car design concepts for MRL lifts include building
the car sling with car panels together with underslung
diverters to have less on the cartop. Note that a 700-mm
cartop balustrade is required when the gap between the
car panel and side wall is less than 500 mm; if the gap is
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greater than 500 mm, the balustrade
height must be 1100 mm.

High-Speed MRL Lifts

MRIL lifts are not suitable lor high-rise
buildings. First, as the roping ratio is 2:1,
when the rated speed is greater than 3
mys, rope speed will be greater than 6
mys, which is too fast for the whole
system. Second, due to the length ol
ropes and compensation chainfropes,
the mass of the whole driving sheave
assembly is much bigger than low-speed
MRL lifts. To have acceptable
acceleration, the PM motor would have
to be very large. As a result, the lift shaft
would not be able to accommodate the
machine.

MRL Lift UCM Protection

PMs are installed in the rotors of PM
motors to provide a pernmanent
magnetic field, so it is not necessary to
induce high current rotor for the motor
to run. If connecting the main
contactors normally closed terminals to

a set of resistors, if the brakes fail when  Figure 16: Exercize 1- An MRL lift with
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a resistant torque against it to considerably slow it. This
elfect can be regarded as unintended car movement
(UCM) protection when the brakes fail or under a
misoperation (e.q., a real accident in which a service
engineer remotely released the brakes, which resulted in
the lift car crashing into the headroom, seriously
damaging the lift car and counterweight buffer).

Patents

Criteria for patents in the UK. are that the idea must
not be previously disclosed, must have an inventive step
and must be an industrial application. These have a
20-year lilespan. As rules can be complicated and vary
from country to country, those seeking them should get
professional advice (e.g., a patent agent). Abstract
concepts such as the following are not patentable in the
UK.:
¢ Scientific theories
¢ Presentations of information
¢ Computer programs
¢ Methods of diagnosis
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Detailed Design

Your anthor joined Company B in June
2008, T was required vo prodoce
manufacturing drawings for an S00-kg
MEL lift, which was based on an existing
630-kg MEL lift design in 20 with 1:1
roping. | ook this chance o convert the
G30-keg Lift from 20 drawings o a 30
maodel. | was able to do this over only the
course of a month, as [ fully understood
the principle of the previows design.
Additonally, I found that the following
objectives could be achieved:

# Improvements in safety

# Headroom reduction of 700 mm

# Fewer ropes and half the forces loaded
on the gear] diverter wheels

+ Reductions in materials and
manufacturing costs

Major Challenges Faced

Most lift components are made from
sheet-metal with a minimum tolerance of

Fi 17: Enercise - An MEL lift with
+0.5mm. As the lift is installed ina shaft 00 10 ST

with a tolerance of £25 mm, the

components are easy to design and
manufacture. Regarding engineering
principle, your author mainly followed
EN BI-1 Safety Rules for Construction and Installmtion of Lifts.
The new lift must be 2:1, as many layouts with 221 roping
had been registered as patents in Europe. Therefore,
avoidance of infringing upon the patents was your author's
greatest challenge.

Process and Investigation

Your anthor's 20 model enabled all problems in the
existing design 1o be found very quickly. Not only did the
design have salety issues, it also required 700 mm more
headroom than most other makes. Most existing lift shafts
had limited headrooms (approccimately 2 800-3,500 mm)],
wehich is why MEL lifts have been in great demand for full
replacement of lifts in existing buildings.

Top Clearance

Assuming the distance between the counterweight and
its buffers is 200 mm, and compression is 170 mm (as
minimum), four conditions must be satished when the
counterweight rests on its ully compressad bulfers:

+ The guided travel of the car, still possible in the upward
direction, must be equal to or greater than the
minimum travel, given by the formula 0.1 + 0,035V m),
where V is the rated speed [mys).

+ The iree height above the roof of the car enclosure must
be at least 1 + 0005 fm)
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#+ The iree distance betweeen the lowest part of the ceiling
of the hoistway and the highest part of the guide shees
of rope attachments and any part of a vertical sliding
door must be at least 0.1 + 0L035Vm). Also, the distance
between the lowest part of the ceiling and the highest
part of any other equipment fixed on the car rool must
be at least (0.3 + 003582 {mj).

# There should be sulficient space above the car to
accommaodate a prism block with minimum dimensions
05 X 06 X (L8 m resting on one of its laces. With
direct-roping elevators, the suspension ropes and their
altachments may be included in this space, provided
that the distance between the rope centerline and at
least one vertical face of the block does not exceed 150
TTm.

# Similarly, when the car rests on its full compressed
bulfers, the quided travel of the counterseeight, which is
=till possible in the upward direction, must be at least 0U1
+ LSV m).

Pit Depth
Assuming the distance betweeen car and its buffers is 50

o, and compression is 170 mm (a5 minimwm], the

following conditions must be satisfied when the car rests

om its fully compressed buffers:

# There must be sufficient space in the pit o
accommaodate a prism block of the dimensions with
minimum dimensions 05 X 006 X 08 m resting on one
of its faces.

* The clear distance betwesn the bottom of the pit and [a)
the lowest part of the guide shoes, safety-gear blocks,
toe guides or any part of the vertical sliding doors must
be at least 0.1 m. [b) The lowest part of the can, except
for items detailed in (a), must be at least (L5 m.

+ The iree vertical distance between the top of the
components fixed in the pit, such as a tensioning device
for compensation ropes, and the lowest part of the car,
except for components detailed in (a) (one buller above)
must be at least 023 mi.
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Existing Design (1:1) New Deslgn (2:1)
(1:1) Sl puoaas!) L (1:2) et genal)
Minhnum Headrooimn 4.36 m (minimum) 369 m
4By ol il a ggia Bob sl i pliy) IS (51 J5) fo 4.36 p 3.69
Minhmum Pit 1557 m L557 m
Al Byl Gar JEI fe 1557 | p 1.557
Number of Ropes 10 | a4k
b=l 2ap
size of Motor A 60% of A
k) e | A%
Motor Cost B | 6% ol B
) 43183 B e % 60
Forces and Loads on Gears C 5% of C
plaih e o5l Sl g 50BN | Co=%50

200 gi M s B - EwE e barwordmickileeastoom 123



Expected Outcomes

Other Models

Your author also produced two other models for
Company B, which were similar to the lift I designed for
the LU project in 2004, ([ also saw a similar design in
Sydney, Australia, in January 200). Since these were not
adopted, they are allowed to be published as my personal
exercises (Figures 16 and 17)

Lessons

Your author learned many solutions for MEL Lift design
when working at a multinational corporation. This design
can be extrapolated in the ollowing ways:

#+ The diverter wheels can be hung underneath the
supporting beams.
#+ The carsling height can be further reduced by 200 mm;

minimum headroom can be changed to 3500 mm.

# Fit depth can be reduced to 1.350 m.
# Djd should be at least 45

Contributions to the Project

Your author did the following in working on the project:

# Owerruled the existing design, which had many
concealed salery problems

#+ Considerably reduced costs and manufacturing
compexity

# Satup a powerful 20 computer-aided-design system for
the comipany

#* Improved design capability from bespoke MEL Lifts
having a maximum capacity of 800 kg to a whaole series
af lifts with higher maximum capacities reacy for
mass-manuiaciuring.

Conclusions

The following conclusions can be dawn:

* MEL lift design is based on the PM motor; it is
imperative to select the right one. The molor serves as
the first consideration in the design.

# The size of the PM motor is determined by applied

torgue, rather than power.

A roping ratio of 2:1is always better than 1:L

* Compared to a pendl-style conventional PM molor, &
discfflat PM motor is always the first choice for MEL lift
desigr.

+ Top drive is always better than bottom drive: the ropes
in a bottom-drive system are required to be oo long
with oo many diverters, which considerably shorten
rovpe lile

#+ 1 mfs should be the maximum speed lor an MEL lift;
otherwise, the rope speed is too asL

+ Maximum travel height for an MEL lift should be less
than 120 m; otherwise, the PM motor can easily overheat
due to frequent stops{starts. Orders for lifts that muoast

-

124 ELEVATOR WORLD Middle East - 4th Quarter 2070 -

asd gzt gl

S ok

bﬁﬁiﬂ,ﬂdﬁ}iﬂm}T&q—h&iMJﬂl T
Ladl ) 2004 Ziw paet Zlisl 93 dososs o5 SN 1 dmaaall Jpgdiid
ps: b oo 502020 L & LNAL] Wi § dlia et Cuaals
L7 516 55 ) deafelll 4 lonS Lot 25 prga sl pnd lagaladic]

el

aSlo dbyi 34y arlall goswad) 005 Jolo JEL SIS ples
G Belyiza) 35§ ool i ol tnll Baeea o503 S dlac (L3
-l &,k

odeasall o8 Jid  gleell Sl St oSg

JB1 puts spa 200 Bl g arnlS HolE plisy) pcls Babliy oSg #

foa 3500 o) aily el sl ks gz a 3o A ) plisg)

= 1350 ) AN Ges (LUES S

LI e 45 5585 3] ase D0 #
£y rabl 3 JIEY 5 Slalus

:Eg.r‘.l,l.j d__.J'l:.ﬂ.\_]L._;';]‘L JIEL nT._m“IS,IlI.i

et BiTed B8 Blia d 5E G Golall puo sl 2l #
ol

Rt audey g Ml o @S s ) JIE #

oS50 ke M SN pn s plESS - (SpengSH Bichg — o] 4

ol goes aiSla 20 340 dslana s desce ool Bydll oS #
Gyl CMgaze dclall o dlule J] o5 800 Gauoill lglyac 5583
oty gl g3ale- el
Aot

sl gl prlazad Sg

il dhoes Jo dazms aiSle 3008 O arlall ponai ®
el g okl pos nlill dhadl jls] geloll e i dliell
.,iu._.u:.lfdgl;ﬂl

el 3 il e A boligl] wla Hil) poe syaes gz #
Ayadll

A2l pa Lo bl 12 gbech A #

ot o8 bl Bzt ae blial) pils ooce e asylELL 4
e Ja¥ Loi W [l s paa Vo 53 s dowblisel] il
diSla dd G3 dan fuads

& ot 2 i e Gulel e bl Lits g Sl ga Gl #
oyl 3353 s i alsgls 3655 G woaliall e Jid e Bl pliss
deoll yas § Egoda LUE § oSl 8005 does

5 125l 06 (9 dstal, de g gl 585 ol L S p 3 4
diz adle Jlodl de e a8z Y]

oo B eSO camo 251 302 3ay aslasll ol Bl
sy gt Ao dplitrl] @il ool Bylper dorya misaie M) 3:p 120
poies Gl it M dslinall ezl pulyl aSmdl ets | iBigill 41,55
arSle Bbpd (3as selos o (53295 ¥ Ol g dlagh Cilzal lgless
£ 100 a2l Job jaloess Lasze

run for a long time should not be filled with MEL lifis
when total travel excesds 100 m.

# The MEL lift is a light-cluty product and should not be
recoimmended for heavy-duty purposes, such as for
pubilic howsing, multistory parking garages or railway
slations. If there is a spedal need, higherpower-rated
MEL units should be employed so more car weight can
be alloweed, making the lift car more robust (eg., an
B00-kg-capacity standarnd MREL lift modified as a 630-kog-
capacity MRL lift with a heavy, robust car).

+ The MEL lift was first launched in 199 These patents
should have expired by end of 2006, =0 some ideas of
MEL lift design can be used [or any project. Should
usage questions arise, it is recommended o consult a
patent agent to confirm

# Nowadays, PM motors, instead of AC geared machines
or DC gearless machines, are widely used in machine-
room-above lifts. As | have experienced some tender
submissions that used MEL lift solutions for machine-
reom-above lifts 1o reduce cost o a minimam,
particular attention must be paid to those “=mall
machine room” lifts for mid-rise buildings. Simply
maowing the machine of an MEL lift out of the shalt to
the machine room to build a machine-room-above lift is
not acceptable, espedally for office buildings, for which
the roping ratio of the machine-room-above lifts showld
be 11, rather than 2:1. This is because a machine-room-
abowve lift machine would have larger wlerance, better
reliability and longer rope lilespan at 121, as opposed o
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Thee top clearance and the pit depth in this article was
compliant with ENE1-1:1908 (as the design was done in E‘."lru
20020009, Pelzhong Ma. “The Key Solotion of MEL Design,” 1]
ﬂeferem::ﬂs .China Elevator, 2002, 13(5) p. 7-10
[1] Pelzhong Ma. “The Key Solution of MRL Deskgn,” Ching Elevolor, Lubomir Janovsky. Elevator Mechanical Design, 3rd 2]
2002, [Edition

T35): p. 710,

(2] Lubomir Ja iy, Elevator Machanicn] Design, rd Edition. Eurspean MEL I patents |3]

%] European MREL it patents

Hongliang Liamg, M5c, CEng, MOIMSE, is director for
Aliang Lift Design Studio Lyd. in London. Priar to this, he
mezst recently worked at Movve Lift Consultants Ltd.
since June 2014. There, he modified the company’s
traction lift pit load caloulation tool to create one for MEL
lift reaction boads. This provided the worst-case caloulation
fior all MBL lifts, except cantilevered ones. He began
studying MRL lift technology upon entering the induestry
at Cueality Lift Products Lid. as a product-development
enginear in 2003.
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