
See	discussions,	stats,	and	author	profiles	for	this	publication	at:	https://www.researchgate.net/publication/276844702

Dependence	of	ESD	Charge	Voltage	on	Humidity
in	Data	Centers	(Part	1	-	Test	Methods)

Article	·	January	2016

CITATIONS

2

READS

90

6	authors,	including:

Mahdi	Moradian

Iran	University	of	Science	and	Technology

27	PUBLICATIONS			87	CITATIONS			

SEE	PROFILE

David	Pommerenke

Missouri	University	of	Science	and	Technology

284	PUBLICATIONS			1,782	CITATIONS			

SEE	PROFILE

Available	from:	David	Pommerenke

Retrieved	on:	18	April	2016

https://www.researchgate.net/publication/276844702_Dependence_of_ESD_Charge_Voltage_on_Humidity_in_Data_Centers_Part_1_-_Test_Methods?enrichId=rgreq-c7c37b9f-8f3f-4176-b2c8-a209cda977eb&enrichSource=Y292ZXJQYWdlOzI3Njg0NDcwMjtBUzoyMzA1MzM4NTQ2NTg1NjBAMTQzMTk3NDk2MjYxOQ%3D%3D&el=1_x_2
https://www.researchgate.net/publication/276844702_Dependence_of_ESD_Charge_Voltage_on_Humidity_in_Data_Centers_Part_1_-_Test_Methods?enrichId=rgreq-c7c37b9f-8f3f-4176-b2c8-a209cda977eb&enrichSource=Y292ZXJQYWdlOzI3Njg0NDcwMjtBUzoyMzA1MzM4NTQ2NTg1NjBAMTQzMTk3NDk2MjYxOQ%3D%3D&el=1_x_3
https://www.researchgate.net/?enrichId=rgreq-c7c37b9f-8f3f-4176-b2c8-a209cda977eb&enrichSource=Y292ZXJQYWdlOzI3Njg0NDcwMjtBUzoyMzA1MzM4NTQ2NTg1NjBAMTQzMTk3NDk2MjYxOQ%3D%3D&el=1_x_1
https://www.researchgate.net/profile/Mahdi_Moradian?enrichId=rgreq-c7c37b9f-8f3f-4176-b2c8-a209cda977eb&enrichSource=Y292ZXJQYWdlOzI3Njg0NDcwMjtBUzoyMzA1MzM4NTQ2NTg1NjBAMTQzMTk3NDk2MjYxOQ%3D%3D&el=1_x_4
https://www.researchgate.net/profile/Mahdi_Moradian?enrichId=rgreq-c7c37b9f-8f3f-4176-b2c8-a209cda977eb&enrichSource=Y292ZXJQYWdlOzI3Njg0NDcwMjtBUzoyMzA1MzM4NTQ2NTg1NjBAMTQzMTk3NDk2MjYxOQ%3D%3D&el=1_x_5
https://www.researchgate.net/institution/Iran_University_of_Science_and_Technology?enrichId=rgreq-c7c37b9f-8f3f-4176-b2c8-a209cda977eb&enrichSource=Y292ZXJQYWdlOzI3Njg0NDcwMjtBUzoyMzA1MzM4NTQ2NTg1NjBAMTQzMTk3NDk2MjYxOQ%3D%3D&el=1_x_6
https://www.researchgate.net/profile/Mahdi_Moradian?enrichId=rgreq-c7c37b9f-8f3f-4176-b2c8-a209cda977eb&enrichSource=Y292ZXJQYWdlOzI3Njg0NDcwMjtBUzoyMzA1MzM4NTQ2NTg1NjBAMTQzMTk3NDk2MjYxOQ%3D%3D&el=1_x_7
https://www.researchgate.net/profile/David_Pommerenke?enrichId=rgreq-c7c37b9f-8f3f-4176-b2c8-a209cda977eb&enrichSource=Y292ZXJQYWdlOzI3Njg0NDcwMjtBUzoyMzA1MzM4NTQ2NTg1NjBAMTQzMTk3NDk2MjYxOQ%3D%3D&el=1_x_4
https://www.researchgate.net/profile/David_Pommerenke?enrichId=rgreq-c7c37b9f-8f3f-4176-b2c8-a209cda977eb&enrichSource=Y292ZXJQYWdlOzI3Njg0NDcwMjtBUzoyMzA1MzM4NTQ2NTg1NjBAMTQzMTk3NDk2MjYxOQ%3D%3D&el=1_x_5
https://www.researchgate.net/institution/Missouri_University_of_Science_and_Technology?enrichId=rgreq-c7c37b9f-8f3f-4176-b2c8-a209cda977eb&enrichSource=Y292ZXJQYWdlOzI3Njg0NDcwMjtBUzoyMzA1MzM4NTQ2NTg1NjBAMTQzMTk3NDk2MjYxOQ%3D%3D&el=1_x_6
https://www.researchgate.net/profile/David_Pommerenke?enrichId=rgreq-c7c37b9f-8f3f-4176-b2c8-a209cda977eb&enrichSource=Y292ZXJQYWdlOzI3Njg0NDcwMjtBUzoyMzA1MzM4NTQ2NTg1NjBAMTQzMTk3NDk2MjYxOQ%3D%3D&el=1_x_7


 

 ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ

This paper will be published at Ashrae journal. For any questions please contact davidjp@mst.edu.  

Dependence of ESD Charge Voltage 
on Humidity in Data Centers (Part 1 - 
Test Methods) 
 
AtiehTalebzadeh                 Mahdi Moradian           Yunan Han                 
                       Abhishek Patnaik          David E. Swenson       David Pommerenke 

 
 

ABSTRACT  

The effect of absolute and relative humidity on the charge generated on the human body during 

different human activities was investigated. Environmental conditions were altered between a relative 

humidity of 8% to 45% in a temperature range of 5C (41F) to 38C (100.4F); additionally, a wide range 

of footwear and flooring types were considered. The human activities studied included well-defined 

walking, random walking and scraping feet, taking off a sweater and dropping it, and sitting up from a 

chair. The first part of this three-part article mainly describes the test and data analysis methodology. One 

conclusion based on the voltages generated across different footwear and flooring combinations is that 

charge generation depends on the particular activity and associated materials. However, low relative 

humidity and a low, but not very low, dew point in general produce conditions favorable for high voltage 

generation. Among all of the experiments performed, sitting up from a chair yielded the highest body 

voltage. Two other parts of the three-part article present a detailed analysis.  

INTRODUCTION  

Increasing demands for energy efficient data centers leads to a strong drive towards identifying the 

optimal environmental operating conditions . Studies have shown that humidity affects the static charge 

that can be generated on a body (Mardiguian, Michel 2011, Simonic 1982, Swenson and Kinnear 2009). 

The sudden discharge of these static voltages can damage or destroy data center equipment. In order to 

have reliable operation and considerable amount of energy savings ASHRAE has guidelines for operating 
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different types of data centers in different environmental condition envelops as indicated in Figure 1. 

Envelopes A1 – A4 show the different permissible envelopes for different types of data centers (ASHRAE 

2011). Operating a data center for prolonged times in the lower humidity range of A3 and A4 increases the 

risk of ESD induced upset or damage.  

 

Figure 1  ASHRAE Psychometric Chart. Pink stars indicate the seven environmental conditions 

in this study, while black stars indicate the environmental conditions used in previous studies 

(Fayu et al. 2013, Moradian et al. 2014). 

 

Table 1.  List of All Studied Environmental Conditions 

Data Point 

Number 

Temp 

      

Temp 

      

RH 

(%) 

Dew Point 

      

Dew Point 

      
Ref. 

1 5 41 25 -13.13 8 2nd study 

2 15 59 15 -11.67 11 - 

3 27 80.6 8 -10 14 2nd study 

4 18 64.4 15 -8.89 16 2nd study 

5 28 82.4 10 -6.11 21 - 

6 23 73.4 15 -5 23 - 

7 17 62.6 25 -3.33 26 - 

8 38 100.4 8 -1.67 29 2nd study 

9 18 64.4 40 3.89 39 - 
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10 27 80.6 25 5 42 2nd study 

11 18 64.4 45 5.55 43 2nd study 

12 23 73.4 35 6.67 44 - 

13 27 80.6 45 13.89 57 2nd study 

14 23 73.4 60 15 59 - 

15 27 80.6 53 16.67 62 - 

Figure 1 and Table 1 show the ASHRAE Psychometric Chart (ASHRAE 2011) and indicate the 

environmental test points at which experiments have been performed. One previous study concentrated 

more on regions A1 and A2 (Fayu et al. 2013; Moradian et al. 2014). However, due to the large energy-

saving potential in the even wider ranges of A3 and A4, a second study was initiated to determine how 

much the risk of upset or failure in a data center would increase if the environmental conditions in data 

centers extended to the lower humidity range of A3 and A4. To answer this question, a large set of voltage 

measurements were taken under well-controlled conditions. These measurements recorded the voltage as a 

function of time while the operator was performing an action, such as walking, sitting up from a chair, or 

removing a sweater and dropping it. The parameter set included a wide range of flooring systems, from 

conductive floors to insulated floors, as well as a range of footwear, from standard to electrostatic discharge 

(ESD)-preventing. During the second study, 4000 additional experiments were performed, providing more 

than 6500 minutes of recorded voltage waveforms. This database allows multiple types of analysis: 

 Voltage levels created by user actions, 

 Voltage levels as a function of environmental conditions, 

 Voltage levels as a function of footwear and flooring, 

 Discharge times for different flooring and footwear combinations, 

 Comparison of voltage levels for different types of operator actions, such as walking vs. sitting up 

from a chair, 

 Extrapolation of voltage levels using the probability density function to estimate the occurrence rate of 

voltages over time frames much longer than the 1-minute recorded waveforms, 

 Estimation of the failure risk in data centers caused by the surpassing of robustness thresholds when a 

person charged above the threshold touches the data center serve. 
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The first part of the article, presented here, focuses on the description of the test method, measurement 

definitions, and initial data analysis. The environmental points selected for the second study primarily 

included those from regions A3 and A4 that allowed the effect of humidity changes to be predicted. It 

needs to be noted that a recent publication (Klein et al. 2011) which shows measured environmental 

conditions inside of data centers shows a large variation which often exceeds the targeted range. 

 

WELL-DEFINED WALKING PATTERN EXPERIMENT 

A well-defined walking pattern (WDP) has been created to allow repeatable results in comparing floor 

and shoe combinations. This pattern is described in the ANSI/ESD STM97.2 standard. Additionally, we 

introduced a “random” walking test that provides less reproducible results but better simulates real, 

uncontrolled walking. 

The ANSI/ESD STM97.2 test method involves a person walking on a floor sample in a well-defined 

walking pattern while wearing a specific shoe type under controlled environmental conditions. The person 

repeats the walking pattern a minimum of 10 times while holding an electrode to record the static voltage 

during walking. The general test setup and walking pattern, appear in Figure 2. To control the 

environmental conditions (Table 1), additional steps were taken to maintain low humidity. The participant 

wore a breathing mask that was connected to small bottles of desiccant to absorb moisture in the breath. 

Also, at high temperature and low humidity (e.g., 38 C (100.4F) and 8% RH), a ventilated overall 

clothing reduced the chamber’s moisture intake. Table 2 lists the floor and shoe types used in this 

experiment. Rubber1 and Rubber2 are conductive, low resistance rubber floors, which we refer to as “ESD 

floor” herein. The specific high-pressure laminate floor (HPLF) used is a high resistance floor, referred to 

herein as “Non-ESD” floor. Also, Vinyl1 and Vinyl2 are low dissipative range floors, which can be 

considered medium-ESD floors.  
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Figure 2  (a) Well-defined walking experiment setup, (b) well-defined walking pattern (Fayu et 

al. 2013, Moradian et al. 2014). 

 

 

Table 2.   Floor and Shoe Types 

Floor Description Shoes Description 

Rubber1 ESD floor Low-Range Dissipative ESD Shoes ESD shoes 

Rubber2 ESD floor Mid-Range Dissipative ESD Shoes ESD shoes 

Vinyl1 Medium-ESD floor Deck Shoes 2 Non-ESD shoes 

Vinyl2 Medium-ESD floor Deck Shoes 1 Non-ESD shoes 

HPLF Non-ESD floor Plastic Shoes Non-ESD shoes 

- - Leather Dress Shoes Non-ESD shoes 

- - Running Shoe Non-ESD shoes 

- - Deck  Shoes 3 Non-ESD shoes 

 

Other researchers have shown a strong correlation between the shoe-floor resistivity and the charge 

voltage (Swenson et al. 1995; Lim 2000). However, certain wax-like materials can reduce the tribo-

charging strongly, although they do not exhibit conductive properties.We selected a wide range of popular 

shoes for our investigations. The shoe column includes two low resistance shoes, which served as the ESD 

shoes in this experiment. The other shoes are high resistance shoes not considered to have ESD-reducing 

properties. Further information about footwear and flooring resistance in relation to ESD protection can be 

found in (Gaertner et al. 1997; Swenson et al. 1995). 
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Figure 3 Typical waveform of WDP (solid traces). (a) Rubber2 floor, low-range dissipative 

ESD shoes, at 27°C (80.6°F) & 8% RH, (b) HPLF floor, deck shoes 1, at 27°C (80.6°F) & 

8% RH, (c) Rubber2 floor, plastic shoes, at 27°C (80.6°F) & 8% RH. 

Figure 3 illustrates examples of the voltages recorded during WDP (solid traces). Subfigure (a) was 

recorded for a person walking on an ESD floor (flexco rubber) while wearing a pair of ESD shoes (mid-

range dissipative ESD shoes) at a temperature of 27 °C (80.6 °F) and relative humidity (RH) of 8%. In spite 

of the low humidity, only low voltages, less than 150 V, were recorded. This is a consequence of wearing 

ESD shoes on an ESD floor. Most charges created at the sole-floor interface were neutralized rapidly by the 

conductive path. The voltage increased every time the person walked along the defined pattern. However, 

in contrast, subfigure (b) shows the results for the case in which neither an ESD floor nor ESD shoes were 

used. The insulating properties of both allowed the build-up of much higher voltages. This material pairing 

created a negative voltage. In principle, the tribo-eletric series can be used to predict the voltage polarity; 

however, this is difficult given the unknown material properties and surface conditions. The voltage 

discharged more rapidly in case (a) than in case (b). Another phenomenon observed for some combinations 

of insulated flooring and footwear was that the voltage increased over the 100sec experiment, but returned 
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to nearly zero between steps when using conductive surfaces. In the insulated case, the voltage finally 

reached a saturated value. The experiments were performed for 100sec, which was assumed to be the 

maximum walking time before an operator would either stand in one location long enough to discharge, or 

discharge by other means, such as touching a door.   

Walking and Standing Voltages 

To evaluate the recorded voltage waveform, three values were measured, the walking voltage, standing 

voltage, and maximal voltage magnitude. Figure 4 (a) and (b) depicts two typical waveforms of WDP 

walking. For subfigure (a), the positive voltage was measured as the person lost electrons, while for 

subfigure (b), the person received a negative charge. According to ANSI/ESD STM97.2, the walking 

voltage is the average of all local peaks of the voltage magnitude. In the figure, the circles represent the 

local peaks. In contrast, the standing voltage is the average of local minimums of the voltage magnitude, as 

indicated by the squares in the  figure. The definition is based on two underlying assumptions: 1) using the 

average stabilizes the measurement, which is helpful in comparing different test conditions, and 2) how 

long a person will walk before touching a server is unknown. 

Comparing the maximal voltage during 100 sec of walking to the walking voltage for a wide range of 

test conditions provides insight into the usefulness of the definition of walking voltage. The results of two 

selected sets of materials are presented. These sets represent the most and least ESD-reducing 

configurations. The first column in Table 3 lists the set of ESD-reducing materials, which includes two 

ESD shoes (low-range dissipative ESD shoes and mid-range dissipative ESD shoes) and two ESD floors 

(rubber 1 and rubber 2). The second column lists the non-ESD materials, which includes six non-ESD 

shoes and one non-ESD floor (HPLF). Figure 5 shows the average voltage for each of these two sets of 

materials.  
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Figure 4  Local maximums and minimums to obtain walking and standing voltage. (a)WDP 

walking: Low-range dissipative ESD shoes, rubber2 floor at 27°C (80.6 °F) & 8% RH, (b) 

WDP walking: Leather dress shoes, HPLF floor, at 18°C (64.4 °F) & 15% RH, (c)Random 

walking: low-range dissipative ESD shoes, Rubber2 floor, at 27 °C (80.6°F) & 8% RH, (d) 

Random walking: Leather dress shoes, HPLF floor, at 18°C (64.4 °F) & 15% RH.  

 

 

Figure 5 shows the voltages as a function of the dew point for the maximal voltage magnitude, 

walking, and standing voltage. Sub-figure (a) presents data for a case in which ESD was suppressed by 

using ESD shoes on a conductive rubber floor, while sub-figure (b) presents data for non-ESD-reducing 

floor and shoes. The following conclusions can be drawn from this dataset:  

 ESD suppression was very successful, reducing the maximal voltage by 10x or more, 

 The maximal voltage magnitude was consistently a factor of approximately 1.3 above the walking 

voltage. This indicates that the experiments were consistent and not governed by momentarily high 

voltage peaks, 

 The standing voltage was much lower than the walking voltage. However, the ratio was not constant; it 

varied across environmental conditions and flooring / footwear selection. The ratio between the 

walking and standing voltage ranged from 0.8 to 3. The standing voltage is important because most 

mailto:davidjp@mst.edu


 

 ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ

This paper will be published at Ashrae journal. For any questions please contact davidjp@mst.edu.  
 

operators will stand still before they touch a server. Especially for the more critical non-ESD 

controlled situation, a voltage maximum was indicated around a dew point just below zero °C (31°F). 

This was most visible when the temperature reached 38 °C (100.4 °F). This condition combined a high 

dew point with low relative humidity. At lower temperatures, the maximum was more visible under 

environmental conditions of 18 °C (64.4 °F) and 15% RH. 

 

Figure 5  Comparison of the maximum magnitude voltage, walking voltage, and standing 

voltage as a function of dew point. (a) Average for the ESD material set, (b) Average for the 

non-ESD material set. 

 

Table 3.  ESD-Reducing and Non-ESD-Reducing Material Combinations 

ESD Material (Floor, Shoe) Non-ESD Material (Floor, Shoe) 

(Rubber1, Low-Range Dissipative ESD Shoes) (HPLF, Deck Shoes 2) 

(Rubber1, Mid-Range Dissipative ESD Shoes) (HPLF, Deck Shoes 1) 

(Rubber2, Low-Range Dissipative ESD Shoes) (HPLF, Plastic Shoes) 

(Rubber2, Mid-Range Dissipative ESD Shoes) (HPLF, Leather Dress Shoes) 

- (HPLF, Running Shoe) 

- (HPLF, Deck  Shoes 3) 

RANDOM WALKING EXPERIMENT 

In the random walking experiments, the participant sometimes walked faster, or occasionally moved 

his or her shoes sideways. There was no requirement to walk a defined pattern with short stops in between. 

The random walking voltages were somewhat higher (30% higher) than in the case of the WDP and they 
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did not exhibit a regular pattern. This somewhat contrasts the data from (Ryser 1990), which indicates a 

ratio of approximately 1:2 between walking and scraping. However, Ryser also noted that his walking 

voltages were rather low. It is not clear how the scraping action was performed. In our random walking, 

fast walking with some slippage was part of the procedure; however, strong sideways or large dragging 

movements were not considered common for walking in a data center and therefore were not included in 

our random walking pattern. This might explain the different ratios between walking in a pattern and 

random walking. In contrast to the WDP, during random walking, there were no brief stops, so no 

pronounced voltage minima were created by discharge. Therefore, it was only possible to extract two 

measurement values from every random walking experiment: 1) the maximal voltage magnitude, and 2) the 

walking voltage. The walking voltage was derived from the average of the local maxima. Figure 4 (c) and 

(d) illustrate typical random walking voltage waveforms and their processing. For the insulated floor and 

shoe combination (subfigure (d)), the voltage reached approximately -2500 V, while it only reached 150 V 

for the ESD-reducing footwear/floor combination. The individual steps produced short local maxima. 

These were identified, and their average was used to calculate a walking voltage.   

 
Figure 6  Comparison of the maximum magnitude voltage, and walking voltage for random 

walking as a function of dew point. (a) Average for the ESD material set, (b) Average for the 

non-ESD material set.  

 

Figure 6 compares the maximal voltage magnitude, and walking voltage as a function of dew point for 

random walking. Subfigure (a) shows the average of voltages if ESD mitigating shoes and floors are used, 
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while subfigure (b) shows the average of voltages for a set of non-ESD materials. Similar to the WDP, the 

walking voltage is about 30% below the maximal voltage magnitude. For ESD mitigating materials the 

voltages are low. The more critical situation of non-ESD mitigating materials leads to voltages in the kV 

range. The measurements at a rather high temperature of 38 °C (100.4 °F) and 8% RH led to the highest 

voltages. A drop in voltages at lower dew points has been observed.  

SITING UP FROM A CHAIR EXPERIMENT 

In addition to walking, a variety of other operator actions can cause considerable charges (Smith 1999 ; 

Pommerenke 1995), such as moving carts removing a garment and dropping it (Vinson et al. 2003), 

unwrapping plastic foil, and sitting up from an office chair (Tonoya 1993). Also, this study included sitting 

up from a chair and removing a garment. In this experiment, the participant sat down on a chair for three 

seconds and then stood up while holding an electrode to record the voltage. Then, the participant waited 

approximately five seconds before sitting down again, repeating this cycle a minimum of 10 times, so the 

length of each recorded voltage waveform would be around 50 seconds. During this experiment, the 

participants’ shoes always remained on the ground, and their backs touched the entire back of the chair 

while sitting.  

Figure 7 (a) shows the general setup for this experiment and the results. Three different, randomly 

selected, non-ESD-compliant office chairs were used. Subfigure (b) shows the recorded voltage waveform 

for all three chairs when the participant wore non-ESD deck shoes 1 on a non-ESD floor, HPLF. The 

chamber was set to 27 °C (80.6 °F) at 8% RH. For all chair experiments, the same outer garment was worn. 

Similar to the walking experiment, a mask was worn to help maintain a low RH. 

When the participant’s hips touched the chair (subfigure (b)), the person received electrons and 

charged to a negative voltage. When the participant completely sat down and leaned against the back of the 

chair, a positive voltage was acquired. The moment the person stood up, the voltage increased strongly. 

When the floor/shoe combination was well insulated, the participant did not discharge while standing.  

When the participant sat down again, the effect of the charges on the chair and on the person were 

compensated for partially,  reducing the voltages until the participant stood up again. As the person does 
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not discharge between repeated sit-down, stand-up cycles, the voltage may increase in each cycle if the 

flooring system does not provide a sufficient path to the ground. 

In analyzing the maximal voltage it should be noted that the data from chair 1 (solid trace) and chair 2 

(dotted trace), subfigure (b), was measured for a shorter period of time. This was caused by sparking. This 

does not effect the voltage increase obtained by each cycle of sitting down and standing up, however, a 

higher maximal voltage would have been reached.  

 

Figure 7  (a) Illustrating  sitting up process from a chair (Plastic Shoes, Rubber2 floor at 27C 

and 45% RH), (b) Example of typical waveforms recorded during the chair experiment, (c) 

Definition of the chair event voltage for cases in which the shoe/floor system discharges rapidly 

from the person. 

 

Chair Event Voltage  

To analyze the data, we defined an “event voltage” for both the chair and the garment experiments. 

The event voltage describes the average change in voltage when the person stands up from the chair or 

drops a sweater. Figure 7 illustrates the data. When standing up, the voltage rises. After standing up, the 

voltage may drop slowly  Figure 7 (b) or rapidly Figure 7 (c) depending on the shoe/floor resistance. The 

person stands for a few seconds and then sits down again, repeating this process ten times.  
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In many cases, it is easy to read a meaningful event voltage from the waveform.  However, in cases in 

which the shoe/floor resistance is low, the charges will dissipate quickly Figure 7 (c).  Further, the person 

may acquire a voltage of the other polarity for a moment upon sitting down. This voltage would dissipate to 

zero if the person were to sit for a longer period of time, so we defined the event voltage as the increase in 

voltage from zero to the highest voltage reached, as illustrated in Figure 7 (c). 

 

Figure 8  Comparison of event voltage of different chairs. (a) Average of ESD material set, (b) 

average of Non-ESD material set. 

 

Figure 8 indicates that all three chairs followed a similar pattern with respect to the voltage magnitude. 

In most cases, Chair #3 showed the highest charge voltage; however, no large differences between the 

chairs existed. This indicates that the samples of chairs selected did not contain an outliner, i.e., the data 

likely represent typical office chairs. Even when using ESD-reducing footwear (subfigure (a)) and flooring, 

an average event voltage of 1000V was recorded at a dew point of -10 °C (14°F). This voltage would not 

be sufficient to damage or upset servers that fulfill the IEC 61000-4-2 requirements of 4000/8000V ESD 

test levels; however, they would certainly endanger data center equipment during conditions in which the 

normal shielding has been removed, i.e., during service that requires accessing internal points. When no 

ESD-reducing footwear and flooring were used, the average event voltage reached 4000V at only -5 °C (42 

°F). This value equals the ESD test levels. Other types of chairs, garments, or individual events will 
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certainly surpass the 4kV limit, which clearly indicates the need to use only ESD-reducing chairs in data 

centers.  

TAKING OFF A SWEATER AND DROPPING IT EXPERIMENT 

Many researchers have noted that removing a sweater can cause large voltages (Vinson.al.2003). As 

the temperature in a data center can vary locally, it is reasonable to assume that operators may remove a 

sweater and drop it. The charge separation occurs when the sweater rubs on the underlying layer of 

clothing. However, that will not create a large voltage on the person, as the effects of the separated charge 

are compensated for by the short distance between them. However, the moment the operator removes and 

drops the garment, the effects of the charges are no longer compensated for, and the voltage will change 

rapidly.  

 

Figure 9  (a) Illustration of the sweater experiment (Deck Shoes 2, Vinyl2 floor at 38°C 

(100.4°F) and 8% RH)., (b) Voltages during the sweater experiment when the user wore Non-

ESD shoes on a Non-ESD floor., (c) Definition of the sweater event voltage for non-ESD shoes, 

non-ESD floor cases in which the shoe/floor system discharges rapidly from the person. 
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In this experiment, the participant always wore the same underlying garment but one of three different 

sweaters. Figure 9 (a) illustrates this process. After putting on the sweater, the participant discharged 

himself and began the recording. Next, he removed the sweater and dropped it. Then, he waited 20 to 30 

seconds to monitor the slow discharge via the footwear. After that, he discharged himself by touching the 

ground. The process was repeated three times. Figure 9 (b) shows waveforms for the case in which the user 

wore Non-ESD shoes (deck shoes 1) on a Non-ESD floor (vinyl 2) at a temperature of 27°C (80.6 °F) set to 

8% RH. All three sweaters produced similar results. Again, this indicates that the random selection of 

sweaters did not contain an outliner, i.e., it is reasonable to generalize the results with caution, although the 

number of sweaters was low. These rather dry conditions yielded a voltage of close to 4 kV, high enough to 

endanger data center equipment.  

Sweater Event Voltage  

The event voltage describes the voltage change that occurred when the sweater was dropped. Figure 9 

(c) illustrates this change for Non-ESD-controlled conditions. In the definition of the event voltage for the 

sweater experiment, considerations must be made similar to those in the chair experiment. Figure 9 (c) 

illustrates that dropping the sweater lead to a sudden voltage increase. Then, the voltage level dropped very 

slowly because the shoe/flooring system had a high resistance. However, for cases in which the 

shoe/flooring system provided a lower resistance path (Figure 10), the event voltage was not as easily 

recognized, as the voltage level was only maintained for a few seconds or less. 
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Figure 10  Definition of event voltage for (a) Mid-Range Dissipative ESD Shoes (ESD) and 

Rubber1 floor (ESD) at 38C and 8%RH, (b) Low-Range Dissipative ESD Shoes (ESD) and 

Rubber1 floor (ESD) at 27C and 8%RH. 

This lead to some uncertainty in reading the event voltage, especially if the quick voltage fluctuation 

during the phase in which the person removed the sweater (before dropping) produced voltage of the 

opposite polarity. In these cases, the event voltage was defined as the voltage between zero and the 

maximal voltage reached when the sweater was dropped. The voltage was low and brief, so this ambiguity 

will not influence the conclusions of this study strongly; this only occurred for cases in which the ESD 

precautions lead to low charge voltages. Both the low voltage levels and fast discharge strengthen the 

argument that good ESD control from footwear, flooring, or ground straps is very effective in controlling 

the risk of ESD damage. The sweater experiment produced similar trends across repetitions, as indicated by 

the small difference between the average event voltage and the maximal event voltage. In general, the ratio 

was less than 1.2.   
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Figure 11 presents the average event voltages for the sweater experiments at different dew points. The 

three types of sweaters created different voltages, varying much more widely than in the chair experiment. 

Subfigure (a) presents results for ESD-reducing flooring and shoes. The voltages still reached 500 V, a 

value well below the damage or upset threshold for servers; however, it is close to the robustness level that 

we assume to be the threshold for service (500 V). As shown in Figure 10, the voltage will remain on the 

operator only for a brief moment due to the shoe/floor discharge path. In addition to having a low voltage, 

the likelihood of the operator touching a sensitive part during this brief moment is low. However, if we 

consider the voltage level and the possibility of other charge-inducing events, such as standing up from a 

chair, and remind ourselves that this dataset represents only a small set of possible sweaters and underlying 

garments, we believe the data indicate that it is advisable to use a ground strap during service, even if ESD-

controlling footwear and flooring is used. Subfigure (b) of  Figure 11 presents the average event voltages 

for the non-ESD-controlled setting. The voltage levels were 8-10 times larger, reaching levels that could 

damage data center equipment. If we further consider that the voltage remained on the operator for a long 

time (see Figure 9 (c)), we can easily conclude that operators must be aware of the ESD dangers imposed 

by the removal of a sweater. In this figure, both sub-figures (a) and (b) indicate that there was not a strong 

tendency for the voltage to increase as the dew point decreased. This was generally observed in all data and 

is discussed in greater detail in the second article of this two-article series.  

 

Figure 11  Comparison of event voltage of different sweaters. (a) Average of ESD material set, 

(b) average of Non-ESD material set. 
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VOLTAGE LEVELS 

Table 4 compares the maximal walking voltages (i.e. WDP and random walking) and maximal event 

voltages (i.e. removal of sweater and dropping it, and sitting and getting up) for four different 

environmental conditions: (1) 27°C (80.6 °F) & 8%RH, (2) 38°C (100.4 °F) & 8%RH, (3) 27°C (80.6°F)  

& 25%RH, and (4) 27°C (80.6 °F)  & 45%RH including all floors and shoes. Core findings from the table 

are as below: 

 The WDP leads to the lowest peak voltages. This is a consequence of the defined walking pattern 

which was conceived to define a well reproducible method for comparing conditions. The maximal 

voltages measured in random walking are about 50% larger, while they are in average about 30% 

larger. For the assessment of risk to the data center one needs to further consider that most operators 

will stand for a moment before touching equipment. This would lead to a reduction in voltage, 

 The highest voltages have been obtained during the chair and sweater experiment, 

 For walking experiments the highest voltages have been recorded for non-ESD flooring and non-ESD 

mitigating footwear. However, during the sweater and chair experiment high voltages can occur also 

for other floor combination, as the charge separation is not occurring at the shoe-floor interface. From 

a risk point of view any discharge path to ground will reduce the time the operator is charged to this 

voltage. Thus, even a moderately conductive path to ground will reduce the risk. 

 

 Table 4.   Maximal Voltage at Each Experiment  

Experiment 
Environmental 

Conditions 

Maximal 

Voltage (v) 
Floor Shoe Sweater Chair 

Walking  (WDP) 27°C (80.6°F)  & 8%RH 2,570.0 HPLF Deck Shoes 1 - - 

Walking  (Random) 27°C (80.6°F)  & 8%RH 2,904.0 HPLF Deck Shoes 1 - - 

Sweater 27°C (80.6°F)  & 8%RH 8,688.0 HPLF Plastic Shoes 3 - 

Chair 27°C (80.6°F)  & 8%RH 5,419.0 Rubber2 Deck Shoes 2 - 2 

Walking  (WDP) 38°C (100.4 °F) & 8%RH 2,820.0 HPLF Deck Shoes 1 - - 

Walking  (Random) 38°C (100.4 °F) & 8%RH 4,220.0 HPLF Deck Shoes 1 - - 

Sweater 38°C (100.4 °F) & 8%RH 4,965.0 Vinyl2 Deck Shoes 1 1 - 

Chair 38°C (100.4 °F) & 8%RH 4,502.0 Rubber1 Deck Shoes 2 - 3 
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Walking  (WDP) 27°C (80.6°F)  & 25%RH 2,0183.0 HPLF Deck Shoes 1 - - 

Walking  (Random) 27°C (80.6°F)  & 25%RH 3,214.0 HPLF Deck Shoes 1 - - 

Sweater 27°C (80.6°F)  & 25%RH 5,402.0 HPLF Deck Shoes 2 1  

Chair 27°C (80.6°F)  & 25%RH 3,388.0 Viny1 Plastic Shoes - 3 

Walking  (WDP) 27°C (80.6°F)  & 45%RH 927.5 HPLF Deck Shoes 1 - - 

Walking  (Random) 27°C (80.6°F)  & 45%RH 2,547.0 HPLF Deck Shoes 1 - - 

Sweater 27°C (80.6°F)  & 45%RH 2,298.0 HPLF Plastic Shoes 1 - 

Chair 27°C (80.6°F)  & 45%RH 2,570.0 HPLF Plastic Shoes - 3 

 

CONCLUSION 

Allowing a larger range of humidity in data centers saves energy. However, lower humidity may 

increase the risk of damage by ESD. To obtain data for estimating the risk increase, a set of electrostatic 

charging experiments was conducted under a wide range of environmental conditions. The experiments 

included well-defined pattern walking, random walking, dropping a sweater after removing it, and sitting 

up from office chairs. The experimental motivation, setup, and initial data analysis were described. The 

results showed the effectiveness of ESD flooring and footwear, indicating that a lower dew point will not 

necessarily lead to a higher charge voltage. The results also showed that charge does not only build up 

during walking; critical voltage levels can be reached simply by standing up from a non-ESD certified 

chair, or by removing and dropping a sweater. The second part of this article will provide a deeper analysis 

of the voltage change with respect to the relative and absolute humidity, as well as the effectiveness of ESD 

precaution measures, such as conductive floors. Part II of the paper analysis the data set in greater detail. 
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