§\
~~
M gy
N~
NS
NS
NS
My
)
ey
St Wy
—
==
==
—_—
==
—
—
\\
—
\‘

-
—
—_——
f——
—
—
i
—_—=
—_—=
—_—=
T
—_——

WHITEPAPER

OPTIMIZING MULTI-PUMP
SYSTEM PERFORMANCE:

A Comparative Analysis of
Starter Configurations

Weg

Learn more about WEG



https://www.weg.net/catalog/weg/US/en/Drives/Software/Pump-Genius/c/GLOBAL_WDC_DRV_SW_PUMPGENIUS

INTRODUCTION

The efficient and reliable operation of water
transfer systems is paramount across the
various types of water treatment and
distribution applications and pump systems.

Critical to the performance and longevity of
these systems is the selection, design and
operation of the correct motor starting and
control methodologies, particularly in
scenarios requiring multiple pumps to

meet variable demand.

This paper aims to delineate the benefits
and considerations associated with distinct
pump system designs, focusing on various
starter configurations, to guide engineers
and system integrators in optimizing system
performance, mitigating operational risks,
and reducing total cost of ownership.

The discussion will encompass key design
factors and the explore applications involving
systems employing parallel across-the-line
starters, parallel soft starters, and configu-
rations featuring multiple variable frequency
drives (VFDs), alongside an exploration of the
crucial role of Programmable Logic Control-
lers (PLCs) in ensuring system resilience and
functionality.




FACTORS GOVERNING MULTI-PUMP
SYSTEM DESIGN AND CONTROL

When designing and implementing multi-pump systems, several critical factors necessitate
careful consideration to ensure optimal functionality, energy efficiency, and operational stability.
These factors directly influence the selection of motor starters and control architectures.

Key considerations include:

Demand Variability:

The extent to which water demand
fluctuates over time is a primary
determinant. Systems with relatively
constant demand may benefit from simpler,
less complex control schemes, whereas
highly variable demand necessitates more
sophisticated control to maintain process
stability and energy efficiency.

Equipment Longevity and Maintenance:
The starting method significantly affects the
mechanical and electrical stress on motors,
pumps, and associated piping

infrastructure. Controlled starting and
stopping can mitigate wear and tear and
extend equipment lifespan and reduce
maintenance costs.

Installation and

Commissioning Complexity:

The technical expertise required for
installation, configuration, and
commissioning varies significantly
between different starter configurations.
Simpler systems generally demand less
specialized knowledge.

Energy Efficiency Requirements:
Minimizing energy consumption is a
significant driver in modern industrial
operations. The choice of starter directly
impacts motor efficiency, especially under
partial load conditions.

System Redundancy and Reliability:
The ability of the system to continue
operation in the event of a component
failure is crucial in critical applications.
The control architecture should ideally
incorporate mechanisms for failover and
automatic switching to maintain service
continuity.

Capital Expenditure (CAPEX) and
Operational Expenditure (OPEX):
The initial cost of components (CAPEX)
must be balanced against ongoing
operational costs, including energy
consumption, maintenance, and
potential downtime (OPEX).




THREE CONFIGURATIONS FOR
MULTI-PUMP SOLUTIONS

The strategic selection of motor starter configurations for multi-pump systems involves a
trade-off between initial capital outlay, operational efficiency, control granularity, and system
resilience. Three primary approaches can be employed to create a robust and efficient
multi-pump solution:

Multi-Pump System with One VFD and
Parallel Across-the-Line Starters

This configuration represents the most economically viable option for multi-pump control.

It comprises a single Variable Frequency Drive (VFD) paired with multiple across-the-line (ATL)
starters operating in parallel. The rationale for its cost-effectiveness lies in the singular VFD unit,
which typically represents the most expensive component in advanced motor control systems.
Across-the-line starters, being the most basic and least expensive method for motor initiation,
contribute significantly to the overall lower capital expenditure.

Operational Overview

In this setup, the single VFD is typically dedicated to controlling one primary pump, allowing for
precise speed and flow modulation. When additional pumping capacity is required, the control
system engages one or more of the other pumps via their respective across-the-line starters.
These ATL-started pumps operate at full speed, contributing fixed flow. This configuration is
particularly well-suited for applications where the system demand is relatively stable with
minimal variation. For instance, in scenarios where the baseline demand is consistently met by
one VFD-controlled pump, and additional pumps are engaged only intermittently for peak
demands that do not fluctuate significantly, this design proves effective. The constant speed
operation of the ATL-started motors aligns well with consistent demand

profiles, where frequent speed changes are not necessary.

Maintenance and Reliability Factors

From a maintenance perspective, this system is generally less complex to manage.

The simplicity of across-the-line starters and the presence of only one VFD contribute to
an easier understanding and
maintenance protocol for
technicians. However, a critical
drawback of this configuration

is the inherent single point of
failure. The VFD, whether it
incorporates an integrated

PLC or relies on an external

PLC for control, represents a
singular critical component.

Should this VFD or its

associated control unit fail, the
entire pump system will cease =
to operate, leading to potential
downtime and disruption.




Multi-Pump System with One VFD
and Parallel Soft Starters

This configuration offers a slight increase in initial cost compared to the ATL
starter approach, primarily due to the inclusion of soft starters. The fundamental
difference lies in the ability to initiate pump operation smoothly using the soft
starters, which is beneficial when a continuous minimum demand for at least
one pump is always anticipated.

Operational Overview

In this system, the soft starters are responsible for gradually ramping up the
motor speed, thereby mitigating the detrimental effects of high inrush currents
and mechanical shock associated with direct across-the-line starting. This
controlled acceleration is crucial for preventing damage to critical system
components, including pumps, valves, and header piping, which are designed
to manage water flow in a specific manner. Once the soft-started pump
reaches its full operational speed, the VFD can then be utilized to trim
additional demand by precisely controlling the speed of another pump.

This hybrid approach combines the benefits of soft starting for equipment
protection with the fine-tuning capabilities of a VFD for demand-response.
The ability to prevent damage through soft starting directly translates into lower
maintenance costs and reduced unscheduled downtime.

Maintenance and Reliability Factors

Similar to the previous configuration, this system also presents a single point
of failure, typically residing within the VFD (either with an integrated PLC or an
external PLC). The failure of this central control element will render the entire
pump system inoperable. While the soft starters enhance equipment longevity,
they do not inherently provide system redundancy.

7 _ZT. ‘:ll
5
L /S | A
o ] oo (R o R o (R
| R BT iy
= —— 1ji41—- = — | S ==/ |
e 5 T'Lr b
[Ruie , o E o E E[HELT




Multi-Pump System with Multiple VFDs

This configuration represents the most significant initial investment among the
three options. However, this higher capital expenditure is often justified by the
unparalleled level of control, superior efficiency, and enhanced reliability it
provides, making it the most frequently adopted solution in the market.

Operational Overview

In a multi-VFD system, each pump motor is equipped with its own dedicated
VED. This allows for independent and precise speed control of each pump.
The system can run multiple VFDs in parallel, enabling highly efficient
demand-response. This means that as demand fluctuates, individual pump
speeds can be adjusted or additional pumps can be brought online (or taken
offline) with optimized speed control, leading to significant energy savings.
The granular control offered by individual VFDs is invaluable for applications
requiring tight process control, such as maintaining precise pressure setpoints
or managing critical flow rates.

Maintenance and Reliability Factors

While the commissioning process for a multi-VFD system can be more
intricate due to the increased complexity of integrating and programming
multiple drives, the operational maintenance once the system is running is
generally not complex. Furthermore, when implementing VFDs with a built-in
PLC (more on that below), this configuration offers the highest level of reliability
and uptime. This type of multi-VFD solution does not suffer from a single point
of failure. If the VFD designated as the primary controller experiences a fault,
the system can automatically transfer control to another operational VFD within
the network, ensuring continuous system operation and minimizing downtime.
This inherent redundancy is a significant advantage in mission-critical
applications where uninterrupted service is paramount.
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THE CRITICAL ROLE OF PLCS IN
MULTI-PUMP SYSTEMS

The effective orchestration of multi-pump systems, regardless of the chosen starter
configuration, is fundamentally reliant on the intelligent control provided by
Programmable Logic Controllers (PLCs). The location and architecture of the PLC within
the system design significantly impact overall system reliability and fault tolerance.

If the PLC is deployed as a standalone unit, separate from the devices it controls
(VFDs, soft starters, or ATL starters), it invariably becomes a single point of failure.
A malfunction in this central PLC would bring the entire pump system to a halt,
irrespective of the health of individual motor control devices.

Q PLC as a Single Point of Failure

fé. ) Integrated PLCs in Single VFD Systems

In configurations featuring only one VFD, such as the single VFD with parallel ATL

R~ starters or soft starters, the PLC functionality can often be integrated directly into
the VFD itself. This integration simplifies the setup and commissioning processes
by reducing the number of discrete components and streamlining communication
pathways. However, even with an integrated PLC, the VFD remains a single point
of failure. If the VFD unit fails, the entire system will be incapacitated.

Redundancy through Integrated PLCs in Multi-VFD Systems

The multi-pump system with multiple VFDs offers a distinct advantage regarding
PLC functionality and system resilience. When each VFD in such a system
incorporates its own integrated PLC, the architecture inherently eliminates the
single point of failure associated with a centralized PLC.In this distributed control
scheme, if the VFD designated as the primary controller experiences a failure,

its integrated PLC can automatically transfer control of the system to another
functional VFD within the network. This seamless transfer of control ensures

that the pump system continues to operate without interruption, significantly
enhancing uptime and reliability. This distributed intelligence is a cornerstone

of robust, fault-tolerant multi-pump systems.
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SUMMARY

The selection of an appropriate starter
configuration for multi-pump systems is a critical
engineering decision that profoundly impacts
efficiency, reliability, and operational costs.
While the multi-pump system with one VFD and
parallel across-the-line starters offers the
lowest initial capital expenditure, its applicability
is limited to scenarios with stable demand and
a high tolerance for single points of failure. The
inclusion of soft starters provides enhanced
equipment protection, reducing maintenance
costs, but still retains a single point of failure.
The multi-pump system with multiple VFDs,
despite its higher initial cost, emerges as the
most sophisticated and efficient solution. Its
ability to provide precise control, achieve
superior energy efficiency, and eliminate single
points of failure through distributed PLC
intelligence makes it the preferred choice for
demanding applications where reliability and
uptime are paramount. The strategic integration
and distribution of PLC functionality are key to
unlocking the full potential of these advanced
pump control architectures, ensuring resilient
and optimized fluid transfer operations across
diverse industrial landscapes.
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