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1. GEMI Historical Review

The GEMI (Grounding and Electro-Magnetic Influence) program facilitates the design of
steel conduit enclosed power circuits. The first three releases of this program (1994-
1998) were compatible with the IBM PC with the DOS operating system. In 1999, the first
Windows version was released (see Table 1.1) followed by two other releases in 2002
and 2004. A major software update was undertaken in 2018, which resulted in the present
version (GEMI 3.00) released in 2020.

Table 1.1: GEMI Release History

Year Released Version oS
1994 SCA.1
1996 GEMI.1 DOS
1998 GEMI 2.4
1999 GEMIW 1.0
2002 GEMI'W 2.0
Windows
2004 GEMIW 2.2
2020 GEMI W 3.0

GEMI is based on a mathematical model known as Finite Element Analysis. This
method takes into account the electromagnetic fields developing in and around conduit-
enclosed circuits and evaluates the effectiveness of steel conduits in limiting EMI and
providing a low impedance earth current return to fault currents.

The original GEMI model was developed in the late 1980s. The original model was
validated by extensive laboratory and field tests performedinthee ar | y ($e2 Biduiie s
1.1).



Figure 1.1: Field Tests for the Validation of the Original GEMI Model

During the period 2018-2020 a new version of the GEMI model was developed, providing
several enhancements over the original model including:
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Modeling of non-concentric arrangement effects

Use of English or metric units.

Automatic default settings based on NEC article 250.
Conduit fill factor computation

Detailed circuit cross-section view with EM field displays.
Visualization of EM fields along any user selectable path.
Increased accuracy and computational efficiency.

The new model was validated by conducting new field and laboratory testing (See Figures
1.2 and 1.3). The tests performed in December 2019 and additional tests in 2019. The
detailed test report and verification can be obtained from STI. A summary of the results
id given in Appendix D.

The new user interface developed for GEMI version 3.00 is described in the next section.



Precision Current
Sampling Resistors

Phase
Source ———— Neutral

Safety Ground Conduit/Conductors under Test

Thermistors

=

Ground

—— 3 Current Channels

Voltage Channel )
4 Temperature Channels

(@)

Figure 1.2: High Current Field Test Setup i December 2018

(a) Test Setup Block Diagram
(b) Test Setup View
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2. The GEMI User Interface

The GEMI main window is illustrated in Figure 2.1. It provides seven functions, which
illustrate the performance of a single steel conduit enclosed power circuit:

1. Allowable Conduit Length

Allowable Length versus Arc Voltage

Impedance versus Current

Magnetic Field and Permeability

Conduit with Suppl. Ground Conductor

Allowable Circuit Length w/o Conduit

Fault Current at " Source Power o

Nogakwd

The GEMI function is selected by clicking on the radio buttons located under the Select
Function title (See Figure 2.1)
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Figure 2.1: Function Selection Radio Buttons
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The input data required for each function are entered in the blocks titled:

1 Phase Conductor Parameters
1 Ground Conductor Parameters
1 Conduit Parameters, and

1 System Parameters

The phase and ground conductor parameters include:

1 Conductor type and size (selected from tables)
1 Conductor x and y coordinates

1 Temperature

1 Insulation thickness

Coordinates, temperature and thickness are entered in English or metric units. Units are
selected by radio buttons i Bee¢iguree2d). Whed éhe
conductor coordinates or the insulation thickness is modified, the cross-section view
drawing is automatically updated. The conductor positions can also be edited by moving
the conductor images in the cross-section view using the mouse. Note that conductors
must not be overlapping. Furthermore, all conductors must be located inside the
conduit.

The circuit section view can be zoomed and panned using the mouse wheel and the right
mouse button respectively. Conductor selection is made using the left mouse button. A
left button double click on a conductor opens the conductor selection library window. The
Reset Zoom button re-centers the image to the default position.

The Plot button opens a field plot window, which displays the computed magnetic field
along a user specified path (See Figure 2.2). The path is indicated by a red line (or circle)
appearing on the circuit cross-section display. The path can be modified using the mouse.

A number of radio buttons located on the field plot window allow the selection of the
plotted quantity, namely:

1 Magnetic scalar potential (A)
1 Magnetic flux density (B)

1 Magnetic field intensity (H)
1 Current density (J)

1 Relative permeability (¢)

Additional radio buttons select the plot path shape (straight line or circular), the plotted
field component direction (parallel or perpendicular to the path), plot-scaling mode
(automatic or fixed), and the plot interpolation mode (linear or none).

The seven GEMI computational functions are described in Sections 3 through 9.

t
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Figure 2.2: Field Plot Window Example




3. Allowable Conduit Length

The Allowable Conduit Length function computes the maximum length of a steel conduit
enclosed circuit that will ensure fault current is higher than a specified level. The required
input data for this function are:

1 Phase Conductor Type, Size and Temperature
Conduit Type, Size and Temperature
Operating Voltage

Arc Voltage

Fault Current
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Figure 3.1: Allowable Conduit Length Function
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4. Allowable Length versus Arc Voltage

The Allowable Length versus Arc Voltage function generates plots of the permissible
circuit length as a function of arc voltage for three electric current levels

Input Data:

1 Phase Conductor Type, Size and Temperature
1 Conduit Type, Size and Temperature

1 Operating Voltage

1 Current Range of Interest

P 7 GEMI - Single Circuit Analysis, 3.00 - February 7, 2020 X
GEMI M Eantion] Clo68) Copy Print Help Options About Authentication
Select Function - Maximum Allowable Steel Conduit Length Close
"~ Allowable Conduit Length AN Conduit EMT 2INCH(53) at 25.00 C° g - ) TG
= Allowable Length vs Arc Volts Plot perating Voltage (Volts) .00 Volts
R == Conductor COPPER 2/0 at 25.00 C°
~ Magnetic Field & Permeabiity - Metric |
© Steel Conduit with Suppl, Ground Conductor | © ENgish | 900 Arc Voltage
~ Allowable Circuit Length Without Conduit il Factar 300.00A 25.791
© Fault Current at "Source Power’ 10.01 % 45000 A Max. Lenath
ResetZoom |  pEpcid ™ ColorGid T pe = 600.00A ax-f e‘ng
Z 750 75000A (=t
| Phase Conductor Parameters Ground Conductor Parameters k3 200.0%
Typs | COPPER Type | FE £ li
|
sae | 20 size | GE': 686.25
Temperature | 2500 ¢? Temperature [ 2500 ¢° = 600 300.0%
X-Coordinate | 0017 Inches X-Coordnte [ 0411 Inches 2
Cente center |- 5
o erirae [—555irews || 2| Coorise [0 s e 495.10
! Insulation Thickness 0118 Inches Insulation Thickness 0118 Inches § 450 400.0%
Conduit Parameters o l;vislesrr;‘Pa‘ram?;rnsu - E 394.35
| ereLrren! & Sefting res
| Tl EMT Multplier [ 5.000 _.&: % 500.0%
¥ Condult Size [ 2INCHI53) Faut Cunent | 75000 Amperes = 300 32952
NEC 250 |7 ] Operating Votage [ 12000 Voiis :
- Fault Current
150 <, i i . . T ] % of Overcurrent
Plot ‘ 0.00 10.00 2000 30.00 40.00 50.00 60.00 Device Setting
Analysis Completed Arc Voftage (Volts)

Figure 4.1: Allowable Length versus Arc Voltage Function
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5. Impedance versus Current

The Impedance versus Current function generates tables of plots of the circuit impedance
as a function of electric current.

Input Data:

1 Phase Conductor Type, Size and Temperature
1 Conduit Type, Size and Temperature
1 Current Range of Interest

Figure 5.1: Impedance versus Current Function
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