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Disclaimer

This standard, which was developed under the ANSI Canvass method
and approved by ANSI on January 21, 2005, represents suggested
design practices and performance testing criteria for horizontal
carousels.  It was developed with the sole intent of offering information to
parties engaged in the manufacture, marketing, purchase, or use of
horizontal carousels.  This standard is advisory only and acceptance is
voluntary and the standard should be regarded as a guide that the user
may or may not choose to adopt, modify, or reject.  The information does
not constitute a comprehensive safety program and should not be relied
upon as such.  Such a program should be developed and an
independent safety adviser consulted to do so.

Material Handling Industry (MHI) and its members assume no
responsibility and disclaim all liability of any kind, however arising, as a
result of acceptance or use or alleged use of this standard.  User
specifically understands and agrees that MHI and their officers, agents,
and employees shall not be liable under any legal theory of any kind for
any action or failure to act with respect to the design, erection,
installation, manufacture, preparation for sale, sale, characteristics,
features, or delivery of anything covered by this standard.  Any use of
this information must be determined by the user to be in accordance with
applicable federal, state, and local laws and regulations.

MHI makes no warranties of any kind, express, implied, or statutory, in
connection with the information in this standard.  MHI specifically
disclaims all implied warranties of merchantability or of fitness for
particular purpose.

By referring to or otherwise employing this standard, the user agrees to
defend, protect, indemnify, and hold MHI and their officers, agents, and
employees harmless from and against all claims, losses, expenses,
damages, and liabilities, direct, incidental, or consequential, arising from
acceptance or use or alleged use of this standard, including loss of
profits and reasonable attorneys' fees which may arise out of the
acceptance or use or alleged use of this standard.  The intent of this
provision and of the user is to absolve and protect MHI and their officers,
agents, and employees from any and all loss relating in any way to this
standard, including those resulting from the user's own negligence.
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Foreword     (This foreword is not part of American National Standard MH24.1 – 2005)

The Automated Storage Retrieval Systems (AS/RS), a Product Section of Material Handling
Industry of America, a division of Material Handling Industry, is comprised of a substantial portion
of the major companies that design and manufacture automated storage and retrieval systems in
the United States.  This standard is the result of AS/RS’s recognition of the need to develop a
comprehensive safety standard and establish minimum design and performance criteria to ensure
the safe application and utilization of automated storage retrieval systems, and was formulated
under American National Standards Institute (ANSI) procedures.

At the date of approval of this standard, AS/RS consisted of the following member companies:

Daifuku America
Diamond Phoenix Corporation
Hanel Storage Systems
HK Systems
J&D Associates
Kardex Systems, Inc.
Knapp Logistics Automation
Lauyans & Company, Inc.
Murata Machinery USA, Inc.
Remstar International, Inc.
Retrotech, Inc.
Siemens Logistics and Assembly Systems
Stanley Vidmar
viastore systems, inc.
White Systems, Inc. – an FKI Logistex Company

Suggestions for improvement, and questions regarding interpretation, of this standard will be
welcome.  They should be sent to:  MH24.1 Committee (AS/RS), Material Handling Industry of
America, 8720 Red Oak Blvd., Suite 201, Charlotte, NC, 28217-3992; standards@mhia.org.

mailto:mhstd@mhia.org
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Safety Standard for Horizontal Carousel
Material Handling and Associated Equipment

1 INTRODUCTION AND SCOPE

1.1 INTRODUCTION

Accidents involving material handling equipment can be reduced or eliminated by
following safe practices in design, construction, installation, operation and maintenance.
This Standard is based on the accrued knowledge of the major horizontal carousel
manufacturers, applicable ANSI, ASME and NEC standards, as well as applicable OSHA
regulations.  The purpose of this Standard is to provide for safe operation and
maintenance of carousel equipment by acting as a guide for carousel system design,
construction, installation, operation and maintenance.  This standard is the primary
specification related to horizontal carousel applications and is supplementary to any law
or code covering fire or health regulations.

1.2 SCOPE

This Standard is intended for use by manufacturers, purchasers, and users of horizontal
carousels and related equipment.  The design, layout and installation of carousel
equipment shall be supervised by qualified personnel.  Carousel systems shall be
operated and maintained only by qualified, trained and knowledgeable personnel.  This
Standard is designed to protect personnel by guiding owners, employers, and
supervisors who have the final responsibility for carousel equipment safety in the proper
use of the equipment and safety features incorporated in the system.

The provisions of this Standard shall apply to equipment installed on or after this
standard’s ANSI approval date and excludes equipment included within the scope of
ASME Standard B20.1 (conveyors).

2 NORMATIVE REFERENCES

The following standards and codes contain provisions which, through reference in this
text, constitute provisions of this American National Standard.  At the time of publication,
the editions indicated were valid.  All standards and codes are subject to revision, and
parties to agreements based on this American National Standard are encouraged to
investigate the possibility of applying the most recent editions of the standards and codes
indicated below.

ANSI/NFPA 70 – 1999, National Electrical Code (revision of ANSI/NFPA 70 – 1996).

ANSI/NFPA Z244.1 – 1982 (R1993), Safety Requirements for the Lock Out/Tag Out of
Energy Sources.
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3 TYPES OF EQUIPMENT

This Standard applies to all new and modified carousels installed or modified after this
standard’s ANSI approval date.  Existing carousels and equipment should be inspected
and brought up to these requirements.  This Standard also applies to the following and
related equipment that is used with horizontal carousel material handling systems:

• Light Trees
• Sort Bars
• Interfaces to Lift Tables and Inserter/Extractors

This standard does not supercede existing ANSI standards for lift tables (MH29 series).

4 DEFINITIONS

4.1 Actuator – a device such as a motor, solenoid, or air cylinder, that supplies force to
operate a mechanism.

4.2 ANSI – American National Standards Institute

4.3 ASME – American Society of Mechanical Engineers

4.4 Bin – a structure to accommodate product that rides on the load carrying rails of a
horizontal carousel.

4.5 Carrier – same definition as Bin.

4.6 Codes – any directives or guidelines issued by national, federal, state or local authorities
for the safe use of mechanized equipment including relevant fire and health regulations.

4.7 Dead load – the weight of the carousel, bins, shelves and related equipment, empty of
stored materials.

4.8 Emergency stop (E-Stop) – a stop arising from a sudden and unexpected need, and not
as part of the normal operation.

4.9 Emergency Stop Device – a device that is actuated automatically or manually in an
emergency situation.

4.10 Fault condition – a malfunction of the equipment caused by overload, travel beyond set
limits, jam, emergency stop, software error, or failure of machine components.

4.11 Flexible cable carrier – a protective housing which moves with and protects a flexible
cable from binding or from coming into contact with nearby moving or stationary
equipment.

4.12 Guard – a barrier or device that prevents exposure to an identified hazard.

4.13 Guarded by location – describes moving parts so protected by their remoteness from
the floor, platform, walkway or other working level, or by their location with reference to
frame, foundation or structure as to reduce the foreseeable risk of inadvertent/accidental
contact by persons or objects.  Remoteness from foreseeable, regular, or frequent
presence of public or employed personnel may in reasonable circumstances constitute
guarding by location.
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4.14 Horizontal Carousel – track mounted carriers/bins/shelving that bi-directionally rotate to
present stored items to a load/unload point.  This does not apply to closed loop
conveyors (for instance those used to hang garments, those used in paint lines or those
used for product transportation).

4.15 Inserter/Extractor – a device used to automate the loading and unloading of horizontal
carousels.

4.16 Interlock Device, Operator – A mechanical or control device which prevents carousel
movement during operator interface.

4.17 Lift table – device used to elevate personnel who manually load and unload upper shelf
levels of horizontal carousels.

4.18 Light tree – a device containing multiple displays used to direct retrieval and/or
replenishment from carousels.

4.19 Live load – the weight of the materials stored in a carousel system.

4.20 Maximum load – the weight Live load plus the bins/carriers and shelving.

4.21 Monitored circuit – a control circuit that is continuously evaluated for correct, safe
operation.

4.22 Motor control panel – electrical enclosure that contains the motor drives and related
control equipment to operate a carousel system.

4.23 NEC – National Electrical Code.

4.24 NFPA – National Fire Protection Association.

4.25 OSHA – Occupational Safety & Health Administration

4.26 Operator – a person having knowledge, training, and experience needed to safely
operate and who is aware of the hazards involved relating to carousel systems.

4.27 Operator Interface Area – the designated section of a horizontal carousel at which
qualified personnel manually load or unload product.

4.28 Photo Eye – a device which performs a function when its beam has been interrupted.

4.29 Pick Area or Pick End – see Operator Interface Area.

4.30 Progressive Assembly Carousels – horizontal carousels which are designed to move
continuously, unidirectionally and slowly, with multiple Operator Interface Areas.

4.31 Put bar – same definition as Sort bar.

4.32 Qualified – having knowledge, training, and experience needed to resolve problems and
who is aware of the hazards relating to carousel systems and how to avoid those
hazards.

4.33 Related Load – Maximum Live Load stored in the carousel system as defined by the
manufacturer (not to be confused with Maximum Load, which also includes the weight of
the moving parts of the carousel system).
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4.34 Replenishment or Re-Stock End – see Operator Interface Area.

4.35 Safety Photo Eye – a photoeye arranged to interrupt the movement of a device when
the beam is broken.

4.36 Shall – indicates a provision of this Standard which is mandatory and must be followed.

4.37 Shelf – a device used to support the materials stored in a carousel bin.

4.38 Should – indicates a provision of this Standard which is a recommendation and must be
evaluated according to the facts of the particular situation.

4.39 Sort bar – device containing multiple displays used to direct an operator to pick or place
objects to or from carousels.

4.40 Stop – a manually actuated device designed to reduce the existing hazards to person,
damage to machinery or work in progress.

4.41 Sway bracing – the structure added to horizontal carousels to reduce oscillations during
operation.

4.42 Trained – the requirement for oral or written instruction in some aspect of the carousel
system.

4.43 Transfer platform – a component of the Inserter/Extractor that shuttles containers
between the inbound and outbound conveyors and the carousels.

4.44 Traveling cable – a flexible cable that serves as a moving electrical connection between
movable and fixed machine parts.

4.45 Work platform – an elevated platform that provides a place for a person to stand while
performing maintenance and repairs on carousel equipment.

5 CONSTRUCTION AND INSTALLATION

5.1 WARNING MARKINGS

Safety signs and area markings shall be utilized to inform personnel of the nature and
location of hazards and hazard areas associated with horizontal carousels and their
associated equipment.

Warning labels shall be attached to the carousel equipment in positions and of adequate
size to be visible to operators and maintenance personnel.  The labels shall include
information on the type of hazard and method to avoid injury.  Labels shall be in the
format required by applicable national, regional or local codes in accordance to ANSI
Z535 standards.  The following warnings shall be displayed:

• Crush and pinch points
• Exposed moving parts
• Riding or climbing hazards
• Lubrication hazards
• High voltage

Lockout/tagout information shall also be displayed.
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5.2 FLOOR LOADS AND ANCHORING 

5.2.1 Concentrated Loads

The floor system and anchorage shall be constructed to withstand concentrated loads
imposed by equipment dead load plus Rated Load, as specified by the manufacturer.

5.2.2 Anchoring

Anchor bolts shall be used in accordance with manufacturers’ specifications and shall be
designed to prevent overturning or accidental displacement of the equipment.

5.2.3 Bracing

Appropriate sway bracing shall be used to reduce structural oscillations of carousels in
accordance with manufacturer’s specifications.  Single carousels should be braced to
building structure and according to site conditions and appropriate codes.  Multiple
carousels should be braced to each other.

5.2.4 Seismic

Carousel structures erected in seismic zones as prescribed by local codes, shall be
approved by licensed structural engineers.

5.3 MAINTENANCE ACCESS

5.3.1 Carousel Access

The carousel system shall incorporate permanent or temporary means of entry (access
panels, work platform stairs, ladders, catwalks, etc.), to allow appropriate access to all
areas used for production and maintenance and safe operations.

5.4 SAFEGUARDING PERSONNEL AND PRODUCT

5.4.1 General Requirements

Safety markings and safeguarding shall be provided to protect personnel from
inadvertent contact with moving machinery parts.  Personnel shall be instructed in the
meaning of such protection.  Authorized and qualified operators shall have access to only
the Operator Interface Areas and only for the purpose of the designed operation.
Qualified maintenance personnel shall have access to perform functions as described in
Section 6.

Potential areas to be examined include:

• Carousel sides and end sections.

• Areas where carousel bins move close to structural columns, stairs, walls, or other
obstructions.

• Interfaces to lift table and inserter/extractors.
• Exposed moving parts such as sprockets, chain, pulleys, belts and linear actuators.
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5.4.2 Operator Protection Devices

a) One or more Operator Interface Devices shall be required at each Operator Interface
Area.  These may include, but are not limited to, floormats, photoelectric sensors and
emergency stop devices.

b) Operator Interlock Devices shall operate as monitored circuitry.

c) The Operator Interlock Devices shall act directly on the control of the carousel(s) and
shall not depend on the stopping of any other equipment.  The devices shall be
installed so that they cannot be overridden from other locations.

d) Inactive and unused actuators, controllers and wiring should be removed from control
stations and panel boards, together with obsolete diagrams, indicators, control labels
and other material that might confuse the operator.

5.4.3 Product Protect Photosensors

Photosensors shall be mounted at the Operator Interface Area of the carousel to scan for
product incorrectly stored in the bin shelves.  When product is not pushed completely into
the bin, the overhanging container will interrupt the vertical light beams and stop bin
rotation, preventing damage to the equipment or stored materials.

5.4.4 Inserter/Extractor Interface Guards

a) When a carousel is equipped with an Inserter/Extractor mechanism, personnel shall
be protected from accidental contact with moving parts by a guard.

b) The safeguarding shall encompass the Inserter/Extractor and end section of the
carousel and shall extend vertically from the floor or walking surface to a height of 8
feet.

5.4.5 Inserter/Extractor Interface Area

If the system is equipped with a mezzanine, the Inserter/Extractor transfer area on the
mezzanine shall be safeguarded such that access shall be restricted.  Only qualified
personnel trained in appropriate maintenance precautions as defined elsewhere shall be
allowed access.

Exceptions:

a) Safeguarding Exceptions.  Where conditions prevail that would require safeguarding
under these standards but such safeguarding would render the carousel(s) unusable,
prominent warning means such as signs shall be provided in the area or on the
equipment in lieu of safeguarding.

b) It is not the intention of the Standard to require safeguarding along the entire
carousel length, unless lack of safeguarding creates a safety hazard.

c) Operator Interlock Device Exceptions.  Wherever conditions prevail that would
require Operator Interlock Devices under these standards but such guarding would
render the carousel(s) unusable, prominent warning means such as signs shall be
provided in the area or on the equipment in lieu of Operator Interlock Devices.
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5.5 ELECTICAL EQUIPMENT

5.5.1 Resistor Enclosures

When braking resistors are provided they shall be enclosed and located to prevent
accumulation of combustible matter.

5.5.2 Conductors

a) Wiring external to control cabinets shall be enclosed in conduit, EMT (Electrical
Metallic Tubing), wireway, or flexible conduit, with the exception of low voltage (less
than 50V), computer and device control network cabling.  Wiring external to control
cabinets shall also meet applicable NEC standards.

b) The use of flexible cords or cables shall conform to Articles 400 and 725 of
ANSI/NFPA 70.

c) Wiring shall not be smaller then No. 16, except low energy power, low voltage power,
and signal circuits which shall comply with Article 725 of ANSI/NFPA 70.

d) Ampacity of conductors shall be as shown in ANSI/NFPA 70, Table 610-14(a), except
low energy power, low voltage power, and signal circuits which shall comply with
Article 725 of ANSI/NFPA 70.

5.5.3 Grounding

Electrical components of the carousel system shall be grounded in accordance with
Article 250 of ANSI/NFPA 70 (define grounding issues and devices to be grounded).

5.5.4 Traveling Cables

a) Traveling cables used as flexible connections between system components shall be
enclosed in a flexible cable carrier.

b) When used in a flexible cable carrier, cables shall be rated for flexible cable carrier
use.

c) Cables used in a flexible cable carrier shall be rated for a bend radius equal to or less
than the bend radius of the carrier.

d) Cables shall have temperature rating that meets or exceeds the ambient temperature
range in which the system will operate.

e) A cable strain relief device shall be attached at each end of the flexible cable carrier.

5.5.5 Power Disconnect

a) A lockable power disconnect switch shall be provided for every motor or control
panel, in accordance with applicable local, state and federal codes.

b) The switch shall be lockable in the open position and shall open all ungrounded
power supply circuits simultaneously.

c) The switch shall be labeled and located in an accessible area in accordance to local,
state and federal codes.
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5.5.6 Control Voltages

The control voltage at pendant controls, operator interface terminals or push button
stations shall not exceed 150V AC or 50V DC.

5.5.7 Warning Devices for Progressive Assembly Type Carousels

a) Visual and/or audible warning devices shall be located on any progressive assembly-
type carousel system.  The audible warning device shall alert personnel near a
carousel system that the equipment is being put into service and will start suddenly.
The visual warning device shall alert personnel to the operational status of the
carousel system.  It shall signal normal operation, fault conditions, and emergency
stops.

b) An operator interlock device shall be accessible at each workstation.  The type of
device may be, but is not limited to:

• Emergency stop button
• Normal stop button
• Pull-cord
• Bump-bar

5.5.8 Fault Conditions

a) Fault conditions shall stop horizontal carousel motion in such a manner as to not
cause or increase risk.

b) Correcting the fault shall not cause automatic cycling to resume without performing a
specific restarting procedure.

c) Typical fault conditions should include:

• E-Stop activated
• Load protruding into design clearances
• Electrical overload or power failure

5.5.9 Circuit Design

All safety devices, including wiring of electrical safety devices, shall be arranged to
operate in a “fail safe” manner; that is, if a power failure or failure of the device itself
would occur, a hazardous condition must not result.

5.5.10 Automatic Operation

a) Automated carousel systems shall be designed so that the operation of all actuators
is disabled if a fault condition occurs.

b) When controls are provided for the manual operation of automatic carousel systems,
all sensors of fault conditions shall remain operational.

c) Additional maintenance overrides may be provided.  These shall only be accessible
to qualified maintenance personnel.
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5.6 DOCUMENTATION

Typical documentation for installation, operation, safety and maintenance along with
assembly and wiring drawings for initial implementation shall be provided by the
manufacturer of the equipment.  Application-specific documentation, including site layout,
shall be provided by the implementer to meet local requirements, in the spirit of this
document.

6 INSPECTION, TESTING AND MAINTENANCE

6.1 INSPECTION

6.1.1 Start Up Inspection

Before putting the equipment into service, all new or modified carousel systems shall be
inspected by qualified personnel to ensure compliance with the provision(s) of this
standard.

6.1.2 Periodic Inspection

Complete inspections of the carousel system shall be performed as prescribed by the
manufacturer as provided at system implementation.

Inspections shall verify that the component items comply with manufacturer’s
specifications.  A list may include, but is not limited to, such items or conditions such as:

• Correct adjustment of mechanisms and sensors
• Correct operation of warning devices, warning labels legible
• Correct operation of E-Stop buttons and other sensors
• Deformed, cracked, or corroded members
• Loose bolts or other fasteners
• Worn sprockets, v-belts, sheaves
• Worn, cracked or distorted parts such as pins, bearings, shafts, gears, rollers, locking

and clamping devices

6.1.3 Service Records

a) Dated inspection and service records shall be maintained by the user and shall be
available to appointed service and maintenance personnel and manufacturers’
representatives.

b) User should set up a maintenance program utilizing only trained, qualified personnel
and based on manufacturer’s recommendations to keep the carousel equipment in a
safe condition.

c) Replacement parts shall be equal to the original manufacturer’s specifications.

6.1.4 Maintenance Procedure

a) Personnel shall not perform maintenance such as adjustments or lubrication on the
carousel equipment when it is in operation except as described in 6.1.4E.
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b) When maintenance personnel stop the carousel equipment for servicing, they shall
lock out all power to the motor control panels in accordance with the ANSI Z244
Lockout/Tagout procedure.

c) There are some maintenance procedures that can only be performed with power to a
carousel.  When this is the case, power to adjacent carousel motor control panels
shall be locked out in accordance with the ANSI Z244 Lockout/Tagout procedure.  At
a minimum, notification must be posted in the Operator Interface Area.  When a
carousel is stopped for maintenance or service, the starting devices, prime movers,
or powered accessories shall be locked or tagged out in accordance with the
formalized procedure designed to protect all persons or groups involved with the
carousel(s) against an unexpected restart.  Personnel should be alerted to the
hazard of stored energy, which may exist after the power source is locked out.  Refer
to ANSI Z244.1 – 1982, American National Standard for Personnel Protection –
Lockout/Tagout of Energy Sources – Minimum Safety Requirements.

d) Maintenance personnel shall replace and check that all affected safety devices,
access panels, and guards are in working order, and all personnel are clear, before
starting the equipment for normal operation.

e) When adjustment or maintenance must be done while equipment is in operation, only
trained and qualified personnel who are aware of the hazard of the carousel in
motion shall be allowed to make adjustment or perform the maintenance service.

6.1.5 Adjustments and Repairs

Any hazardous conditions discovered during periodic inspections (Section 6.1.2) shall be
corrected before the carousel system is returned to normal operation (subject to 7.3).

6.1.6 Lubrication

a) Where lack of maintenance and service would cause a hazardous condition, the user
shall establish a maintenance program to ensure that carousel components are
maintained in a condition that does not constitute a hazard to personnel.  Care
should be taken to follow the manufacturers’ recommendations concerning points
and frequency of lubrication, maintenance of lubrication levels, and types of
lubricants to be used.

b) Lubrication systems should be checked for proper delivery of lubricant per the
manufacturer’s recommendations.

7 OPERATION

7.1 QUALIFICATION FOR OPERATORS

The implementer/integrator/installer is responsible for providing “train-the-trainer”
operator and maintenance training for the user, to the standards outlined in the
manufacturer’s safety guidelines.  The user’s trained personnel are responsible for
ongoing training and monitoring of the user’s operators and maintenance personnel,
unless other arrangements are made.
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7.2 CONDUCT OF OPERATORS

a) When physically or otherwise unfit, the operator shall not run the equipment.
Operators shall not operate the equipment while under the effect of alcohol or
controlled substances, or of medications that carry a warning prohibiting operation of
moving equipment or machinery.

b) End-users shall keep the carousel area open and free of obstructions.

c) End-users shall not permit personnel to climb, step, sit, ride, or stand on the carousel.

d) Where safety is dependent upon stopping devices or starting devices or both, they
shall be kept free of obstructions to permit ready access.

e) Personnel working on or near carousels shall be instructed as to the location and
operation of pertinent stopping devices.

f) Personnel should be alerted to he potential hazard of entanglement in carousel
equipment caused by items such as long hair, loose clothing or jewelry.

7.3 OPERATING PROCEDURES

a) The operator shall not close the motor control panel disconnect switch until certain
that no person is in or adjacent to the carousel system.  If there is a warning lock or
sign on the panel, the panel shall not be energized until the lock or sign has been
removed using proper ANSI Z244 Lockout/Tagout procedures.

b) If any defects are known and adjustments or repairs are required, the operator should
notify his supervisor.  When changing shifts, the operator should alert the next
operator about uncorrected defects.

c) Before restarting a system that has stopped because of an emergency or system
fault, the operator shall determine and correct the cause of the stoppage.

d) Carousels shall be used to transport only loads they are designed to handle safely.

e) Equipment shall only be operated with all overload devices, guards, and safety
devices in place and operational.
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