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At Johnson and Johnson’s DePuy Synthes Raynham branch, the foundry manufactures castings of 

knee and hip replacement product parts. In the shell-making process, the final dry room is a 

temperature and humidity regulated room where parts go to dry after their final dip in the slurry. 

Out of 176 total hangers in the shell room, 47 are located in the final dry room. This puts a ceiling 

limit for capacity and creates an issue if it is full when more product needs to be moved in to meet 

dry time specifications.  

 

The goal is to reduce the minimum dry time specification in the DePuy foundry final dry room to 

increase capacity and move product through the room faster. Visually, it seems that the molds are 

dry sooner than the minimum dry time specification suggests. However, a study is needed to 

determine when the mold is actually dry and ready to move on. After discussing with Key Process 

Innovations, DePuy decided to use the KPI-DryTM unit as the method for measuring dryness. If 

the data from multiple trials shows consistent duration to reach a target relative humidity (RH) 

value and temperature, then the data can be used to support a change in dry time specification.  

 

In last year’s study, the humidity and temperature trends showed variation in dryness in different 

areas of the mold. It also showed the evaporation of the molds taking a little longer than expected, 

as shown by the temperature trends. As the water from the wet slurry evaporates off the mold, the 

temperature increases until there is nearly no water remaining. At this point, the temperature 

plateaus at the ambient temperature. After investigating the reasons for the longer rate of 

evaporation, it was found that there was poor airflow in the final dry room. In some areas, there 

was virtually no airflow at all. Airflow is necessary for mold drying as it removes moisture in the 

air surrounding the mold. The more saturated the air is with water, the fewer water molecules can 

be absorbed by the air. Therefore, the mold will dry faster if the air surrounding it is drier. To 

improve airflow, and therefore improve drying, three large barrel fans were installed in the final 
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dry room. One main goal of this year’s study is to see how the addition of the fans affect mold 

drying through measurement of relative humidity and temperature. 

 

Location 
Number 

Avg air speed before 
new fans (fpm) 

Avg air speed with 
new fans (fpm) 

Max air 
speed 

change (fpm) 

1 83 35 -48 

2 92 132 40 

3 2 70 68 

4 2 109 107 

5 47 83 36 

6 92 90 -2 

7 17 234 217 

8 64 139 75 

9 93 140 47 

10 59 547 488 

Table 1.  Average air speed (1-minute interval) comparison of 10 chosen locations in the final 

dry room, from before and after the addition of the fans. 

 

Location 
Number 

Max air speed with 
original fans (fpm) 

Max air speed with 
new fans (fpm) 

Max air 
speed 

change (fpm) 

1 144 129 -15 

2 134 245 111 

3 67 148 81 

4 83 146 63 

5 101 129 28 

6 138 154 16 

7 82 373 291 

8 83 180 97 

9 167 201 34 

10 113 763 650 

Table 2.  Maximum air speed (1-minute interval) comparison of 10 chosen locations in the final 

dry room, from before and after the addition of the fans. 

 

From looking at Table 1 and Table 2, it is clear that the addition of the fans helped the airflow in 

the final dry room significantly. It is also apparent that some locations get better airflow than 

others, which unfortunately adds variability to each mold’s dry time since the conveyors do not 
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move constantly. All in all, the overall airflow was increased, with some areas seeing nearly a 10x 

improvement in air speed. On a side note, at Location 1 it was discovered that an existing fan was 

not working which may explain the reduction in air movement.  

 

DePuy used four data loggers which allows for eight locations on the mold to be measured at one 

time in a trial. In order to expand on last year’s study, four sensors were used on the wax surface 

and four sensors were placed on the shell surface, in the same locations for the same product type. 

The chosen locations are representative of what is believed to be the best- and worst-case scenarios 

based on a combination of mold geometry, and location on the product tree. The best-case scenario, 

or area believed to dry fastest, is on the patella because it is the area on the part most exposed to 

airflow. Furthermore, due to fan placement, the outer-half of the mold should receive more airflow 

than the inner-half of the mold, and so parts on the outer-half are considered best-case as well. The 

worst-case location, or area believed to take longest to dry, is in the box because it is subject to the 

least amount of airflow since it is hidden within other features of the geometry and more likely to 

trap moisture. Additionally, sensors were placed on parts configured on the middle row of the 

mold, since the airflow may be blocked from parts above and below them. Hence, the worst-case 

scenario is the location of the box of the part in the middle row, on the inner-half of the mold. 

 

Figure 1.  Image “a” represents the configuration of a 4-mold assembly from the top view. Two  

sensors, one for the box and one for the patella, were placed at each best-case (outer half) and 

worst-case (inner half) location. Image “b” represents the configuration of the same 4-mold 

assembly from the side view. 
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To understand how the shell is drying throughout all the layers, sensors were placed at the wax 

surface and shell surface. Figure 2 shows the measurements taken at the wax surface last year, and 

Figure 3 shows the measurements taken at the wax surface this year after the installation of the 

new fans in the final dry room. 

 

 
Figure 2.  The relative humidity and temperature readings at the wax surface during and after the 

application of the final coat of slurry, before the installation of the new fans in the final dry room. 
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Figure 3.  The relative humidity and temperature readings at the wax surface during and after the 

application of the final coat of slurry, after the installation of the new fans in the final dry room. 

 

The trends in the temperature of Figure 3 show that all four locations reach the ambient temperature 

faster and more consistently than those of Figure 2. More specifically, the temperature plateaued 

about 3 hours sooner on the wax surface after the addition of the fans. This suggests the 

improvement in airflow led to a significant change in the rate of mold drying.  

 

One surprise that came with the study was the inconsistency in relative humidity (RH). The outer 

half of the mold, considered to be the best-case scenario for drying, had the highest RH in the box 

location (>80% in the entire 24-hour window) and the lowest RH in the patella location (≤50% in 

the entire 24-hour window). The patella data improved from last year’s data, while the box data 

worsened. In terms of the inner half of the mold, considered to be the worst-case scenario for 

drying, the box had lower RH than the outer-half and the patella had higher RH than the outer-

half.  
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Figure 4.  The relative humidity and temperature readings at the shell surface during and after the 

application of the final coat of slurry, before the installation of the new fans in the final dry room. 

 

 
Figure 5.  The relative humidity and temperature readings at the shell surface during and after the 

application of the final coat of slurry, after the installation of the new fans in the final dry room. 
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The temperature trends of the shell surface show less of a difference than the wax surface after the 

installation of the new fans according to Figures 4 and 5. Both temperature trends plateau after 

about 5 hours of being removed from the slurry. 

 

The relative humidity (RH) trends in the shell surface look nearly identical from before and after 

the installation of the new fans. However, the drop in RH did occur sooner after the installation of 

the new fans. In both Figures 4 and 5, the RH gets up to about 80-90% after being dipped in slurry. 

In Figure 5, it takes about 2.5 to 3 hours for the RH of the patella locations to drop to 40%, while 

this takes about 6 hours in Figure 4 for the same locations. In Figure 5, it takes about 5.5 hours for 

the box of the outer-half of the mold to reach 40% RH, while Figure 4 shows this takes a little over 

20 hours for the same location. For the box location of the inner-half of the mold, it was about an 

8-hour improvement to reach 60% RH after the installation of the fans. There is no significance to 

these 40% and 60% RH targets other than to compare the trends. 

 

It is clear that the addition of the large barrel fans created a positive impact on reducing the dry 

time for the molds in the final dry room. Big reductions in dry time are evident by the temperature 

trends on the wax surface as well as the RH trends on the shell surface. However, the disparities 

amongst the RH readings on the wax surface create some questions about how to determine what 

the acceptable minimum dry time is for the process. The wax surface RH may not be as significant 

to that determination, considering the molds get autoclaved afterwards. Possibly, the data to focus 

on most is the temperature trend of the wax surface, along with the RH trend of the shell surface 

to see when the final coat of slurry is dry enough. A larger data set, with more concrete and 

consistent results, will be necessary before making conclusions on when the molds of these parts 

are adequately dried. 


