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ABSTRACT
Recent and past destructive earthquakes have caused significant loss to the power 
transmission industry.  One typical failure of the electrical power system is the cracking of the 
mounted porcelain bushing.  This poster presents a study in which a 146 kV ceramic electrical 
transformer bushing was mounted onto a simulated transformer body and tested on a 2D 
shaking table for response to different types of ground motions. A wire-rope isolation system 
called WEAR was installed between the transformer body and the bushing to reduce the 
effect of earthquake forces on the bushing.  This research found that the WEAR system was 
generally effective in reducing the peak acceleration at the top of the bushing.  

BACKGROUND
Damages to power transformers of substations by recent destructive earthquakes have 
prompted for the need to find a way to seismically retrofit transformers.  The most vulnerable 
part of the whole transformer system is the mounted porcelain bushing, mainly because 
porcelain is a brittle material and has almost no energy-absorbing capabilities.  Failure of the 
bushing includes oil leak from connection-interface of transformer/bushing or the fracture of 
the porcelain body itself.  Different proposals have been made to mitigate the effect of 
earthquake motions on this system.  One proposal by Murota is to isolate the entire 
transformer system with rubber and sliding bearings [1].  In this research, an isolation device 
called wire-rope isolation system (WEAR) was used to separate the bushing from the 
transformer frame while a viscous base damping system was installed beneath the 
transformer to simulate the effect of the oil inside the transformer.

OBJECTIVES
The objectives of this research are:

1. Analyze the effect of different earthquake motions on a 146 kV electrical transformer 
bushing.

2. Evaluate the effectiveness of the WEAR isolation system

METHODS
In this experiment, a 146 kV bushing was mounted onto a simulated transformer body as 
shown in Figure 1.  The transformer frame was constructed of A500 Gr. B HSS2x2x5/16 
tubing seal-welded at all joints.  The top plate was made from ½ inch A36 plate material.  The 
bushing was placed into a 14-inch diameter holes made specifically for it.  The placement of 
the bushing is such that it provides the most flexible mounting position away from all the 
supports.  The bushing was instrumented with triaxial accelerometers at relevant positions 
along its length (See Figure 2 for more details).  A viscous base damping system was 
installed right underneath the bushing.  The connection of the bushing to this device simulates 
the effect of oil acting on the bushing.  The total weight of the bushing is 996 lbf.  In the 
unprotected condition, the bushing was connected to the top plate of the transformer frame by 
twelve 1-inch UNC high strength bolts, which were lubricated and torqued to 50 ft-lbf.

The wire-rope isolation system was fastened to the top plate and mounting flange with 1 inch 
UNC bolts lubricated and torqued to 50 ft-lbf.  Figure 3 shows the plan and elevation view of 
this system. The system was subjected to nine ground motions supplied by the UC Irvine Bi-
Axial Seismic Simulator (UCI-BASS). These ground motions include the 1940 El Centro, the 
1994 Northridge-Sylmar, and the artificial ground motion matching the IEEE design spectrum.  
They represent a wide range of frequency characteristics and were scaled to different intensity 
levels.  The specimen was tested under three different mounting conditions: WEAR-isolated 
with and without viscous base dampers and unprotected.

RESULTS
The time history graph shows that the WEAR protective system does in fact reduce the peak 
acceleration of the bushing.  For example, Figure 4 displays the time history of the table, plate, 
and top of bushing for the unprotected case of El Centro N-S.  Similarly, Figure 5 shows the 
corresponding data for the WEAR-protected case.  The protective system significantly reduced 
the peak ground acceleration for the bushing from 1.02 g to 0.289 g.  This similar reduction 
was observed for all of the ground motions tested.  Figure 6 shows the peak response 
accelerations at different locations of the bushing under the ground motion Sylmar EW-Up.  
The graph shows that the system reduces the acceleration throughout the entire length of the 
bushing.
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Figure 6: Peak response acceleration under 
Sylmar EW-Up

CONCLUSIONS
The WEAR isolation system was able to significantly reduced the peak tip acceleration of the 
bushing for all ground motions tested.  
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