
  

 

 

1  
Version ECN Date Status Author Reviewed by Description of changes 

0.1  12 May 2020 Draft R. Schmurr  Initial Draft 

0.2  18 Aug 2020 Draft B. Xu   

0.3  10 Oct 2023 Draft M. Gross  General updates for project 11023 

0.4  13 Oct 2023 Draft M. Gross  Added recommended PWMIN driving circuit 
information. 

0.5  17 Oct 2023 Draft M. Gross  Updated text for Regulatory compliance. 

0.6  03 Nov 2023 Draft D. Zuzuly  Updated Electrical and I/O specs, added 
EMC tests 

0.7  7 Nov 2023 Draft M. Gross  Updates to Electrical specs and Firmware 
config options. 

0.8  8 Jan 2024 Draft M. Gross  Updated description of Safety Angle. Added 
DVAL parameter to Table 3. 

0.9  18 Mar 2024 Draft M. Gross  Updated start-up and fault re-start times. 
Updates to Sec. 9.  

0.10  7 Oct 2024 Draft M. Gross  Updates to software performance 
specifications to match software rev. 
V00.03.03. 

0.11  17 Feb 2025 Draft M. Gross  Changed Model Matrix for 24V 90° actuator 
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3.1

Figure 1: Actuator rotational orientation and connector position

3.2

3.3

Actuator part number Description Voltage, Nominal Operational range

TBD ACTUATOR PWM 24V; 90 DEG 24VDC 90°

127-00310-001 ACTUATOR PWM 12V; 90 DEG 12VDC 90°

TBD ACTUATOR PWM 24V; 180 DEG 24VDC 180°

TBD ACTUATOR PWM 12V; 180 DEG 12VDC 180°

A

F

D

C



Table 1: PWM actuator model matrix

3.4

4

Figure 2: PWM valve actuator block diagram

4.1



4.2

4.2.1

Figure 3: PWM duty cycle example

Figure 4: PWMIN positioning relationship examples



  

 

 

4.2.2  

 

Actuator position PWMOUT duty cycle 

0% range (full CCW) 5% 

50% range (center) 50% 

100% range (full CW) 95% 

Table 2: PWMOUT position relationship 

4.3  

 

 

4.4  

4.4.1  
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Symbol OPERATING CONDITION MIN NOM MAX UNITS 

VOPR Operating voltage range (VBATT) 

Voltage outside this range will cause repositioning to stop 
and microcontroller may reset. 

9 12 16 VDC 

VPROT Voltage outside this ramge may activate protection devices 
and lead to permanent damage over time. 

-16  +30 VDC 

IIDLE Idle current  

Draw on VBATT when no repositioning underway. Does 
not include external pullup current 

 10  mA 

IRUN Running current 

Draw on VBATT when repositioning motor is active.  Does 
not include external pullup currrent 

 50 75 mA 

IMAX Stall current, MAX@VBATT@ 9V 

                      NOM@ VBATT@12V 

Draw on VBATT at peak motor current/ stall.  Does not 
include external pullup current. 

 230 450 mA 

ISLEEP Sleep mode is not supported by PWM actuator  n/a   

Table 3: Electrical specifications 
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Symbol OPERATING CONDITION MIN NOM MAX UNITS 

VIL PWMIN input, low GND - 0.3V 0 0.7 Volts 

VIH PWMIN input, high 4.5 VBATT VBATT + 2.0V Volts 

I PWMIN IPWMIN sustained input high current,  

External Driver Sourcing, VPWMIN = 16V 

  2.0 mA 

IPWMIN sustained input low current,  

External Driver sinking, VPWMIN = 0.7V 

  -1.0 mA 

F100HZ 
1 100Hz PWMIN frequency range 

trigger Safety Angle action as described in Section 4.4.3, 
if enabled. 

95 100 105 Hertz 

 
1 Check valve specification for relevant PWM frequency parameter. 



  

 

 

Symbol OPERATING CONDITION MIN NOM MAX UNITS 

F250HZ 
1 250Hz PWMIN frequency range 

trigger Safety Angle action as described in Section 4.4.3, 
if enabled. 

215 250 265 Hertz 

DOP PWMIN waveform duty cycle operating range 

Outside this range, no further movement toward end stops 
will occur. 

5 - 95 % 

DVAL PWMIN waveform valid range 

trigger Safety Angle action as described in Section 4.4.3, 
if enabled. 

3 - 97 % 

DTOL Positioning accuracy   3 degrees 

DTHRESH Repositioning threshold 

Changes of less than DTHRESH will be ignored to avoid 
excessive resposiitoning of valve. 

- 1 - % 

TWAIT Waiting time after reposition completes before accepting 
new positon. 

20 25 30 msec 

TRISE PWMIN rise time 2   F100HZ / F250HZ - - 50 / 20 uS 

TFALL PWMIN fall time 2   F100HZ / F250HZ - - 50 / 20 uS 

Table 4: PWMIN electrical parameters 
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Symbol OPERATING CONDITION MIN NOM MAX UNITS 

VOL PWMOUT output, low (IPWMOUT=12.5mA) GND - 1.05 Volts 

VOH PWMOUT output, high 3 4.5  VBATT + 2.0V Volts 

IPWMOUT PWMOUT sink current - - 20 mA 

F100HZ 
4 100Hz PWMOUT frequency range 95 100 105 Hertz 

F250HZ 
4 250Hz PWMOUT frequency range 212 250 263 Hertz 

DRANGE PWMOUT waveform duty cycle, nominal 5 - 95 % 

DTOL PWMOUT tolerance with respect to output shaft position. - - 2 degrees 

TRISE PWMOUT rise time (w/2.4k pullup) 0 15 50 5 uS 

TFALL PWMOUT fall time (w/2.4k pullup) 0 10 50 5 uS 

 
2 Based on rise/fall time max mismatch, and 0.5% change from desired duty cycle. 

3 PWMOUT output signal requires an external pull-  

4 Check valve specification for relevant PWM frequency parameter. 

5 Loading on PWMOUT signal may affect rise/fall times.  



  

 

 

Table 5: PWMOUT electrical parameters 
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Parameter Description Firmware options 

PWM frequency Nominal frequency of PWMIN/PWMOUT signal waveform. 100 Hz (default) 

250 Hz 

500 Hz 

Operating angular range Total angular range actuator will operate through in relation to 5-95% 
duty cycle of PWM signal. See Section 4.2 for details. 

NOTE: Angular range selected must be compatible with mechanical 
stops in actuator and valve body. See Section 7 for details. 

90° (default) 

180° 

Direction The valve moves Clockwise in proportion to increasing PWMIN duty 
cycle. Setting REVERSE flips operation to move Counter-clockwise for 
increasing duty cycle as shown in Figure 4. 

Both PWMIN and PWMOUT are affected by this setting. 

Normal (default) 

REVERSE 

Safety Angle Actuator will automatically move to this positon upon loss of valid 
PWMIN signal. 

If Safety Angle is undefined, the actuator will remain in last 
commanded postion if PWMIN signal lost. 

See Section 4.4.3 for details. 

Undefined (default) 

-45° for 90° actuator 

+45° for 90° actuator 

-90° for 180° actuator 

+90 for 180° actuator 

Table 6: Firmware configuration options 
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Actuator 
operational ramge 

CCW mechanical 
stop 

CCW max. 
operational angle 

Center angle CW max. 
operational angle 

CW mechanical 
stop 

80° -70° -40° 0° 40° 70° 

90° -70° -45° 0° 45° 70° 

104° -70° -52° 0° 52° 70° 

126° -70° -63° 0° 63° 70° 

130° -70° -65° 0° 65° 70° 

180° -95° -90° 0° 90° 95° 

Table 7: Actuator mechanical stop angles 



Figure 5: Example mechanical stop for 90° actuator

7.1

7.2
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Signal Function Pin Pin Function Signal

PWMIN PWM control input D C Vehicle ground GND

-- No pin Reserved E B No pin Reserved --

PWMOUT PWM position feedback output F A Vehicle power VBATT



  

 

 

ISO 11452-5 ESA Electromagnetic Immunity ISO 7637-2 DC Motor Acting as a Generator 

CISPR 25 ESA Radiated Emissions  

SAE J1113-26 AC Power Line Electric Fields 

(50/60 Hz) 
ISO 7637-2 Wire Harness Inductive Switching 

ISO 7637-2 Negative Switching Spikes ISO 11452-5 ESA Electromagnetic Immunity 

ISO 7637-2 Positive Switching Spikes CISPR 25 ESA Radiated Emissions 

ISO 7637-2 Parallel Inductive Load Switching 
SAE J1113-26 AC Power Line Electric Fields 

( 50/60 Hz ) 

ISO 7637-3 Negative Mutual Coupling ISO 7637-2 Negative Switching Spikes 

ISO 7637-3 Positive Mutual Coupling ISO 7637-2 Positive Switching Spikes 
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OPERATING CONDITIONS MIN NOM MAX UNITS 

Operating Temperature -40  85 °C 

Storage Temperature Range -50  105 °C 

Humidity (non-condensing) 0  95 % RH 

IP rating  IP69K   

Product life test rating 

Cycle defined as movement from one end limit to the 
other and return. 

 100,000  cycles 

Table 8: Environmental specifications 
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