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by George W. Gibson

Learning Objectives

After reading this article, you should:
Have developed a basic understanding
of the characteristics of Type B safeties
Have developed a basic understanding
of the general theory and practice,
design and A17/B44 Safety Code for
Elevators and Escalators compliance of
Type B flexible guide clamp safety
stopping

Have developed a basic understanding
of the methods of field testing Type B
flexible guide clamp safeties with the
driving machine stopped, and with the
driving machine running

Have developed a basic understanding
of the operational steps of the
mechanical and electromechanical
systems, which cause time response
delays in governor and safety
application

Have developed a basic understanding
of the incremental speed increases
during the governor and safety
activation process

Have developed a basic understanding
that the available traction, or tractive
effort, between the drive sheave
grooves and suspension means affects
the retardation of the Type B safety
stopping performance

Have developed a basic understanding
of the effects of and methodology
behind potential “minimum assistance”

4 Have developed a basic understanding

of the combination safety and machine
braking in stopping the elevator

Have developed a basic understanding
that, in most cases, the braking system
takes longer to activate than the safety
stopping time duration

Have developed a basic understanding
that, in the rare case when the braking
system applies while the car is still
being retarded by the safeties, the
brake will only provide minor
assistance in stopping the car, because
most of the retardation is provided by
the safeties

The complexity of Type B safety
stopping is discussed comprehensively
in this article for a contemporary
audience. The history, theory and
practice, design and A17/B44 Safety
Code for Elevators and Escalators
compliance and testing of Type B
flexible guide clamp safeties will be
reviewed. The term “Type B” is the
North American descriptor; the term
“progressive” is the term used where
the European EN 81 family of codes is
adopted.

The formulation and presentation
of the relevant formulae and equations
are necessary due to the complexity of
the subject matter which deals with
the elevator system motions., i.e.,
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system dynamics. However, the commentary in both parts of this
article is complete, and non-engineers will not be disadvantaged
by the inclusion of the mathematics.

Originally written in relation to the binational A17/B44-2013
code," which was in effect at the time of A17 Standards
Committee reconsideration of A17 Interpretation 01-60,
references to the A17/B44-2016 code! are included to relate the
contents of this article to the latest A17/B44 code. The following
points will be presented for the benefit of engineers, designers,
consultants, inspectors, mechanics, safety code professionals,
manufacturers, maintenance providers, specialty contractors, users
and testing entities:
¢ Type B FGC safeties
4 Reconsideration of A17 Interpretation 01-60, which addresses

combination safety stop and e-stop, i.e., a combination safety

stop, emergency electrical stop, and machine brake stop

4 A17 rule history relating to concurrent safety stopping and
elevator system braking at an e-stop caused by the opening of
an electrical protective device

4 Technical points relating to safety stopping with the suspension
means intact

4 Technical points relating to safety stopping performance in the
freefall condition where the suspension system has failed will be
covered in Part Two.

4 Contemporary review of A17 Interpretation 86-2" covering
freefall safety stopping performance, originally issued three
decades ago, will be reviewed in Part Two.

Depending upon
the year in which a
technical parameter
would have been
referred toin a
specific edition of
the A17 or A17/B44
code, the
dimensional system
of units might be
Imperial or
expressed in the SI
system.>%1In a
later section, this
article refers to
both dimensional
systems of

Figure 1: Type B (FGC) Safety: Otis Model 14D-B

measurement, and
the conversions
from one system to
the other is
explained in more
detail in Part Two
to aid the reader in
converting the
variables in various
equations from one

Figure 2: Type B (FGC) Safety: thyssenkrupp Elevator system to the other.

Model 63200
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The author will attempt to present equations in both dimensional
systems. Abbreviations, acronyms and notations used are defined
in the last two sections of this article. Bibliographical references
are given in the last section.

Type B Flexible Guide Clamp Safeties

The evolution of high-speed safeties resulted in the
development of the flexible guide clamp (FGC) safety!* in the
1920s. A17/B44' Requirement 2.17.5.2 indicates the essential
safety characteristics of Type B safeties as functioning with a
reasonably constant and uniform retarding force and providing
stopping distances related to the mass being stopped and the speed
at which safety application is initiated.

The main characteristics of the Type B (FGC) safeties are:
Governor operated

Dual wedges per assembly

All wedges apply equally.

Self applying after governor pull

Factory-calibrated and preset safety springs

(helical or U-springs)

Quick applying to full retarding force

Constant average safety retardation during slide

4 Auto resettable (later versions) by lifting car, where the

“self-resetting” feature was recognized per A17 definition

Both examples of contemporary lever style, Type B FGC
safeties are shown in Figures 1 and 2. The designs utilize the helical
spring and lever arms to magnify the mechanical advantage to
achieve an average constant retardation. The Otis Model 14D-B
FGC safety is based on the David Lindquist," Fred Hymans™” and
Benjamin Thorne!! patents.

A17/B44 Field Acceptance Safety Test

With minor exception, most enforcing authorities in North
America conduct stopping performance tests of Type B safeties in
accordance with the A17/B44 code. The comparison of the
essential safety parameters for the field acceptance test and
Category 5 test with load is shown in Table 1.

* & S o
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Reconsideration of A17 Interpretation 01-60

A17 Interpretation 01-60," approved by the A17 Standards
Committee on January 9, 2002, affirmed that the driving machine
brake is permitted to assist in stopping the car during a safety test
but did not quantify the “minimum assistance” provided by the
driving machine. In response to a contemporary inquiry in 2013
that A17 Interpretation 01-60 be reconsidered, the A17 Standards
Committee reaffirmed A17 Interpretation 01-60!° on January 15,
2014, noting that there was no conflict between A17
Interpretations 86-2' ¢ and 01-60.5

Current ASME procedures no longer provide for a Technical
Working Committee to have the intent or rationale for
interpretations published as part of the interpretation.
Notwithstanding, it is such an important interpretation that this
article is presented to explain and memorialize the technical issues
involved. The rationale for the reaffirmed A17 Interpretation 01-60
is given below as prepared by the author for the A17 Mechanical
Design Committee™ and A17 Standards Committee.[
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Acceptance Test

(Rated Load and Governor Overspeed Test)

Periodic Test With Load
(Rated Load and Rated Speed Test)

A17/B441" Regmt.

A17/B441" Regqmt.

Accelto Vs

A17.2 ltem 2.29.3(b)

Parameter Acceptance A17.209 tem Category & A17.209 tem
Suspension Ropes | Attached 8.10.2.2.2(ii)(4)(a) Attached 8.10.2.2.2(ii)(4)(a)
Loadin G 8.10.2.2.2(i)(1)(a) Rated 8.6.4.20.1(a)

oad in Car Rated (k__, =1.
(sar =10) A17.2 Item 2.29.3(b) (ksgr =1.0) A17.2 Item 2.29.2(e)(1)

. 8.10.2.2.2(ii)(1)(b) 8.6.4.20.1(a)
Governor Tripping Tachometer' Tachometer'
Speed Verification A17.2 ltem 2.13.3.1(b) A17.2 Item 2.13.2.1(b)(2)

' i A17.2 Item 2.13.2.1(b)(3)(c)

Speed Increase 8.10.2.2.2(ii)(4)(a) 8.6.4.20.1(a)
Gradient Gradual Normal by control

system

A17.2 Item 2.29.2(e)(4)

Governor Tripping
Method

Automatic’ @ Vgts

8.10.2.2.2(ii)(4)(a)

A17.2 ltem 2.29.3(b)

Manual trip

8.6.4.20.1(a)

A17.2 Item 2.29.2(e)(4)

Srmin < S <Smax

A17.2 ltem 2.29.3(b)

Safety Activation Vsaf =Vgts 8.10.2.2.2(i)(4)(a) Veat =Vatsmy =V 8.6.4.20.1(a)
Speed, v as calibrated A17.2 Item 2.29.3(b) A17.2 ltem 2.29.2(e)(4)
60S & SOS 21773821842 608 jumped ot
Overabilit Conformance test SOS Operational 8.6.4.20.2
perability 8.10.2.2.2(i)(1)(d) P
, ] _ 8.6.4.20.1(a)
GOS Status Inoperative 8.10.2.2.2(ii)(4)(b) Ineffective®
A17.2 ltem 2.29.2(e)(1)
21773
8.10.2.2.2(ii)(1)(d) 864202
- i U221
Saf_ety 30 perating Functional® — Functional®
Switch?® Status 8.10.2.2.2(ii)(4)(b)
A17.2 ltem 2.29.2(e)(2)
A17.2 ltem 2.29.3(b)
2.17.3 & Table 2.17.3 8.6.4.20.1(a)(1)
»;\:i:)wail:lensi::::‘vce Based on govemor tripping | 826 Zatzzdsoged A17.2 ltem 2.29.2()(8)
pping * | speed, Vgts 8.10.2.2.2(ii)(4)(c) P A17.2 Item 2.29.2(f)(6)
v

Vsaf =Vgtsmv =

A17.2 Table 2.29.2(b)

' Tachometer or other speed-monitoring device.

2 Where AC machine motors preclude overspeeding at Ygts , the governor shall be manually tripped.

% Safety operating-switch (SOS) is the switch operated on the car by the safety-operating mechanism. The functioning of this
switch affects the safety stopping distance (A17.2 Item 2.29.2(e)(2)).
*A17/B44 Rules 8.6.1.7 and 8.11.1.3 require that the periodic test frequency be established by the AHJ. A17/B44 Rule 8.6.4.20
NOTE and A17/B44 Non-Mandatory Appendix N, Table N-1, recommend an interval of 60 months, which corresponds to the
traditional five-year full-load safety tests codified in predecessor A17.1 editions.
5 While A17.2 Item 2.29.2(e)(1) specifies, “Jump out any governor switches, or any part of the safety circuit, that will prevent a full
setting of the safety,” the GOS is ineffective, since its tripping speed is higher than the manual governor tripping speed.

Table 1: Summary of essential safety parameters for acceptance and Category 5 safety tests

The unequivocal reaffirmation of A17 Interpretation 01-601 &
is based on the following technical points:

1) The technical requirement for the operability of the driving
machine brake during the overspeed acceptance safety tests
has withstood the test of time since the A17.1-1955 code!® up
through the present time for sound technical reasons.

2) Removal of driving machine power and machine braking at
the end of the safety stopping cycle minimizes the potential for

counterweight jump and slack hoist ropes, both of which are
caused by the tractive effort of a powered drive sheave during
the safety test (Figure 4). Both of these negative effects have
been clearly stated in the relevant A17.1 rule since 1955.

3) The potential “minimum assistance” afforded by the driving

machine brake on the safety stopping performance is

nonexistent at low safety application speeds, since the total

electrical, electromechanical and mechanical response time for

Continued
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the safety circuit to open, apply the brake and reach full braking

torque exceeds the safety stopping time.
4) The driving machine brake torque is limited by the technical

parameters established by A17/B44-2013 Requirement 2.24.8.2.
Notwithstanding, its effect in retarding the car is limited by the
drive sheave available traction. Simply stated, if the braking was

extremely hard and abrupt, the hoist ropes would lose traction
and slip in their drive sheave grooves.

5) For the car speeds where the brake applies its retarding torque
after the safety retardation has been underway, the car speed
will have been greatly reduced by the safety on its own (Figure
5), and its sequential contribution is minimal as compared to
the retardation provided by the safety.

6) While not accounted for in the formulation of A17 rules, it has
been well known and understood that, once governor tripping

speed (GTS) has been reached, the car continues to accelerate,

while the mechanical operating clearances in the safety parts
have been taken up, resulting in the safety application speed
exceeding governor tripping speed. Unassisted by the machine

brake, these higher application speeds are successfully absorbed
by the safety on its own, prior to the deployment of the machine

brake, caused by opening the SOS.
7) There is no conflict between A17 Interpretation 86-2 and A17
Interpretation 01-60, since:

¢ Interpretation 86-2!" (discussed in Part Two) addressed freefall

safety stopping protection in the case of suspension failure,

where stopping is accomplished by the Type B safety and pit oil

buffer, as a combination stop, where needed.

4 Interpretation 01-60' addressed the acceptance testing
methodology for safety stopping accompanied by machine
braking assistance where the suspension system is intact.

In the following sections, several historical and technical points
are made in support of the operability of the driving machine brake

during the safety tests.

A17 Rule History

elevator driving machine and to minimize the development of slack
rope and fall-back of the counterweight, the switch on the car
operated by the car safety mechanism shall, for the duration of the
test, be temporarily adjusted to open as close as possible to the
position at which the car safety mechanism is in the fully applied
position.”
A17.1/B44 - 2016"""Requirement 8.10.2.2.2(ii)(4)(b) states:
“...In order to ensure that the safety will retard the car with the
minimum assistance from the elevator driving machine and
minimize the development of slack rope and fallback of the
counterweight, the switch on the car operated by the car safety
mechanism shall, for the duration of the test, be temporarily
adjusted to open as close as possible to the position at which the car
safety mechanism is in the fully applied position.”

Technical Points

1) Since the driving machine brake, electrically assisted braking

and emergency brakes are all individually activated by the
governor overspeed switch (GOS), followed by the safety
operating switch (SOS), prior to the safeties applying

their retarding force, it is highly improbable that the two
independent triggers, i.e., GOS and SOS, would both be
inoperative simultaneously unless the elevator had no
maintenance. A fundamental premise is that the GOS and
SOS will always function reliably to remove electrical power
from the driving machine motor and brake(s), so that a safety
application always occurs concurrently with the activation of an
e-stop.

2) A traction elevator could go into overspeed due to one or more

failures, thereby triggering a mechanical safety stop activated
by the overspeed governor. Notwithstanding, the historical
rationale for requiring the SOS to remain operational during the
safety test, albeit opening the safety circuit, causing an e-stop
and releasing the driving machine brake at the point when the
safety wedges have reached their fully applied position was

The operability of the driving Type B Safety Application
machine brake during an overspeed North American Acceptance Test
safety acceptance test was thoroughly Methods
discussed and debated at the A17 ] A17/B44 )
Mechanical Safety Devices & Machine | Type of Stop Item s::::::fr ) Combination g:f"e}c 13{13,44 32;'3&,
Design Committee (A17 MSD & MD) Retardeion | G et | Test Elevator
Committee Meetings, October 10, . . Operation
951l 1516195, the Gostwnmie | S0t
consensus findings were codified in
the A17.1-1955 code. Notwithstanding | Safety stop Safeties F 8gar . . .
two minor editorial changes, the
technical requirements for the Driving machine brake Tomk . .
operational status of the safety
operating switch (SOS) during the E-stop E:zg:;a”y assisted T Fo-stop . .
safety overspeed test have remained
constant since 1955 up through the Emergency brake T, . .

latest A17.1/B44-2016 code.
A17.1-1955% Rule 900.2d2 stated:
“...In order to assure that the
safety will retard the car with the

' See A17/B441" Requirement 8.10.2.2.2(ii)(4)(b).

2 A small minority of AHJs require that both the GOS and SOS be jumped out.

3 The operational SOS will open during the safety stopping, initiating an e-stop which will occur slightly after safety retardation is
underway but while the car is still in motion.

minimum assistance from the
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Table 2: Systems providing retardation during safety application
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formulated by the A17 MSD & MD Committee and is based

on several important considerations, which were persuasive

in adopting the requirements first embodied in A17.1-1955
Rule 900.2d2. For purposes of field safety tests for regulatory
purposes, the code writers have always agreed to make the GOS
inoperative to simulate the single failure during the test but
allow an operational SOS, albeit relocated to open at the point
where the safety wedges were drawn into their fully applied
position.

3) The operability of all the speed-retarding systems involved in a
combination safety and e-stop are summarized in Table 2.

4) The available traction afforded by a powered drive sheave
increases the counterweight jump and potential for slackening
the hoist ropes above the counterweight. Making the field test
while the machine continued to drive would cause slackening
of the hoist ropes, which sets up unnecessarily severe stresses
in the driving machine, hoist ropes and fastenings when the
counterweight falls back.

5) If the SOS remained inoperative during the safety stop, the
drive sheave available traction acts in the same direction of the
car descending motion and functions to cause counterweight
jump and slack hoist ropes above the counterweight (Figure
4). The residual traction due to the weight of the ropes would
increase the stopping distance of the ascending counterweight
far beyond its gravity stopping distance.

6) Removal of driving machine power and machine braking
at the end of the stopping cycle minimizes the potential for
counterweight jump and slack hoist ropes, both of which are
caused by the tractive effort of a powered drive sheave.

7) When the SOS opens during a safety stop, the drive sheave
available traction acts in the opposite direction of the car
descending motion and functions to minimize the potential for
counterweight jump (Figure 3).

8) The validity for conducting a safety test that occurs
concurrently with an e-stop is that this is exactly the real-world
occurrence that would take place if the safety were to apply
with the elevator in regular service.
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Figure 3: Traction minimizes counterweight jump (A17/B44
test method).
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Figure 4: Traction lifts counterweight (non-A17/B44 test
method).

Equations of System Motion

1) A17/B44 Test Method

The A17/B44 test method is described in the A17.2 Guide for
Inspection.> ¥ The general equation for the retardation of the
elevator system at combination safety application and e-stop,
shown in Figure 3, expressed in SI units, applicable to either 1:1 or
2:1 roping, is found from the D’Alembert Method of Analysis and
verified by the Hymans Equivalent System as shown below in
Equation 1. The general equation is applicable to any vertical
location of the car in the hoistway.

( \ )
aLmW+’%J+{lg—:—{mc+kwm‘_+mrcy+’%J]fnmRH(ay+y71)+ch(a—ay—y)

Bcomb =

1 1
{122, 2+ 2|+ Y 2+ 2| Py -y 1) (- +)
(Equation 1)

2) Non-A17/B44 Test Method

When the SOS is inoperative during the safety test, the available
traction functions to cause counterweight jump and slack hoist
ropes above the counterweight (Figure 4). The general equation
for the retardation of the elevator system, expressed in SI units,
applicable to either 1:1 or 2:1 roping, is found from the D’Alembert
Method of Analysis and verified by the Hymans Equivalent System,
as shown below in Equation 2. The general equation is applicable
to any vertical location of the car in the hoistway.

[’"w *mzd]“’[g’[’"c*ksa/’”L*’"rcy"mzdﬂ*"’"RH(y’“"”y)*’"Rc(1’y"’y)

Asaf = 9
1
[mw+n21dmdo»z Mg+ 2 My |+ Mg + Ky +Mpcy + Zg Mo+ 2,m,

1 2
wsMws + 5 ZresMres osMes ™ 5 Zres rcs)”' Mgy (v +a~ay)+mec (1-y +ay)

(Equation 2)

3) Simplification of Equations

Since the masses of the suspension means, traveling cables and
compensation, if used, rotational inertia of multiplying or
compensating sheaves, are considerably less than the masses of the
car, rated load and counterweight, i.e., they can be neglected as
terms of lower orders of magnitude without compromising the

accuracy of analysis. A further point in support of this (Equation 3)
Continued
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Safety Test Method Parameter Equations (1:1 or 2:1 Roping) Th? .effe.Ct of th? drl.vmg maChme' bra}{e
capability in contributing to a combination
F K safety and brake stop is limited by the available
+0”"w—(’"c+ same) L. .
Retardation Bcomb = g g (Equation’5) traction in the drive sheave grooves through
AIBa amyy + (mC +ksame) which all mechanical braking must be
transmitted. By comparison, the limiting
Retarding retardation value that can be sustained by the
(braking) F = k - (Equation 6)
force (7 + sarm. )Xo + coms )~ i 0~ 2com ) available traction is approximately:
myy +a[F —(mC +k fm,_)} a,<0.25g (Equation9)
Retardation g sa ' a~- =
agaf = (Equation 7)
my, +a (mc +kgapmy )
Non A17/B44 The range of allowable average retardations
Retarding permitted by A17¥%* and A17/B4410 %! for
(braking) F = (mg +ksarmp Xg+8sar ) %(g ~aggr)  (Equation8) Type B FGC safeties with constant retarding
force force is usually expressed by the approximate
Notes: relationship
1) Interpretation 86-2 is based on rated load in the car, i.e., k_, = 1.0.
2) For the general case of any variable load in the car, km), substitute k = k_.in the above equations. 0.35g<a<1.0g (Equation 10).

Table 3: Summary of safety stopping retardations and retarding (braking) forces

(MRH MR Mre Mshys ) < (Me.mLmy ) (Equation3)

simplification is that the safety tests are conducted near the
approximate mid height of the hoistway, where the effects of the
suspension, compensation, if used, and traveling cables tend to
offset their effects. It is noted that the elasticity of the suspension
ropes has a very minor effect on system retardation, but its effect is
more pronounced once the car has stopped, and the elasticity of
the ropes causes the car to oscillate until the stored energy in the
ropes dissipates. A further simplification results from using 1:1
roped systems so that:

n=1 (Equation 4)

4) Retardations and Safety Retarding (Braking) Forces

Substituting Equations 3 and 4 into Equations 1 and 2,
respectively, yields the equations shown for the retardation and
safety retarding (braking) force in Table 3.

Driving Machine Braking

While “minimum assistance” to overall safety stopping might
accrue to the driving machine brake capability, its minimal
contribution is offset by the increase in car speed from governor
tripping speed to the speed at which the

However, the equations established in the
A17-1931 code edition, up through the
current A17/B44 code, are based on the
following equations, the last term in which represents the safety
wedge height, as applicable:

2
B Vgts

min ~ Jw
2Qmax9 (Equation 11)

2
Vv
_9s . h

M 2Quing " (Equation 12)

where the values from the current A17/B44 code are given in Table
4.

The allowable safety stopping distances based on Equations 11
and 12 are illustrated in Figure 5. A17/B44!") Requirement 2.17.3
references A17/B44 Section 8.2.6, Table 2.17.3 and Figure 8.2.6. In
writing this article, the author noticed that Figure 8.2.6’s ordinate
axis incorrectly refers to rated speed, whereas it should pertain to
governor tripping speed. Excluding the wedge height allowance in
the A17/B44 safety stopping distance equations, the allowable
retardation range for safety stopping with full load in the car is:

Quing < gar < Qg9 (Equation 13)

safety wedges are drawn into their fully

applied position, due to the time delay of Wedge Height Allowance

moving the safety linkages and operating Safety Stopping Retardation Juw h,

parts. This speed increase isn’t taken into Distance, S Constant, Q

account by the safety stopping distance Imperial Units | SIUnits | Imperial Units | SI Units
limits but was understood by the early A17

code writers based on the NBS/NEMI Smin Quax =10 0 0 nla nla
Safety Testing Program sponsored by

NEMI, the predecessor to NEII, during the Smax Qi =0.35 n/a nla 10in. (0.84 ft) 0.256 m
1930s-1940s.
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Table 4: A17/B44 safety stopping constants
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Figure 5: Type B safety stopping distances

where the retardation constants are given as:

Qin =0.35 (Equation 14)

Q,eq =0.675 (Equation 15)
and

Qmax =1.0 (Equation 16).

Substituting Equation 14 and 16 in 13 yields:

0.35g<ag,,<1.0g (Equation 17)

and, at the median allowable retardation:

g=0.675g (Equation 18).

8med = Ymed

Due to the safety, the safety stopping retardation would be 2.5
times the brake contribution, even if they occurred simultaneously.

When an SOS actuates, or trips, there is a small time delay
during which the SOS operates, causing the removal of power
through other devices, and then the driving machine brake is
released. The total time duration, tha , varies depending on the
type, age and design of equipment. The total electromechanical
response time delay from time of initial SOS switch activation until
full mechanical braking torque is effective, tibg , is influenced by
the incremental delays shown in Table 5.

The typical industry values for the machine braking response
time shown in Table 5 can be assessed further to quantify car speed
values below which the car safety stop would be reached prior to
the driving machine brake coming into play and applying full
braking torque. This is the same condition as the A17/B44 test
method, in which the GOS is inoperative in the acceptance test
and ineffective in the Category 5 test, so that in either case, only
the SOS is operative. If, during regular elevator operation, the car
went into overspeed, and the governor responded, but the GOS
was inoperative or otherwise not functioning, the governor would
mechanically trip, thereby activating the safeties. As the safety
wedges were deployed, the SOS would be activated, and the same
response times discussed in Table 5 would occur.

The total electrical, electromechanical and mechanical response
time delay from time of initial SOS switch activation until full
mechanical braking torque is effective is:

ttha =tpam +Isos/safckt * tsafckt/coil *tbmd  (Equation 19).

The constant retardation range given by Equation 17 is
used. The general equation for uniform rectilinear motion

Event Response Sources/References
Description Time Value (ms)
50ms < tpam <100ms

Pre-activation motion of SOS prior
to EPD opening

6098E switch parts.
or. toam = f ©)

Approx. 0.25 in. pre-movement of Otis

with constant retardation is used:

Vsaf = Gsaf ttbd (Equation 20).

SOS switch opening

~100ms

Safety circuit opens. tsos/safckt

comparable values.'

Historical Otis Practice, 6098E
Electromechanical switch. Other major
elevator manufacturers have

The numerical values are shown in Table 5. Since A17/
B4401l Requirement 8.10.2.2.2(ii)(4)(a) is premised on the
safety application speed being equal to the governor
tripping speed, i.e.,

Removal of electrical power to

brake coil(s) safckt/ coil = 75MS

Typical value by major elevator
manufacturers: A17/B44-2013
Handbook,! Chart 2.19.2.1(c)

Vsaf =Vgts  (Equation 21)
these will be used.
While the extremes of the allowable retardation range
can be used, most major elevator manufacturers target the
median values when setting up their designs. Accordingly,

Brake application: Brake coil(s)
release, brake shoe(s) motion,
brake components seating under
maximum braking load, onset of
full brake torque

To

150ms < tomd < 450ms

manufacturers.’

= Trnax

Total brake delay time range 375ms < thd < 725ms

Typical values by major elevator

these are highlighted in Table 6. As an example, the median
value of the mechanical, electrical and electromechanical
response-time delay is found by substituting the median
value from Table 5 in Equation 19 so that:

tipg = 75ms +100ms +75ms +300ms = 550ms (Equation 22).

The timeline for the safety and e-stopping events at a

Median value tibdmed < 550ms Median design value

field safety acceptance test is shown in Figure 6. The motion

" G.W. Gibson/R.J. Walker, TKE, telecon, 05/01/12.

diagrams for the car are shown in Figures 7 (v-f curve) and 8

Table 5: Braking response times

(v-t and a-t curves). The timeline and curves are not to scale
Continued
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and shown for illustrative purposes. Nodal points are designated by
small circles in Figures 6-8 at their respective event points.

During the time interval, tgts/saf , between governor tripping
speed (point B) and the point at which the safety wedges are in the

Onset of mechanical, electrical sSOs
and electro-mechaical response Tripping e - Stop
time delays Speed Begins
Governor \J
Tripping v Vi
Speed sos Ybd bri/sal toame
'sos/saf
Rated
Speed Vgos Vgts Vgirr Vgfir Yomsw Viwe | Vsaf
—a—— o— S
AT sy | | T ¢ D E F
t *
v rbu
Yts/saf tcomb
Yotresp = 150 ms (EN 81) _
P Vstop =0
Safety wedges
fully applied

Figure 6: Timeline for safety and e-stopping events at acceptance test

tully applied position (Point D), and full safety retardation begins,
the SOS opens (point C), and mechanical, electrical and
electromechanical response time delays occur (Table 5 and
Equation 19), leading up to the onset of e-stopping retardation by
the machine brake, electrically assisted braking and emergency
brake, if provided. If the safeties, on their own, have not fully
stopped the car by the time the e-stop retardation starts (point E),
the descending car, albeit at a greatly reduced speed, will be
retarded and stopped by the concurrent retardation, @saf/prk ,
between points E and F shown on both the v-¢ and a-# curves in
Figure 7.

Table 6 illustrates the speeds for three different retardations of
the safety on its own. For purposes of an example, the time interval
between the opening of the SOS and the start of full safety
retardation will be assumed so small as to be negligible, so that:

(Equation 23)

and the safety application speed is that given by (21), i.e.,
Vsaf =Vgts.

It will be assumed that Equation 22 gives the median value of
the time response delay. Substituting the median retardation and
median time response delay in Equation 20 yields:

Voot = 06759(550ms) - 0.675(32'17405ﬂ ](550ms)( 1s )(@) ~717ft /min

$2 1000ms )\ min

(Equation 24).

Therefore, a car descending at a governor tripping speed of 717
fpm will be stopped by the safety, on its own, prior to the e-stop
occurring. This is shown in the shaded portion of Table 6.

The numerical values in Table 6 highlight two fundamental
conclusions:

1) The potential “minimum assistance” afforded by the driving
machine brake on the safety stopping performance is
nonexistent at low safety application speeds, i.e., below a safety
application speed of 717 fpm shown in the example, since the
total response time for the safety circuit to open, apply the
brake and reach full braking torque exceeds the safety stopping
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. Max. Safety Application
Safety Stopping ?;::“{:;;’T;gg Speed, Vsaf ~Vgts
Retardation ’

Imperial Units Sl Units
375ms 253 fpm 1.29 mps
@min = 0-359 550 ms 372 fpm 1.89 mps
725 ms 490 fpm 2.49 mps
375ms 489 fpm 2.48 mps
8meq = 06759 550 ms 717 fpm 3.64 mps
725 ms 944 fpm 4.80 mps
375ms 724 fpm 3.68 mps
amax = 1-09 550 ms 1062 fom 5.39 mps
725 ms 1400 fpm 7.11 mps

Table 6: Maximum safety application speed attained prior to machine braking

time.

2) Where the machine braking system is able to apply full braking
torque before the safety has stopped the car, the tractive effort
at the drive sheave will act in the opposite direction of the car
descending motion (Figure 3) and will function to minimize the
potential for counterweight jump and the attendant slack hoist
rope condition. This condition is illustrated in Figure 8 between
points E and F.

The terminology used in the code rule “minimum assistance” is
appropriate, since:

1) The driving machine brake torque is limited by the technical
parameters established by A17/B44"! Requirement 2.24.8.2. Its
effect in retarding the car is limited by the drive sheave available
traction.

2) For the car speeds where the brake applies its retarding torque
(Figure 8, point E) after the safety retardation has been
underway (Figure 8, between points D and E), the car speed
will have been greatly reduced by the safety, on its own, and
its sequential contribution is minimal as compared to the
retardation provided by the safety. This condition is illustrated
in Figure 8 between points E and F.

While the premise of setting the safety application speed equal
to the governor tripping speed reflects sound engineering practice,
which has been embodied in A17.1 since its early editions, it is
important to discuss the fact that, depending on the inherent
mechanical and electromechanical delays, or response times, in the
system, the car speed at the point where the Type B safety wedges
are drawn into their full application position, the car safety
activation speed will be greater than governor tripping speed, i.e.,

Vsaf =~ Vgts (Equation 25).

Figure 7 illustrates the speed increase for any generalized
traction elevator system in which the car speed continues to
increase beyond rated speed (point A) up through the various
incremental points at which electrical, electromechanical and
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Agaf Effective After Wedges
are fully applied

Decreasing
Acceleration

Full Safety Retarding Force Applied

Veaf = Vipy = MV,
Initial wedge saf rou gts
contact with Rails, V; -
saet g :" s 'It " we Velocity Decreases
afety Operating Switcl
Tripping Speed, Vg g C due to agyy
Onset of motion of Slope of Curve
safety wedges, Vomsw dv
—=a
Full Governor Rope t dt 'saf
Retarding Position, ngrr trbu
Onset of Mechanical Activation of 'Z >
Gov. Rope Rdtarding Means, Vgirr - tomsw/iwc Onset of e-Stop
Governor Tripping B tod
Speed, Vgts =Bv .
gts/omsw
Gov. O/S Bwitch Trip, Vgos tgts/saf
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Speed, v A os/gts
Slope of Curve gosig
dv
a1 S s &
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dv Lo &
S&&
o &9
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/
/
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/
/
/
/
/
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Figure 7: Velocity-time curve for generalized safety application

mechanical events occur prior to the safety applying its full
retarding force at point D. The speed increase was first discussed in
the findings of the NBS/NEMI safety test program conducted in
the 1930s, sponsored by NEMI.

Regardless of the test method used to reach governor tripping
speed during an overspeed safety test, the car must be accelerated
to increase its speed from rated speed (point A) to governor
tripping speed (point B). This acceleration gradient, @grad , will
continue to be effective until the safety wedges are drawn into their
full application position at point D. The general curve, shown in
Figure 7, illustrates either safety operation with the suspension
means intact, or freefall. However, in the case of freefall, an e-stop
will only remove power from the driving machine, and no
mechanical braking is possible.

In the case of safety application during an overspeed test with
the suspension means intact, the acceleration gradient will be
somewhere in the range between the normal elevator acceleration
and the limiting acceleration value at which traction would be lost,

ie.,
(Equation 26).

In the case of a freefall, the freefall acceleration is equal to the
acceleration gradient, i.e.,

8cff = Agrad (Equation 27)
where the acceleration gradient cannot exceed the acceleration
due to gravity:

(Equation 28).

Over the last several years, EU code writers have recognized the
time response of the governor and safety operating parts from the
point of governor tripping until the FGC (progressive) safety
wedges are in their fully applied position and have codified

requirements in EN 81-11"% Clause 9.9.7, EN 81-201'"! Clause
5.6.2.2.1.2 and EN 81-50"% Clause 5.3.2.3.1, which are extrapolated
to result in a total time delay response,

=150ms (Equation 29)

ttotresp

While not accounted for in the formulation of A17 rules, it has
been well known and understood that, once governor tripping
speed has been reached, the car continues to accelerate, while the
mechanical operating clearances in the safety parts have been
taken up, resulting in the safety application speed exceeding
governor tripping speed as given by Equation 23. Unassisted by the
machine brake, these higher application speeds are successfully
absorbed by the safety, on its own, prior to the deployment of the
machine brake, caused by opening the SOS.

The foregoing discussion of the safety application speed being
greater than governor tripping speed highlights an additional
conclusion that can be drawn, viz., the stepped retardation (Figure
8, a-t curve) resulting from the safety application at a speed higher
than governor tripping speed, followed by the delayed machine
braking, provides a combination retardation that would only be
marginally different than the safety retardation alone at the lower
application speed.

In Figures 6 and 7, the incremental steps occurring during the
motion of the elevator from the onset of an overspeed up to the
point of the safety wedges applying full retarding forces to the
guide rails was discussed to show how the car speed continues to
increase during these steps.

a
tv/saf G

a saflbrk

H
3saf Bcomb
t

0
A D E | I F
4grad +—

. teomb | | Average Retardation v. Time Curve
b=t

tgls/saf —
|

—————— —|— — l— = Point at which full safety
retarding force is applied

Viod Vgos

Vsaf

Point at which full safety

Vi Vi
9 __brkff___l_ ______ 1 bksat ) and e-stop braking
l dt p retardation effective
Vbiksaf | | qdv EV =3saibrk
l
o] 1 G ‘
. | v Lo
v/sos > T tsafibrk

Velocity v. Time Curve

Figure 8: Motion curves for generalized combined safety and brake
application

The system motion in terms of car velocity and acceleration
(retardation) from the onset of the overspeed to the end of motion
when the car has been brought to a safe stop due to safety
application, followed by combined safety application and brake
application, is shown in Figure 8.

The same case as above is discussed, i.e., either during regular
elevator operation, the car went into an overspeed, and the

governor responded, but the GOS was inoperative, or, as required
Continued
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for an acceptance test, the governor would mechanically trip,

thereby activating the safeties and SOS.

Since the velocity and acceleration are a function of each other,
the “Velocity v. Time (v-£) Curve” is shown together with the
“Acceleration v. Time (a-t) Curve” displayed immediately above it
in Figure 8. For convenience of illustration, the time clock for the
events under study will be taken at the onset of car motion where it
is descending at rated speed, V', and is shown starting at time
t=0.

The sequence of events shown by Figures 6-8 is as follows:

4 'The car is descending at rated speed, V, as shown at point A.

4 For an elevator operating in regular service, either a failure
occurs, and the descending speed increases, or, if an acceptance
test is being run, the car speed is deliberately increased. For
either case, the GOS is not functioning.

4 The car speed increases due to an acceleration gradient, agrad,
until the speed reaches the speed for which the GOS is set to
trip. But, nothing happens, since the GOS is not functioning.

¢ The car speed continues to increase until it reaches Vgts (point
B) on the v-£ curve, i.e., where governor tripping occurs,
causing the governor to mechanically activate the safety
operating parts. While these mechanical response times are
taken up, the car speed increases to point B where the SOS is
opened at the speed, Vsos, thereby opening the safety circuit.

4 Due to the time response delays in activating the safety wedges
and moving them into their full retarding force position (point
D), the car speed has now attained the speed Vsaf, and the FGC
safety wedges apply their full retarding force, F.

4 During this phase, the car speed is reduced solely by the FGC
safety by the retardation, 8547, as shown between points D and
E. Once the system electrical, electromechanical and
mechanical response time delays have been reached, the brake
exerts full torque at point E on the v-f curve, and any further
speed reduction is retarded by the combination safety and brake
at avalue, Gsaf/brk, between points E and F.

4 From the point of safety application (point D) to the end of the
combination safety and brake application at point F, the total
stopping time is tcomb.

4 During the time interval shown between points D and F, the
average retardation is shown by the horizontal dashed line in
the a-t curve as 9comp.

Abbreviations, Acronyms and Terms

For the purposes of Parts One and Two of this article, the
following apply:

A17/B44 = ASME A17.1/CSA B44 Safety Code for Elevators and
Escalators

AH]J = authority having jurisdiction

DWT = double-wrap traction

EPD = electrical protective device

e-Stop = emergency electrical stop

EU = European Union

FGC = flexible guide clamp safety

fpm = feet per minute

GOS = governor overspeed switch

GTS = governor tripping speed
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MSD and MD = A17 Mechanical Safety Devices and Machine
Design Committee

ms = millisecond

mps = meters per second

NBS = National Bureau of Standards

NEII = National Elevator Industry, Inc.

NEMI = National Elevator Manufacturing Industry, Inc.
(predecessor to NEII)

SI = system of dimensional metric units

SOS = safety operating switch

The meaning of terms not specifically defined in this article shall
be as defined by technical books and publications, codes and
standards, and/or collegiate dictionaries in the sense that the
context implies.

Notations & Nomenclature

a = Average safety stopping retardation of the car at safety
application (general) (used in A17 Interpretation 86-2) (mps* or
fps?)

Gcff = average acceleration of freely falling car (mps? or fps?),
a.s =1.09

8:ompb = average retardation of car due to combined safety
application and e-stop (mps? or fps?)

9¢-stop = average retardation of car due to e-stop alone (mps?
or fps?)

8grad = average acceleration gradient occurring between rated
speed, V , and the speed of the car at the point at which all the
FGC safety wedges make initial contact with the guide rails, Viwe
during field acceptance overspeed test (mps?® or fps?)

8max = A17/B44 maximum average safety stopping retardation
based on Q@ =1.0 (mps’or fps?)

8med = Median average A17 safety stopping retardation based
on Q limits (mps?® or fps?)

8min = A17 code minimum average safety stopping retardation
based on Q =0.35 (mps? or fps?)

8n = normal operating acceleration/retardation of elevator
(mps? or fps?)

Asaf = average retardation of car due to safety application only
(mps? or fps?)

saf/brk = combined average retardation of car due to safety
application and e-stop (mps? or fps?)

8, = system retardation (average) at impending suspension
rope slip at drive sheave (mps? or fps?)

C = car weight (Ibf)

dv = incremental velocity differential

dt = incremental time differential

ﬂ = first derivative of velocity with respect to time (mps? or

at  fps?)

f (V) = a function of speed

F = total safety retarding (braking) force from all safety
assemblies (general term) (N or 1bf)

9 = acceleration due to gravity (9.80665 mps? or 32.17405 fps®)

H = travel (rise) (m or ft.)

h,, = vertical height allowance for Type B FGC safety wedge at
maximum slide (mm or in.)

Jw = vertical height allowance for Type B FGC safety wedge at
minimum slide (mm or in.)
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Ksaf = rated load ratio during A17/B44 overspeed test

(Kggr =1.0) (dimensionless)

L = rated load (weight) (Ibf)

M = constant term used to describe safety activation speed as a
function of governor tripping speed (dimensionless); also used for
mass and moment of force.

M¢ = mass of car (kg)

Mef = mass of compensating sheave assembly (kg)

Mes = mass of car 2:1 sheave(s) (kg)

My = mass of deflector/ secondary sheave (kg)

My = rated load (mass) (kg)

MRc = mass of single run of compensation (kg)

Mycs = mass of compensating sheave(s) (kg)

MRH = mass of single run of suspension means (kg)
Mshvs = mass of all sheaves in system (general) (kg)
Mrc = mass of traveling cables (kg)

My = mass of counterweight (kg)

Mys = mass of counterweight 2:1 sheave(s) (kg)

n = car/counterweight roping ratio (17 = 1 for 1:1; 1 =2 for
2:1)

n/a =notapplicable

Q = retardation constant used for A17/B44 safety stopping
distances (dimensionless)

Qmax = retardation constant used for A17/B44 minimum
safety stopping distance ( Qmax =1.0) (dimensionless)

Qeq = retardation constant used for A17/B44 safety stopping
distance based on the median retardation ( Qm od = 0.675)
(dimensionless)

Qmin = retardation constant used for A17/B44 maximum safety
stopping distance ( Qmin =0.35) (dimensionless)

R, = weight of single run of compensation (Ibf)

R}, = weight of single run of suspension means (Ibf)

s = safety stopping distance (general term) (m or ft.)

Smax = Maximum safety stopping distance allowed by A17/
B44 (m or ft.)

Smin = Minimum safety stopping distance allowed by A17/B44
(m or ft.)

t = time duration for an event (general) (ms ors.)

tbmd = machine brake mechanical delay, measured from brake
coil(s) release, brake shoe(s) motion, brake components seating
under maximum braking load, onset of full brake torque (ms ors.)

fcomb = time duration for a combined safety application and
e-stop (brake stopping) of the car from ~ $af to full stop (ms or's.)

gos/gts = time duration from the point at which governor
overspeed switch setting is reached to governor tripping speed (ms
ors.)

tgts/omsw = time delay from governor tripping speed to onset
of motion of car safety levers and safety wedges (ms ors.)

tgts/saf = time delay from governor tripping speed to start of
full safety application (ms or s.)

iwc/saf = time duration for safety retardation to build up from
initial wedge contact with the rail until the wedge is in its fully
applied position (ms or s.) ({iyc/sar = Ebu)

omsw/iwc = time duration from the point of onset of motion of
car safety levers and safety wedges to the point initial safety wedge
contact with the guide rails (ms ors.)

tomswisos = time duration from the point of onset of motion of
car safety levers and safety wedges to the point at which the safety
operating switch opens (ms or s.)

pam = time duration for pre-activation motion of EPD (ms or
s.)

tpu = time duration for safety retardation to build up from
initial wedge contact with the rail until the wedge is in its fully
applied position (ms ors.) ( trbu = tiwc/saf )

tsaf/brk = time duration from the point at which the
concurrent safety and e-stop braking starts until the car is stopped
(msors.)

t safckt/coil = time delay from opening safety circuit to removal
of electrical power to brake coil(s) (ms ors.)

tsos/saf = time duration from the opening of the SOS until full
safety retardation starts (ms or s.)

tsosisafckt = time delay from onset of opening of SOS to
opening safety circuit (ms or's.)

tbd = total electromechanical response time delay from time of
initial SOS switch activation until full mechanical braking torque is
effective (ms ors.)

ttbdmed = median electromechanical response time delay from
time of initial SOS switch activation until full mechanical braking
torque is effective (ms or s.)

ttotresp = total time delay response from the point of governor
tripping until the FGC safety wedges are in their fully applied
position per EN 81 (ms or's.)

vigos = time duration from the point of rated speed to the
point at which governor overspeed switch (GOS) setting is reached
(msors.)

tv/saf = time duration from the point of rated speed to the
speed at which the safety is in the fully applied position (ms or s.)

tv/sos = time duration from the point of rated speed to the
point at which the safety operating switch (SOS) switch setting is
reached (ms ors.)

To = magnitude of onset brake torque (N-m or ft.-Ibf)

Tomi = available kinetic brake torque due to mechanical brake
sets, on their own, reflected to drive sheave/drum (Nxm or ft.-Ibf)
Toap = kinetic brake torque due to electrically assisted braking,
reflected to drive sheave/drum, if provided (Nxm or ft.-1bf)

Tob = effective kinetic torque due to emergency brake,
reflected to drive sheave/drum (Nxm or ft.-1bf)

Tmax = magnitude of full brake torque (Nxm or ft.-Ibf)

T, = hoist-rope tension at point where ropes lead from drive
sheave to car (N or Ibf)

T, =hoist-rope tension at point where ropes lead from drive
sheave, or deflector sheave, if furnished, to counterweight (N or
1bf)

v = speed (velocity) of the car (general) (mps or fpm)

v = rated speed (velocity) (mps or fpm)

Vbrksaf = car speed at the point at which the brake full torque
is effective, in addition to the previously applied safety retarding
force (mps or fpm)

Vf = speed of car when suspension fails or an overspeed starts
(mps or fpm)

Vgfir = car speed at point of full governor rope retarding means
position (mps or fpm)

Continued
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Vgirr = car speed at point of onset of mechanical activation of

governor rope retarding means position (mps or fpm)
g0s = speed at which the governor overspeed switch opens
(mps or fpm)

Vots = governor tripping speed, as calibrated (mps or fpm)

Vgtsmg = speed at which manual governor tripping performed
(general term) (mps or fpm)

Vgtsmv = manual governor tripping performed at rated speed
(mps or fpm)

Viwe = car speed at the point of initial safety wedge contact
with the guide rails (mps or fpm)

Vomsw = car speed at point of release of releasing carrier, if
provided, and onset of motion of car safety levers and safety
wedges (mps or fpm)

rbu = car speed during safety retardation buildup as wedges
are drawn into their fully applied position (mps or fpm)

Vsaf = car speed at which safety applies full retarding force
(mps or fpm)

vsaf1 = theoretical peak value of the speed at which the safety
wedges apply their full retarding force (mps or fpm)

Vsos = car speed at which the SOS opens (mps or fpm)

Vibd = magnitude of the car speed reduction from the start of
full safety application during the total electromechanical response-
time delay from time of initial SOS switch activation until full
mechanical braking torque is effective (mps or fpm)

Y = position ratio to describe location of car in relation to
hoistway/well position above lowest landing (0 <y< 1)
(dimensionless)

Z; = constant value based on specific sheave dimensions,
which, when multiplied by the respective sheave mass/weight,
gives its rotational inertia effect ( Zes, 24, %res Zys , etc.)

a = available traction (tractive effort) between drive sheave
and suspension means (dimensionless)

B = constant term used to describe governor tripping speed as
a function of rated speed (dimensionless)

> = greater than

< =less than

2 = equal to or greater than

< = equal to or less than

~ = approximately equal to

> = significantly greater than

< =ssignificantly less than
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ELEVATOR WORLD Continuing Education
Assessment Examination Questions

Instructions:

4 Read the article “A17/B44 Type B Safety Stopping, Part One” (p. 73) and
study the learning-reinforcement questions at the end of the article.

4 To receive two hours (0.2 CEUs) of continuing-education credit, answer the
assessment examination questions found below online at www.
elevatorbooks.com or fill out the ELEVATOR WORLD Continuing
Education reporting form found overleaf and submit by mail with payment.
Approved for Continuing Education by NAEC for CET® and NAESA
International for QEI.

Most enforcing authorities in North
America conduct stopping
performance tests on Type B safeties
following the procedures specified in:
a. The ASME A17/CSA B44 Code for
Elevators and Escalators.

b. The ASME A17.1 Code for Elevators
and Escalators.

c. The CSA B44 Code for Elevators and
Escalators.

d. The EN 81-20 Safety Rules for the
Construction and Installation of Lifts.

To determine conformance with A17/
B44 Requirement 8.10.2.2.2(ii)(1)(d)
during the acceptance test, the
operation of the governor overspeed
switch (GOS) and car safety-
mechanism switch (SOS) is required
to be operationally tested to determine
conformance with Requirements
2.17.7 and 2.18.4 by:

a. The electrical inspector.

b. The elevator inspector (AHJ).

c. The manufacturer or testing
laboratory.

d. None of the above.

During the acceptance test, a field
overspeed safety test is required to be
conducted on Type B safeties. The
operational status of the GOS and SOS
during the overspeed acceptance test
is summarized as:

a. Both the GOS and SOS switches are
permitted to be operational during a
field overspeed safety test.

b. The GOS is operational; the SOS is
inoperative.
c. The GOS is inoperative; the SOS is
operational.
d. The GOS is inoperative; the SOS is
inoperative.

There are several characteristics
inherent in the design of Type B
safeties. Choose the correct answer
containing three of the eight main
characteristics of a Type B safety:

a. Must apply when the SOS is fully
open: no adjustments permitted and
must not be self-applying.

b. Safety parts made of nonferrous
metal; safety slide is constant and will
flex with rail surface abnormalities.

c. Governor-operated, quick applying
to full retarding force, and all wedges
apply equally.

d. Single wedge required, tiller rope
needed, and safeties can’t be field
adjusted.

During the overspeed acceptance test
of a Type B Safety, the SOS switch,
which is operated by the car safety
mechanism, is permitted to be
temporarily adjusted to open as close
as possible to the position at which the
car safety mechanism is:

a. In its starting position just prior to
the start of safety application.

b. In the fully applied position for the
duration of the field safety test.

c. In the partially applied position for
the duration of the field safety test.

d. Set at the position preferred by the
elevator company.

Which of the following has no effect
on the stopping performance of a
Type B safety when tested in an
overspeed acceptance test?

a. The functioning of the driving
machine brake during the safety
stopping mode while the car is still in
motion.

b. The available traction between the
drive sheave grooves and suspension
(hoist) ropes.

c. The removal of electrical power
from the driving machine motor and
brake while the car is in motion.

d. The available traction between the
compensating rope sheave grooves
and compensating ropes.

During an overspeed acceptance test
of a Type B safety, the car will
continue to accelerate as the
mechanical operating clearances in the
governor and safety system are taken
up, resulting in the safety application
speed exceeding governor tripping
speed. Which of the following has no
effect on the mechanical time response
delays affecting the safety application
speed during the overspeed test?

a. The motion of the governor rope
retarding (governor jaws) means.

b. The motion of the safety wedges as
they move from their unapplied
position to their fully applied position.
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c. The motion of the GOS parts.
d. All of the above.

The driving machine brake torque is
limited by the technical parameters
established by A17/B44 Requirement
2.24.8.2, and its effect in retarding the
car during an overspeed safety test is
limited by:

a. The available traction between the
drive sheave grooves and suspension
means (hoist ropes).

b. The stroke of the car oil buffer.

c. The functioning of the emergency
brake.

d. None of the above.

With a well-maintained elevator, it can
be expected that if an overspeed,
which caused the elevator to reach
governor tripping speed, occurred
during regular service, the GOS and
SOS would open, causing the removal
of power to the driving machine motor
and all brakes, resulting in one of the
following events:

a. An e-stop will be initiated
concurrently with the safety

application, resulting in a combination
safety and brake stop.

b. The safety stop will always result in
the car being stopped solely by the
safeties, on their own, prior to the
driving machine brake being applied.
c. The car will always be stopped by
the application of the driving machine
brake prior to the safeties being
applied.

d. None of the above.

10. During an overspeed acceptance test of

the Type B car safeties, a powered
drive sheave increases the likelihood
that one of the following will occur:
a. There will never be counterweight
jump, and no slackening of the
suspension means above the
counterweight will occur.

b. There will be increased
counterweight jump and possible
slackening of the suspension means
above the counterweight.

c. Counterweight jump only occurs on
high-rise, high-speed, elevators.

d. None of the above.
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11.

12.

13.

14.

15.

The removal of the driving machine
power during a field safety test and
allowing machine braking at the
termination of the safety stopping
cycle increases the probability of
counterweight jump and the possible
creation of slack suspension means.
a. True

b. False

The higher speeds caused by the time
duration while the mechanical
operating clearances in the safety parts
are taken up are absorbed by the
safety.

a. True

b. False

The inherent mechanical, electrical
and electromechanical delays in the
GOS and SOS, including the braking
system, affect the point during the
safety stopping at which the braking
system fully applies and combines
with the safeties to produce a
combination safety and brake stop.
a. True

b. False

In the case when the braking system
applies while the car is still being
retarded by the safeties during a field
overspeed test, the brake will only
provide minor assistance in stopping
the car, because most of the
retardation is provided by the safeties.
a. True

b. False

The stepped retardation resulting from
the Type B safety application at a
speed higher than governor tripping
speed, followed by the delayed
machine braking, provides
retardation, which would only be
marginally different from the safety
retardation alone at the lower
application speed.

a. True

b. False
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