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Abstract: A simple calibration procedure for the impulse measurement using a thrust stand is presented. In this procedure, the oscilla-
tion periods with and without the additional weight of known inertia of momentum are measured to determine the inertia of momen-
tum of the thrust stand arm. Once the inertia of momentum is obtained, the impulse applied to the thrust stand can be calculated from 
the displacement of the thrust stand arm. A comparison of this simple calibration procedure to the one using a force transducer was
conducted. The simple procedure provides fair results and reduces time-consuming calibration processes.
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ܬ ௗమఏ(௧)ௗ௧మ + ܿ ௗఏ(௧)ௗ௧ + (ݐ)ߠ݇ =  ୤                      (1)݈(ݐ)ܨ

 (ݐ)ݔ 
  ݈௦ (ݐ)ݔ  = ݈ୱ sin (ݐ)ߠ ൎ ݈ୱ(2)                        (ݐ)ߠ 

(1)
  ߱଴ = ଶగ்బ = ට௞௃ ߤ    , = ௖ଶ௃                             (3) 

 ௗమ௫(௧)ௗ௧మ + ߤ2 ௗ௫(௧)ௗ௧ + ߱଴ଶ(ݐ)ݔ = (ݐ)ܨ ௟౜௟౩௃                 (4) 

 ߬ 
(ݐ)ܨ  ܫ  = ቊ         ூఛ     (0 ൑ ݐ ൑ ߬)0    (߬ < (ݐ                                 (5) 

(0)ݔ  = ሶ(0)ݔ = 0                                (6) 
 

0.04 (4)
 

(ݐ)ݔ = ൞ூ௟౜௟౩௃ఠబమ ଵିୡ୭ୱ ఠబ௧ఠబఛ                              (0 ൑ ݐ ൑ ߬)ூ௟౜௟౩௃ఠబమ ୱ୧୬ഘబഓమഘబഓమ sin ߱଴ ቀݐ െ ఛଶቁ   (߬ <  (7)                (ݐ

limఛ՜଴ sin ఠబఛଶ ఠబఛଶൗ = 1
(7) (ݐ)ݔ  = ூ௟౜௟౩௃ఠబ sin ߱଴  (8)                                 ݐ

(8) 1 2
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4) ܫ ܫ୫ୟ୶Τݔ ୫ୟ୶Τߙ
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ୡୟ୪ܫ
 ݈ୡୟ୪ܣୡୟ୪

 ூౙ౗ౢ௫ౣ౗౮ = σ ஺ౙ౗ౢ,೔ூౙ౗ౢ,೔೔σ ஺ౙ౗ౢ,೔మ೔                               (9) 

ܫ  ܣ  = ௟ౙ౗ౢ௟౜ × ூౙ౗ౢ௫ౣ౗౮ ×  (10)                               ܣ
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(10)

 

(8)

 
ଵܬ 

ܬ  + ଵ ଵܶܬ 2(b) (3)  ଶగ்భ = ට ௞௃ା௃భ                                 (11) 

(3)  ݇ 
ܬ  = ௃భቀ೅భ೅బቁమିଵ                                  (12) 

 ଴ܶ   ଵܶ 
 ݈ଵ 

ܾ  ,ܽ  ,ܯ 
ଵܬ  = ଵଶ (ܽଶ + ܾଶ)ܯ +  ଵଶ                        (13)݈ܯ

ଶܬ  
2

ܬ  + ଵܬ + ଶܬ   ଵܶଶ (3)  ଶగభ்మ = ට ௞௃ା௃భା௃మ                               (14) 

(3)
 ݇ ܬ   = ௃భା௃మቀ೅భమ೅బ ቁమିଵ                                (15) 

1
ܬ  + ଵܬ  ଵܶ ܬ 2 + ଵܬ ଶܬ +   ଵܶଶ

 ଴ܶ ܬ  = ௃భା௃మቀ೅భమ೅భ ቁమିଵ െ  ଵ                           (16)ܬ

 

(12)

(15) (16)

(7) (8)

 

 ȟܬଵ,  ܶ ଴  ܶ ଵ ȟ ଴ܶ  ȟ ଵܶ
 ȟ(12) ܬ

 

୼௃௃ = ௃௃భ ඨቀ୼௃భ௃భ ቁଶ + 4 ቀ భ்்బቁସ ൜ቀȟ బ்బ் ቁଶ + ቀȟ భ்భ் ቁଶൠ                (17) 

 ୼ఠబఠబ = െ ଵଶ ୼௃௃ ୡୟ୪ܫ (18)                                  ୫ୟ୶Τݔ (17), (18)  

୼(ூౙ౗ౢ ௫ౣ౗౮Τ )ூౙ౗ౢ ௫ౣ౗౮Τ = ଵଶ ௃௃భ ඨቀ୼௃భ௃భ ቁଶ + 4 ቀ భ்்బቁସ ൜ቀȟ బ்బ் ቁଶ + ቀȟ భ்భ் ቁଶൠ      (19)  ଵܶ  ଵܶଶ (16)

 ȟ(ܫୡୟ୪ ୫ୟ୶Τݔ ୡୟ୪ܫ( ୫ୟ୶Τݔ = 12 ܬ + ଵܬଵܬ + ଶܬ ܬ + ܬଵܬ  

× ටቀ௃ି௃మ௃ା௃భቁଶ ቀ ୼௃భ௃ା௃భቁଶ + ቀ ୼௃మ௃ା௃భቁଶ + 4 ቀ భ்మభ் ቁସ ൜ቀ୼ భ்మభ்మ ቁଶ + ቀ୼ భ்భ் ቁଶൠ   (20) 

(20)

0 1 (19)

ଵܬ  ՜ 0, οܬଵ ՜ 0,  ଵܶ ՜  ଴ܶ, ο ଵܶ ՜  ο ଴ܶ ܬଶ ՜ ,ଵܬ ଵܶଶ ՜  ଵܶ,  ο ଵܶଶ ՜  ο ଵܶ (19)

 

(19)

ܭ  ܭ  ؠ ଵଶ ௃௃భ ට4 ቀ భ்்బቁସ = ௃௃భ ቀ భ்்బቁଶ = ௃௃భ ௃ା௃భ௃ = ௃௃భ + 1       (21)  ଵܶ  ଵܶଶ (20)

ܭ  ؠ ଵଶ ௃ା௃భ௃భା௃మ ௃ା௃భ௃ ට4 ቀ భ்మభ் ቁସ = ௃ା௃భ௃భା௃మ ௃ା௃భ௃ ௃ା௃భା௃మ௃ା௃భ = ௃ା௃భ௃భା௃మ ௃ା௃భା௃మ௃  (22) 

 

ୟୢୢ 3ܬ  (22)

2 1 ଴ܶ  ଵܶ (21)
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 ଵܶ  ଵܶଶ (22)

ଵܬ  = ଶܬ =  ξ2/ܬ
2 ଵܬ  = ଶܬ =  2/ܬ

1

 2/ܬ 
  ଵܶ, ଵܶଶ  2/ܬ

1  ଴ܶ, ଵܶ
 

 

(1) 

ୡୟ୪ܫ  ୫ୟ୶Τݔ  (9)  
ୡୟ୪ܫ  (2) ୫ୟ୶Τݔ  ( (8)  ௃ఠబ௟౜௟౩ ) 

ୡୟ୪ܫ  ୫ୟ୶Τݔ  
ୡୟ୪ܫ  ୫ୟ୶Τݔ  

 

290 mm
PCB Piezotronics

ICP® 209C01 480E09
±15%

LK-500
275 mm  

2.385 kg 2.400 kg 
173 mm 27 mm

123 mm 
1 0.04634±0.00046 kg·m2 2

0.09306±0.00093 kg·m2

10 20
6

 
 

1
 10 

ܫ  ୫ୟ୶Τݔ  4.62±0.10 N·s/mm 10 
R2 0.9920

±15% 
4.62±0.81 N·s/mm  

2 ଵܶ, ଴ܶ
0.0601±0.0005 kg·m2 ଶܶ ,  ଴ܶ

0.0589±0.0004 kg·m2 ଵܶଶ, ଵܶ
0.0558±0.0010 kg·m2

3

2

1
: ܫ ୫ୟ୶Τݔ = 4.62±0.10 N·s/mm
mm N·s ܫ ୫ୟ୶Τݔ N·s/mm

1 0.0213 0.0980 4.61
2 0.0188 0.0830 4.43
3 0.0220 0.0986 4.48
4 0.0235 0.110 4.70
5 0.0235 0.111 4.74
6 0.0128 0.0583 4.57
7 0.0108 0.0495 4.60
8 0.0135 0.0635 4.70
9 0.0143 0.0670 4.70
10 0.0140 0.0655 4.69

2

0.8003±0.0015 s
1 1.065±0.002 s J1 = 0.04634 kg·m2

1 2 1.286±0.003 s J1 = 0.04634 kg·m2

J2 = 0.04668 kg·m2
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4

ܬ    
0.06257±0.0011 kg·m2 ܫ  ୫ୟ୶Τݔ  

6.160±0.093 N·s/mm

ܫ  ୫ୟ୶Τݔ 3

ܫ  ୫ୟ୶Τݔ  
R2 0.9920

 

 

ܫ ୫ୟ୶ Τݔ 2%
17%

1
5%

3

ܫ4 ୫ୟ୶Τݔ 1.5%

2
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