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Switches

Switches are the unsung hero of automation L —
Responsible for signal routing —1"
Easy way to increase channel count —
Found in =

« General purpose functional test 7

« Semiconductor parametric test
« High —power fault insertion
* Radar tests
« And MORE

Chief consideration—Relay Life
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w What Is Relay Life?

\

The Basics
Variables Affecting Relay Life



11l Relay Life Basics

Relay Life

« Expected or actual duration of time that a relay can
operate reliably under its specified conditions.
* Mechanical

« Assumes no electrical load across contacts
during actuation

» Electrical
« Impacted by arcing Dynamie

« Depend on several factors: Relcpersetime St
 Relay Type Expected relay lite'®
* Operating environment Mechanical 1x108 cyces
» Load characteristics Electrical
« System Capacitance 10 VDC, 100 mADC resistive 25109 cycles
« Stress 10 VDG, 1ADC resistive 1108 cycles

« Relay lifespan can affectthe overall cost and S0P IARC este D3y

reliability of the system 60VDC,1ADC resistive 1x10% oycles

ni.com




4 Best Practices
Know the Strength & Limitations [ﬂ—[[]

of Each Relay Type

Avoid Hot Switching &
N

Use Protective Resistance to ﬂ
Combat Inrush Current

~

Use NI Software to Monitor Relay M
Health
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nl Relay Types
Relay Types Overview

Armature Reed
=i

Ex. PXI-2530B

Contacts

1
Y

\h--Armature

ni.com




1. Armature
Nl Relay Types 2. Reed
Electromechanical Armature 3 SR
Contacts
> |
! Advantages:
!\ * Low cost
v A e Ease of Use
« High voltage and current loads
Coil ---» ¢«---Armature

Disadvantages:

« Limited lifespan due to mechanical
wear and tear

* Slower to switch

Coil, when energized, creates a magnetic field to pull * Audible clicking sound
contacts closed

Failure Mechanism: Resistance build up,
unable to close

ni.com




Nl  Relay Types 1. Armature
2. Reed
Armature High Contact Resistance Remediation 3 SR

If switching very low currents with armature relays is unavoidable, there are still things that
can be done:

1. Increasethe Switching Current 2. “Buzz” the Relay
* Rapid cycling the relay to knock deposits from

relay contacts
 Actuate the device for ~1second

» Clean the absorbed/polymerized material from
the contacts

* Amount of current will vary depending on the « No fixtures or other measurement devices are
relay size needed
« Recommended to use max current « Effective for shorter time than the first method
reported in the specifications  Impacts relay life

« Power level >0 Dbm

» Too high of current can also degrade the
contact resistance

Maximum total current (switching or carry) 1A

ni.com
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Relay Types

Electromechanical Reed

Coil

Contact—, ‘ NN /l\ AN /\‘ ~— Contact
N, [ L
O

\VAVEAVAVAVAVAV \
a. Open Reed Contact Hermetic Seal

1 I

AS A WA AL A WL

S

VV VUV VUV

b, Closed Reed Contact

Two reeds physically contact when coils are energized

Inside a vacuum glass bead -> Resistant to contact
polymerization

Armature
Reed
SSR
FET

hwnhE

Advantage:

« Smaller than armature relays

* Low power consumption

» Faster than armature relays (higher
switching speed)

» Longer lifespan

Disadvantage:
» Low load voltage and low current

» Susceptible to contact damage
* Prone to inrush currents

Failure Mechanism: Welded Shut



il Relay :I'ypes ; gl‘ergiture
Solid State Relay 3. SSR
4. FET

Advantage:

« Fasterthan electromechanical relays

e Quiet due to no moving parts

o
LED | | ; MOSFET  Infinite life when used within specifications
IR L
Control L7 v |: — Higth;):itage Disadvantage:
Circuitry — High
H_ igh cost
: : * Not as robust
AL

e Susceptible to surge currents and damage

Photo-sensitive MOSFET responds to light from LED .
Isolation barrier allows relay to switch high voltages Leakage current might need to be addressed

LED restricts switching speed

Heat could be produced from the LED

ni.com
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Relay Types

FET Switch

Recommended to check the voltage across
the relay with a DMM first to avoid damage.

Advantage:

« Very fast switching rate
« Long switching lifespan

Disadvantage:

* Very easily damaged
* Only be used with low voltage (x10V)

» Voltage of the system cannot be
higher than the voltage that is allowed
to pass through the relay

1. Armature
2. Reed
3. SSR
4. FET
ITransparent to user 1
| . | com
I — I
=
| CMOS |
| Digital - | |
prive cMOS —{—ov-
| E |
| «:mu:::?s:l I
I i O NO
s — — —— —— — — — — — — —

« CMOS transistors to implement the switching

* No additional isolation between the control circuitry and the
signal path
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Relay Life Basics

Relay Types and Capabilities

Capabilities Armature Reed SSR FET
High-Power Best Better Better Good
High-Speed Good Better Better+ Best

150 cycles/s 2000 cycles/s 300 cycle/s 60,000 cycles/s
Size Better Better+ Best Best

Smallest A?E:Itq L?)r;zr;?frier Smaller than Reed Smaller than Reed
Low Path Resistance Best Better Better Good
<1Q <1 Qto 100 Q 80Qtol5 Q
- Good Better Best Best

Relay Life Moo | o | Ui | s

Cost Best Best Good Good
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1l Avoid Hot Switching

What Is Hot Switching?

« Definition of Hot Switching:

« Moving the relay when
current/voltage is applied

 Whatdoes hot switching lead to?

« High inrush current

ni.com

Current (A)

Inrush Current

Steady State
Current

v

Time (ms)



1l Avoid Hot Switching

Hot Switching Effects

Inrush current




1l Avoid Hot Switching

Hot Switching & Relay Type

Coil

Contact

| /\/\*/\/\/\'

Contact

[ L[]

lllll

Most Affected

v

Reed relays T

\VAVAVAVAVAVAV '\
a. Open Reed Contact

| /\/\/\/\/\/\|

Hermetic Seal

|z

7 \IHII!/

[T

T1 171171/
\VAVAVAVAVAVAV)

b. Closed Reed Contact

» Control v
Circuitry i

Least Affected

SSRs J

.....................

More expensive
»  Still susceptible to
surge currents

ni.com
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MOSFET

High Voltage
Load
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Avoid Hot Switching

Damage to Relays—DC vs. AC

» Relay damage worse for DC signals

« Why?

¥

« Current flows continuously in one direction

0:“;
-—e
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« Longer and stronger arcing

[N T

23
LN R
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« Greater heat and damage

‘O;"o.

 Consequence?

« Max rated switching power is less for DC than AC




1l Avoid Hot Switching

Hot Switching RF Signals

« Can damage the RF signal source due to reflected power

« Open relay leads to high impedance
* Impedance mismatch leads to power loss because power is reflected

« Terminated switches ensure that when a selected path is closed all other paths are terminated
with 50/75 Q loads

« Avoid switching during transmission

Source Load
——————————— | S
P. P
ZS in out
> / Z, \ I
=\)" )
Preﬂected

ni.com
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Avoid Hot Switching

How to Avoid Hot Switching

%

API

Carefully coordinate switching sequence using:

ni.com

Time delays between switching operations
v Allow proper settling time

v" Reduce instances of cross talk or
interference

v Facilitate cooling

Overvoltage protection

* Receives input from voltage sensing
circuits

« Disables power supply, shuts down
system, or sends alerts when
threshold is exceeded

trigger input (External)
L

1 - Open ses
|2 - Configur:

sion to switch module and set topology.
e Trigger Input (should be same as destination of Measu

DMM]) and Scan Advanced output (not used in synchronous scanning).
3 - Loop thro
ecify sc

ugh scan list continuously.
an list.

rement Complete from

NESHITCH

€ name
ER
m Absolute ¥
range
||E »

sample interval (se

<)

DMM to acquire mulitple measurements (Sample Count) at regular

ion (should be same as erigin of

1- Open session to DMM.
L | 3 = ?nnilgule measurement type, range, and resolution,
B interval (Sample Interval).
4 - Configure | Complet
A: Switch configuration. Trigger Input on switch).
B: DMM configuration. 5 - Confi polarity of h Complete,
C: Switch initiation. B - Initiate DMM,
D: DMM initiation, measurements, and DMM closing. 7 - Return measurements.
E: Switch closing and error display (if any). 8 - Close session to DMM.
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Use Protective Resistance to ﬂ
Combat Inrush Current




Ml  Use Protective Resistance to Combat Inrush Current

Switching Capacitive Loads

Protective resistors limit inrush current due to switching in capacitive load

Everything has capacitance:
« DMM / Power Supplies/ SMU / Cables

High inrush can cause relay contacts to weld shut requiring relay replacement

Inrush current is proportional to:
(1) changein voltage
(2) capacitance

Resistance limits how long the inrush current lasts R,

Ohm’s Law for a capacitor

_ A
PV 4

X m

ni.com
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Demo

= Observing Inrush Current in Real Time
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Demo Set Up

c1 rl
" TB-2641
PXle-41 PXle-2532B 1-wire, 100 mQ Sense
cO 8x64 ro M/ N

ni.com




With 100CQ2 Protection

« 250 mV spike w/o protectionresistors, lasts 1 uS
n « 125 mV spike w protection resistors, lasts 542 ns
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Use NI Software to Monitor Relay M
Health




Il Use NI Software to Monitor Relay Health

Load
Capacitance (pF)
« Predicting relay life less straightforward and depends . o
1ES T
on the type of load I
4 400
 Purely resistive loads ' R
+ 200
« Capacitive loads Volts 1e8 €
11255? ______ e 1100
. . . 100 T 80
« Mustaccount for statistical variations on relays ok R e T
xS Lo
v Predictive maintenance is key @ - . 130
1E8
5 1E9 1E® 110
3 No Protection _ 100%
Protection

Figure 3. Reed Relay Lifetime Nomograph

ni.com PXle-2532




Il Use NI Software to Monitor Relay Health

NI Software for Relay Monitoring

v NI-MAX

v" NI Switch Health Center

Programming
Environment

v' LabVIEW using subVIs

ni.com




Il Use NI Software to Monitor Relay Health

NI-MAX

m & NI PXI-2532 "SWITCH" - Measurement & Automation Explorer — O *
« Checkrelay counts
v B3 My System = e Refresh | Configure.. | +3 Reset @'J Self-Test [ Test Panels... | =EF Device Pinouts » ¥ Hide Help
[&l Data Meighborhood -
v ﬁ" Devices and Interfaces Back E v
v MI PXle-1082 "PXIChassis1" Settings |
« Can search by name e | :
ns r n T: NI PKle-8135 Tjoshdey ES NI-SWITCH Soft Front Panel - O x
& 1: Built-in GPIB "GPIBD" Mame
R 2 NI PXle-5442 "FGEN" Vendor | T HElp

H 2: NI PXle-5105 "PXI15lot2"
H 3: NI PXle-4139 "PXI15l0t3"

* Reset countfor new relays Bnpcsscone | S e 7o

Slot Numbj
H 4 NI P¥le-4140 "SMU4"

Madel Device |SWITCH « | Topology |2532/1-Wire SxG64 Matrix v ||

B 5: NI PXIe-6548 "Den3" PCI Bus Relay Information
D 5 NI PXIe-4140 “SMU40UT" PCI Device Relay Mame Relay Position | Relay Count A
* Cycle count =# of times relay has been B ompoemin prsar | | e X s
— 1 _ " -- roc pene
y y S BN - e vaprows | S
= . " " kbOroc3
C | OS e d a.n d 0 p e n e d izztlolT;:-Rm 53:111" . ka:D; ) Caution: Clicking CK resets a relay count and invokes a
N W kbOr0cs g | hardware reset on the active device! Befo_re resetting a relay
T Nonkcoins KOO | ol oxtamd omictions o th docer
> é :\e;b::i)tr:h[};el:::ive‘u’irtua\ Devic kbOrocy | '
M - khi
« Counts stored on switch hardware in ! & s s | e
v Orocio | v
nonvolatile storage such as EEPROM or | ##=s== ot
. . e
flash, and are backed up periodically as
< 3 | = Settings i O Cancel

well as on system shutdown

ni.com




Il Use NI Software to Monitor Relay Health

Replacing Your Relays S

) @ = B
Hide Locate Back Forward Options

* Replacementinstructionsin NI Switches |gerers|idex|search|Favortes| NI PXIe-2526 Relay Replacement A

® W NI Switches Help ) () The NI PXIe-2526 uses electromechanical armature relays.
H el p ap p 2 Related Documentation Refer to the following tables for information about ordering replacement
@ Fundamentals relays. Use relays of the same brand that you are replacing.
@ Getting Started
= (0 Devices Relay Manufacturer|Part Number
. . . & NI 2810 Tyco 1462043-6
* Includes instructions on resetting ® N 2511
. & NI 2812 Relay Kit Part Number
CO u nt In N I - MAX & NI 2813 National Instruments (10 relays, Tyco)|782461-10
:E: g::‘lg Complete the following steps to locate, remove, and replace a failed relay.
& NI 2816 Locate the Relay
. . & NI 2817
« Replacement Kits contain 10 relays ® 2533 L Groundsourseli g o gronding s o o roud connected o
@ NI 2834 a Note Properly ground\'ng yo_urse\f prevents damage to your
@ NI 2865A module from electrostatic discharge.
:s: Ei:'ggl‘?;fzsoa 2. Lt;n:datebtlhef re\ayl' yoTJ want to replace. Refer to the following figures
- - - and table for relay locations.
o TO O rd er VI S It @ NI PXI/PXle-2512
. @ NI PXI/PXle-2514 NI PXIe-2526 PCBE 1
https://www.ni.com/en/contact-us.htmi » &N PUPeasts W=
@ @ NI PXI-2521 @& S 78 | 2 7R S B8 TR R .n:.o:%
@ NI PXI-2522 Ce e el el 0 S o
. . . . @ @ NI PX-2523 s | [ros | [k [ee fe] O L=
® FOI‘ more InfOrmatIOH VlSlt HOW tO & NI PXle-2524 %%%%2 EZ%D o
— @ NI PXle-2525 [ o] e [ [ o] s ] 2 DD
Replace a Relay on Your Switch N PXezss el el A0 ) oo
ront Panel el o lele & S0 5
[2 Hardware Diagram e Py |y [ Ty pwealpmen o o
gLWire 158x1 Multiplexer ] ] v e o] o] B o
H . - 2-Wire 79x1 Multipl 1 Ner w7z | Mes 1 [era | = ©
« Eliminate hassle with system return - i 5 e R
; : ) @ NI PXI/PXle-2527 o "o S
material authorization (RMA) ® N PXiPXie 2528 ol e = N

ni.com



https://www.ni.com/en/contact-us.html
https://www.ni.com/en-us/support/documentation/supplemental/18/ni-switch-replacement-relays.html
https://www.ni.com/en-us/support/documentation/supplemental/18/ni-switch-replacement-relays.html
https://www.ni.com/en-us/shop/services/hardware/repair-replacement-services.html
https://www.ni.com/en-us/shop/services/hardware/repair-replacement-services.html

Il Use NI Software to Monitor Relay Health

NI Switch Health Center

« Monitor relay health and failure modes through

. gNIS\Mtch Health Center for SwitchBlockl Carrier EI@|
integrated relay test:
.
Sot1 | stz [ siots | siot+ [ sbts | sere |
Model: MIZB11A
. . Serial Mo 0x0
/ B aS I C fu n Ctl 0 n al test 73 Relay S Name Condition Count -
KiZ K41 krard1r2e20  Pass 0
(7] K4z keardirlc2  Pass 0
g; K43 keard1rlcs  Pass 0
[55) K44 keardirlcd  Pass 0
. . . = K45 keardirlcll  Pass 0
v’ Test to determine change in resistance 2 o
g [ K47 keard1rlcl?  Pass 0
g; ] keard1r2cld  Pass 0
e K43 keardlabz - Stuckclosed 0
K11 K50 keardir2e0  Stuckopen O
E:g K51 keard1rze3  Pass 0
- - 5 K52 keardir2cé  Pass 0
« HTML Reportis generated along with a i
gg K54 keardlrzelz  Pass 0
- - s K55 krardir2els  Pass 0
detailed di agram o €6 ladisis b
K177 K57 keardlab3  Pass ] -
Completed
Test Again ] [Ganerate Repork

« Shipped on all NI SwitchBlock modules and
select PXI Switch Modules

ni.com




Il Use NI Software to Monitor Relay Health

LabVIEW

« Use example VI from library (niSwitch Get Relay Count.vi)

Front Panel Block Diagram

ni.com
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Demo

= Get Relay Count
= NI MAX
= LabVIEW




w NI Switch Executive

\

Management & Routing App Software
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NI-Switch Executive —

File Edit View Tools Help
&) show/Hide Tree | Save |’ Revert < lmport % Export [f Validate % TestPanel 3H DebugPanel 2| Generate Report 38 Bstch Rerame [ Options 9 View Help &¥ Show Help

 Switching software for automated test T DlEr— A
equipment (ATE) systems

SwitchBlock1Dev2  2811/1-Wire 2x21 Matrix
SwitchBlock1Dev3  2311/1-Wire 8x21 Matrix
SwitchBlock1Devd  23711/1-Wire 5x21 Matrix

RouteGroupd

* Provides interactive configuration and
automatic routing capabilities that make it
easier to design a switch system

mmmmmmmmmmmmm
fffffffffffffffffffffff

« How does it work? ==

 Create virtual device which serves as -
the software configuration of your S e S S —
switch

. Efcr;ﬁ;?fngha””e'sg‘ apply route v' Reuse test code in LabVIEW, LabWindows™/CVI,
Measurement Studio, & TestStand

* \alidate in simulation mode

- Download Here

. « Export & edit configuration in Excel
ni.com



https://www.ni.com/en-us/shop/software/products/switch-executive.html

nl

Summary

= 4 Best Practices:
1. Know the strengths and limitations of each Relay type
2. Avoid Hot Switching
3. Use Protective Resistance to Combat Inrush Current
4. Use NI Software to Monitor Relay Health

= Use NI Switch Executive for switch system configuration

Check out this guide on Switching and Multiplexing to ensure
you're creating a successful automated functional test system.



https://www.ni.com/en/forms/switching-multiplexing.html
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Give us your feedback!
Quick 2 Question Survey

= TueMay2s 57 Q < Tue May 23
MAY MAY % Add to Schedule ) ical 9. Check In
22 24

Optimizing Validation Processes: Building H 13
Complex Test Systems with Distributed I/O C I | C k Ta ke th e
Tue May 23 10:15 AM - 11:15 AM

9 Map Meeting Room 19B SeSS Ion S u rvey”

Aerospace & Defense - Technical Session

I N the mo b | |e ap p . 10:15 AM Multichannel RF Data Recording

11:15 AM and Analysis

Clle Into the 9 Meeting Room 19A

& Aerospace & Defense -

SeSS|On you Would Technical Session

. E 10:15 AM Optimizing Validation Processes:
| I ke tO p rOVI d e 11:1; AM Building Complex Test Systems

with Distributed I/O

feed baC k for 9 Meeting Room 19B

@ Aerospace & Defense -
Technical Session

Take Session Survey

In this session, learn to improve efficiency
and reduce non-recurring engineering costs
in validation labs by connecting multiple
distributed line-replaceable unit (LRU) test
systems. Also learn how to abstract LRUs
and construct complex test systems faster
and more efficiently using existing
distributed 1/0 and edge computation
technology.

10:15 AM Panel: Continuous Integration (Cl/
11:15 AM CD)—Don't Leave Home without It

Q9 Meeting Room 12A

& Programming Essentials -
Technical Session

10:15 AM Using Python and TestStand to
11:15 AM Boost Your Test Development

9 Ballroom G

@ Product & Technology +
Technical Session

10:15 AM What Does Left Shifting Test
11:15 AM Mean in the NI Ecosystem?

9 Meeting Room 18A
€ Janspadationadachnical Session
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