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After the invention of photography, it was not long before a 
scientist realized the power of freezing motion and created high-
speed photography. The first known case is the famous galloping 
horse published in 1887 by Eadweard Muybridge. Muybridge 
proved that, at certain points during a horse’s galloping cycle, 
all the hoofs were 
in the air. These 
high-speed images 
were created with 
a single camera 
for every frame. 
This reduced the 
number of frames 
in the final movie 
to the number of 
cameras, but the 
frame rate in such a system is theoretical unlimited.  

High speed photography was quickly developed to high 
frame rates. In the 1930s a rate of 1,000 frames per second (fps) 
captured thru a single lens onto film. By introducing the rotating 
prism technique 40,000 fps was achieved soon afterwards. By 
the conversion of photons to electrons, images could be stored 
on a phosphorescent screen. With electrical deflection to store the 
images on a phosphorescent screen frame rates over 100,000,000 
fps were reached in the 1960s. 

 
tOdaY’s cameras prOvide insiGht

Today, digital CCD and CMOS cameras dominate the high 
speed photography market. The cameras save the image to 
an internal random access memory capable of storing several 
thousand frames. This enables us to capture a long sequence of 
high speed photographs to isolate events of interest. In CMOS 
cameras the frame rate can be increased by reducing the number of 
pixels saved in every frame.  The price of high speed photography 
equipment has lowered considerably the last decade. Today, 
consumer cameras capable of 1,000 fps are sold for $250. 

The laser welding community has used the technology of 
high-speed photography for a long time. In the early 1980s, high-
speed film cameras were used at Osaka University, recording 
events at 6,000 fps, and new information about the laser welding 
process was captured.  As the camera technology developed, more 
phenomenas could be observed in detail. Lately, the development 
of high-power diode laser illumination has made it possible to 
visualize the welding process in  completely new ways. The 
illumination of today is powerful enough to outshine the plume 
of evaporated metal and plasma created during keyhole laser 
welding.  

The importance of high-speed photography is best described 
by showing the results. The four frames (included here) are from 
a much longer video sequence recorded at 4,000 fps and show a 

blowout event. A blowout is a small explosion in the weld that 
creates a hole. This hole weakens the weld strength, and gives a 
bad cosmetic look to the final product. 

 This blowout was deliberately produced by laser welding a 
lap-joint of two 0.8mm thick Zn-coated steel plates, with zero-
gap configuration. The welding was preformed by a HAAS 
3006D Nd:YAG welding 100mm/s with 2.5 kW laser power. This 
welding configuration is known for the blowout problems, but is 
highly interesting to the automotive industry. 

Several thousand frames of high-speed video were recorded, 
and on one occasion this blowout event of the melt pool was 
captured.

With help of the high-speed camera, it is easy to see that 
the blowout is a millisecond event. It is also clear that the laser 
keyhole is almost unaffected as the blowout is in the melt pool. 
This is important information to anyone that tries to create a 
blowout detection system. The system must be fast enough to 
detect the blowout that is over in a few milliseconds. And, there 
is little point in monitoring only the keyhole if you want to detect 
100% of the blowouts.

In the laser community there are still many exciting 
unexplained phenomenas, which today are debated just as much 
as the gallop of the horse was before Eadweard Muybridge 
provided the final proof. By using high-speed cameras, a lot of of 
these discussions could be ended.  
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