
INTRODUCTION
In 2013 Electroimpact was tasked with building a horizontal 
fuselage riveting machine for the COMAC ARJ-21. This 
regional jet is currently being built in China at the Xian Aircraft 
Company (XAC) factory with an almost completely manual 
process. With an emphasis on improving rivet quality and 
increasing rate, XAC ordered an E7000 Horizontal Riveting 
Machine and asked EI to develop a full tooling solution for all 
17 panels of the ARJ Forward, Mid, Aft and Tail fuselage 
panels.

TOOLING CONCEPTS
To address the tooling challenge, Electroimpact looked towards 
previous solutions for this style of machine. It was decided that 
dedicated tooling frames (specific to each panel style) would 
require too many high cost welded/machined aluminum 

frames, as well as storage for these large frames. A concept 
using individual form boards that could be directly mounted to 
the part holding fixture was also explored. These form boards 
would be specific to panel curvatures, not individual panel 
styles, and would have movable edge clamps to accommodate 
different panel widths. For straight panels, this concept worked 
very well. However, with the complexity of tapered aft and tail 
panels and their unique curvatures, it was calculated that 50+ 
different form boards would be required. Again storage for 
these form boards became a concern, as well as the time it 
would take to re-configure the tooling for a new panel style. 
Because of their required size, these form boards would have 
to be loaded via crane or special lifting equipment.

Electroimpact decided to pursue a flexible tooling solution that 
could index any panel style, and would be easily and quickly 
reconfigured without the use of lifting equipment. EI currently 
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utilizes this panel indexing style in semi-automated and fully 
automated “flex fixtures” used for indexing wing panels 
vertically in stage 0 cells. It was decided that a fully manual 
tooling solution for ARJ-21 would be developed, and the 
challenges specific to indexing a fuselage panel in a horizontal 
riveter would be addressed.

MACHINE STRUCTURE
The general machine structure of the E7000 is shown in Figure 
1: Machine Structure. The machine can be broken into 2 main 
sections: the gantry structure houses the X, Y and V axes, and 
the part positioner houses the rigid “picture frame” and the Z1, 
Z2 and A axes. The B axis is a simulated axis, and is adjusted 
by varying the height in the Z1 and Z2 axes.

Figure 1. Machine Structure

Picture Frame Structure
The picture frame structure sits between the two part positioner 
towers and maintains the part's orientation during moves and 
drilling/riveting operations. The picture frame on the E7000 
utilizes a large cross section and low weight construction to 
decrease deflection and increase natural frequency. These are 
both important factors in a horizontal riveting machine as the 
deflection of the part can lead to increased move and re-sync 
time, and low natural frequency increases the settling time of 
the part.

Figure 2. Picture Frame Structure

Rails that run the entire 10m of the working envelope of the 
Picture Frame are mounted directly to the structure. In addition, 
there are index holes drilled into the structure that are used to 
locate several aluminum index plates.

ADJUSTABLE/FLEXIBLE TOOLING
The tooling for the E7000-ARJ flexible tooling is comprised of 3 
main components that work together to index, hold and 
maintain a panel's curvature. These components are:

•	 Form Boards and X Location Plates 
•	 Slider Indexes 
•	 Panel Edge Clamps

Figure 3. Picture Frame Components

To maintain flexibility, all indexed locations are set by 
removable aluminum index plates with pinoff bushings. 
Because of the quantity of different panel styles required to be 
tooled (×17), this was a key feature in being able to reach 
customer requirements. In addition, this style of indexing allows 
for new styles of panels to be indexed by making new 
aluminum index plates and replacing old ones.

Figure 4. Form Board Components

Another key feature of the tooling is that all major components 
of the tooling stay permanently mounted to the picture frame. 
Once assembled, no large form boards or indexing frames 
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