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SECTION 1.0 - RSL TOOL SAFETY 
 

¶ When RSL tools (with high force/torque, high pressure fluid/air, and electricity) are used they require operator: 
o Adhere to strict safety procedures and operating instructions 
o Accept primary responsibility for safety.   
o Do not rush the job! 

¶ HYDRATIGHT offers free videos and training.  This manual and additional safety related services are designed to: 
o Assist in proper personnel training for use and care of RSL tools. 
o Help prevent accidents and improve safety. 

 
Operator must read, understand, and comply with all operating instructions prior to and during RSL 
operation!  Failure to do so may result in severe or fatal injury.   

 
 

Hydratight highly recommends that one properly trained person hold and control operation of tool. 
When two-person operation cannot be avoided: 

¶ A risk assessment must be performed that fully addresses specific application, communication, and 
coordination of tool operation between two users. 

¶ Person HOLDING wrench must control operations and give command to energize pump. 
 
 
Set-up proper tool reaction!   

¶ Incorrect set-up, or socket size, may cause tool, socket, nut, etc. to fracture and injure operator.     

¶ Cocking (socket fitting over nut at angle) is most common cause of socket fracture.   
 

High hydraulic pressure hazard, 10,000 psi (690 bar)! 

¶ Use proper tools, hoses, fittings and protective equipment. 

¶ Keep clear of leaking hydraulic fluid.  Immediately repair/replace tool, hoses, etc. 

¶ Never exceed maximum working pressure marked on power head. 
 

Immediately replace damaged hoses.   

¶ Damaged hoses may release hydraulic fluid under pressure and cause injury. 

¶ Do not expose hoses to damaging conditions! 

¶ Hose damage may result from mechanical, thermal, or chemical abuse. 

¶ Do not use hoses as a handle or lift strap when lifting or moving tool  
 

Maintain equipment in good working condition!   

¶ Inspect for cracks/wear. 

¶ Immediately replace damaged parts and remove damaged equipment from service. 

¶ Lubricate moving parts with SWEENEY 503 lubricant. 

¶ Check for loose parts prior to operation 
 

Electrical: 

¶ Follow proper lockout and tag procedures (include all power supplies) before performing 
maintenance! 

¶ Identify and eliminate all electric hazards.   Do not use frayed or damaged electrical cords.  

¶ Electric pump: 
o Do not use in explosive or wet environments!   
o Make sure grounding, power supply, and extension cord meet all appropriate electrical 

codes.   
 

Wear safety glasses!     

¶ Eye protection is necessary when working with or near our tool or hydraulic system.  

¶ Always use correct personal protective equipment (PPE) such as:  safety harness, ear plugs (hearing 
protection), hard hat, steel toe shoes, high visibility clothing, gloves, hair restraints, and coveralls. 

 
 
Keep clear of pinch points!   

¶ Keep hands, fingers, etc. clear of reaction area and other tight spaces with moving parts. 
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SECTION 1.0 - RSL TOOL SAFETY (continued) 
 
Never position yourself in line with equipment under tension or pressure.   

¶ Stay clear of potential projectiles. 
 
 
 
Do not subject any equipment, tool, or accessory to impact!  
Do not modify tool! 

¶ Unauthorized modifications may cause injury.  

¶ Contact HYDRATIGHT for special tool applications or modifications. 
 

Tool is a potential fall hazard when used overhead.  To avoid a fall hazard: 

¶ Securely tie tool off to a fixed object, and (as needed) secure socket to square drive with pin and ring. 

¶ Securely attach reaction arm to power head with reaction armôs locking device (e.g. dialock). 

¶ Operatorôs hazard analysis may determine that reaction arm must be further retained. Contact 
Hydratight for Bulletin 116, which shows how to properly tie reaction arm to power head with a cable. 

 

 
Always assess risks and mitigate hazards 

 
 

SECTION 1.1 - GENERAL SAFETY 
 
 
Protect yourself against a fall.  Use proper equipment & follow proper procedures when working at 
height. 
 

 
  
 
 
Do not use tool while tired or under the influence of drugs, alcohol, or medication. 
 

 
 

 
 
 

Work with a valid permit when required. 

 

 

 

 

 

Do not walk under a suspended load. 

 

 

 
Follow site smoking rules as required. 
 
 
 
 

¶ Work site:  
o Keep work site clean. 
o Maintain adequate work space. 

o Clear area of flammable substances. 
 
¶ Keep loose clothing, long hair, or any other unsecured parts away from operating machines. 
  

¶ If a power failure occurs, set control valves and switches to proper position. 
Valves are typically ñclosedò and switches are typically ñoffò. 
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SECTION 1.2 - RSL TOOL SAFETY ï PUMP TAG 
 

¶ RSL tools are powered by an electric or air powered hydraulic pump.   

¶ Attach safety tag (below) to pump to ensure operator has important safety and operating instructions.  

¶ Refer to pumpôs manual for the pumpôs safety and operating instructions. 
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SECTION 2.0 - SPECIFICATIONS - SQUARE DRIVE TOOLS 

 

 
 

TABLE 2.0-1 

Square Drive Dimensions and Specifications 

Square 

Drive 

Model 

Max Output 

Torque 

Square 

Drive 

Size 

W W1 H L L1 R 

Weight 

Power Head 
Reaction 

Arm  

Sq. Dr. 

Head 

lb-ft  N-m in in mm in mm in mm in mm in mm in mm lb kg lb kg lb kg 

RSL2 1408 1909 0.75 1.25 32 2.30 58 4.48 114 6.29 160 7.45 189 0.94 24 3.4 1.55 1.0 0.45 2.8 1.27 

RSL4 3080 4176 1.00 1.50 38 2.88 73 5.57 141 7.67 195 10.3 262 1.25 32 5.6 2.55 2.2 1.00 5.2 2.36 

RSL6 5303 7190 1.50 1.75 45 3.71 94 6.42 163 9.27 235 11.67 296 1.52 39 8.9 4.05 4.0 1.81 9.1 4.14 

RSL8 7862 10659 1.50 2.40 61 4.14 105 6.65 169 9.47 241 11.78 300 1.52 39 10.6 4.82 4.3 1.95 11.6 5.27 

RSL14 11154 15123 1.50 2.50 64 4.63 118 7.93 201 11.2 284 12.4 315 1.88 48 11.6 5.27 6.6 3.00 18.4 8.36 

RSL20 18843 25547 2.50 3.25 83 6.38 162 9.48 241 13.46 342 18.97 482 2.5 64 20.0 9.09 15.7 7.12 28.9 13.14 

RSL30 28002 37965 2.50 3.50 89 6.54 166 10.35 263 14.09 358 21.07 536 2.5 64 22.0 10.00 11.1 5.03 39.3 17.86 
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SECTION 2.1 ï SPECIFICATIONS 

HEX BITS (MALE HEX INSERTS) FOR SQ. DR. TOOLS 
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SECTION 2.2 - SPECIFICATIONS - HEX WRENCH 
 

 
TABLE 2.2-1 

Hex Wrench Dimensions and Specifications 

Hex 
Wrench 
Model & 
Housing 

Max. AF Size 
Max Torque 

Output 
R L W H 

inch 
(decimal) 

inch 
(fraction) 

mm lb-ft N-m inch mm inch mm inch mm inch mm 

RSL2H014 0.875  7/8 22 320 433.9 0.79 20.1 6.00 152.4 1.25 31.8 4.33 110 

101 1.062 1  1/16 27 640 867.7 0.95 24.1 6.05 153.7 1.25 31.8 4.50 114.3 

104 1.250 1 1/4 31 640 867.7 1.03 26.2 6.12 155.4 1.25 31.8 4.57 116.1 

107 1.562 1  7/16 36 900 1220.2 1.15 29.2 6.24 158.5 1.25 31.8 4.69 119.1 

110 1.625 1 5/8 42 1408 1909 1.31 33.4 6.41 162.8 1.25 31.8 4.86 123.4 

113 1.813 1 13/16 46 1408 1909 1.40 35.5 6.49 164.8 1.25 31.8 4.94 125.5 

200 2.000 2 50 1408 1909 1.48 37.7 6.58 167.1 1.25 31.8 5.03 127.8 

203 2.188 2  3/16 55 1408 1909 1.58 40.1 6.68 169.7 1.25 31.8 5.13 130.3 

206 2.375 2 3/8 60 1408 1909 1.70 43.2 6.79 172.5 1.25 31.8 5.24 133.1 

RSL4H104 1.250 1 1/4 32 600 813.5 1.03 26.2 7.45 189.2 1.38 35.1 5.35 135.9 

107 1.438 1  7/16 36 900 1220.2 1.18 30 7.62 193.5 1.38 35.1 5.49 139.4 

110 1.625 1 5/8 41 1200 1627 1.32 33.5 7.77 197.4 1.38 35.1 5.63 143 

113 1.813 1 13/16 46 1900 2576 1.47 37.3 7.87 199.9 1.38 35.1 5.78 146.8 

200 2.000 2 50 2600 3525.1 1.60 40.6 8.04 204.2 1.38 35.1 5.92 150.4 

203 2.188 2  3/16 55 3080 4175.9 1.76 44.7 8.16 207.3 1.38 35.1 6.08 154.4 

206 2.375 2 3/8 60 3080 4175.9 1.84 46.7 8.25 209.6 1.38 35.1 6.15 156.2 

209 2.562 2  9/16 65 3080 4175.9 1.95 49.5 8.14 206.8 1.38 35.1 6.26 159 

212 2.750 2  3/4 70 3080 4175.9 2.04 51.8 8.23 209 1.38 35.1 6.36 161.5 

215 2.938 2 15/16 74 3080 4175.9 2.16 54.9 8.34 211.8 1.38 35.1 6.54 166.1 

RSL6H200 2.000 2 50 2600 3525.1 1.61 40.9 9.08 230.6 1.75 44.5 6.52 165.6 

203 2.188 2  3/16 55 3500 4745.3 1.71 43.4 9.18 233.2 1.75 44.5 6.62 168.1 

206 2.375 2  3/8 60 4500 6101.1 1.87 47.5 9.34 237.2 1.75 44.5 6.78 172.2 

209 2.562 2  9/16 65 5303 7189.8 2.01 51.1 9.48 240.8 1.75 44.5 6.92 175.8 

212 2.750 2  3/4 70 5303 7189.8 2.16 54.9 9.63 244.6 1.75 44.5 7.07 179.6 

215 2.938 2 15/16 75 5303 7189.8 2.24 56.9 9.71 246.6 1.75 44.5 7.15 181.6 

302 3.125 3  1/8 80 5303 7189.8 2.26 57.4 9.73 247.1 1.75 44.5 7.17 182.1 
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SECTION 2.2 - SPECIFICATIONS - HEX WRENCH 
 

 
 

TABLE 2.2-2 

Hex Wrench Dimensions and Specifications 

Hex 
Wrench 
Model & 
Housing 

Max. AF Size 
Max. Output 

Torque 
R L W H 

in. 
(decimal) 

in. 
(fraction) 

mm lb-ft N-m in. mm in. mm in. mm in. mm 

RSL8H203 2.188 2  3/16 55 3500 4745.3 1.71 43.4 9.37 238.0 2.25 57.2 6.84 173.7 

206 2.375 2  3/8 60 4500 6101.1 1.87 47.5 9.53 242.1 2.25 57.2 7.00 177.8 

209 2.562 2  9/16 65 5800 7863.6 2.10 53.3 9.67 245.6 2.25 57.2 7.13 181.1 

212 2.750 2  3/4 70 7862 10659.3 2.16 54.9 9.82 249.4 2.25 57.2 7.28 184.9 

215 2.938 2 15/16 75 7862 10659.3 2.24 56.9 9.90 251.5 2.25 57.2 7.36 186.9 

302 3.125 3  1/8 - 7862 10659.3 2.26 57.4 9.92 252.0 2.25 57.2 7.39 187.7 

302 - - 80 7300 9897.3 2.26 57.4 9.92 252.0 2.25 57.2 7.39 187.7 

RSL14H209 2.562 2  9/16 65 5800 7863.6 1.98 50.3 10.00 254.0 2.50 63.5 8.03 204.0 

212 2.750 2  3/4 70 7300 9897.3 2.19 55.6 11.20 284.5 2.50 63.5 8.23 209.0 

215 2.938 2 15/16 75 9000 12202.2 2.29 58.2 11.31 287.3 2.50 63.5 8.34 211.8 

302 3.125 3  1/8 79 11154 15122.6 2.43 61.7 11.44 290.6 2.50 63.5 8.47 215.1 

308 3.500 3  1/2 89 11154 15122.6 2.60 66.0 11.71 297.4 2.50 63.5 8.64 219.5 

314 3.875 3  7/8 98 11154 15122.6 2.88 73.2 11.89 302.0 2.50 63.5 8.92 226.6 

404 4.250 4  1/4 108 11154 15122.6 2.98 75.7 12.00 304.8 2.50 63.5 9.03 229.4 

410 4.625 4  5/8 117 11154 15122.6 3.25 82.6 12.27 311.7 2.50 63.5 9.30 236.2 

RSL20H302 3.125 3  1/8 79 11000 14913.8 2.45 62.2 12.72 323.1 2.75 69.9 9.44 239.8 

308 3.500 3  1/2 89 16000 21692.8 2.77 70.4 13.04 331.2 2.75 69.9 9.76 247.9 

314 3.875 3  7/8 98 18843 25547.3 2.95 74.9 13.22 335.8 2.75 69.9 9.94 252.5 

404 4.250 4  1/4 108 18843 25547.3 3.30 83.8 13.57 344.7 2.75 69.9 10.28 261.1 

410 4.625 4  5/8 117 18843 25547.3 3.44 87.4 13.71 348.2 2.75 69.9 10.43 264.9 

RSL30H308 3.500 3  1/2 89 16000 21692.8 2.56 65.0 14.36 364.7 3.00 76.2 10.54 267.7 

314 3.875 3  7/8 98 22000 29827.6 2.92 74.2 14.36 364.7 3.00 76.2 10.77 273.6 

404 4.250 4  1/4 108 28002 37965.1 3.29 83.6 14.47 367.5 3.00 76.2 11.14 283.0 

410 4.625 4  5/8 117 28002 37965.1 3.43 87.1 14.61 371.1 3.00 76.2 11.28 286.5 

500 5.000 5 127 28002 37965.1 3.65 92.7 14.83 376.7 3.00 76.2 11.50 292.1 

506 5.375 5  3/8 136 28002 37965.1 3.79 96.3 14.97 380.2 3.00 76.2 11.64 295.7 

512 5.750 5  3/4 146 28002 37965.1 4.05 102.9 15.23 386.8 3.00 76.2 11.90 302.3 

602 6.125 6  1/8 155 28002 37965.1 4.22 107.2 15.48 393.2 3.00 76.2 12.15 308.6 
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SECTION 2.3 - SPECIFICATIONS 
NOMINAL OUTPUT TORQUE VS. PRESSURE TABLE 

 
TABLE 2.3-1 

PRESSURE / TORQUE CONVERSION CHART FOR RSL TOOLS 

PRESSURE RSL2 RSL4 RSL6 RSL8 RSL14 RSL20 RSL30 

PSI BAR lb-ft Nm lb-ft Nm lb-ft Nm lb-ft Nm lb-ft Nm lb-ft Nm lb-ft Nm 

1000 69 123 167 290 393 457 620 725 983 961 1303 1957 2653 2298 3116 

1200 83 152 206 352 477 564 765 884 1199 1188 1611 2332 3162 2869 3890 

1400 97 180 244 414 561 672 911 1043 1414 1414 1917 2708 3672 3440 4664 

1600 110 209 283 476 645 780 1058 1201 1628 1641 2225 3083 4180 4012 5439 

1800 124 238 323 538 729 888 1204 1360 1844 1867 2531 3458 4688 4583 6214 

2000 138 267 362 600 813 995 1349 1518 2058 2094 2839 3822 5182 5154 6988 

2200 152 296 401 662 898 1103 1495 1677 2274 2320 3145 4209 5707 5725 7762 

2400 165 324 439 724 982 1211 1642 1836 2489 2547 3453 4584 6215 6296 8536 

2600 179 353 479 786 1066 1318 1787 1994 2703 2773 3760 4959 6723 6868 9312 

2800 193 382 518 848 1150 1426 1933 2153 2919 3000 4067 5334 7232 7439 10086 

3000 207 411 557 910 1234 1534 2080 2311 3133 3226 4374 5710 7742 8010 10860 

3200 221 439 595 972 1318 1641 2225 2470 3349 3453 4682 6085 8250 8581 11634 

3400 234 468 635 1034 1402 1749 2371 2629 3564 3679 4988 6460 8758 9152 12408 

3600 248 497 674 1096 1486 1857 2518 2787 3779 3906 5296 6835 9267 9724 13184 

3800 262 525 712 1158 1570 1964 2663 2946 3994 4132 5602 7210 9775 10295 13958 

4000 276 554 751 1220 1654 2072 2809 3104 4208 4359 5910 7586 10285 10866 14732 

4200 290 583 790 1282 1738 2180 2956 3263 4424 4585 6216 7961 10794 11437 15506 

4400 303 611 828 1344 1822 2288 3102 3422 4640 4812 6524 8336 11302 12008 16280 

4600 317 640 868 1406 1906 2395 3247 3580 4854 5038 6831 8711 11810 12579 17055 

4800 331 669 907 1468 1990 2503 3394 3739 5069 5265 7138 9087 12320 13151 17830 

5000 345 697 945 1530 2074 2611 3540 3897 5284 5491 7445 9462 12829 13722 18604 

5200 359 726 984 1592 2158 2718 3685 4056 5499 5718 7752 9837 13337 14293 19378 

5400 372 754 1022 1654 2242 2826 3831 4215 5715 5944 8059 10212 13845 14864 20153 

5600 386 783 1062 1716 2327 2934 3978 4373 5929 6171 8367 10588 14355 15435 20927 

5800 400 811 1100 1778 2411 3041 4123 4532 6144 6397 8673 10963 14864 16007 21702 

6000 414 840 1139 1840 2495 3149 4269 4690 6359 6624 8981 11338 15372 16578 22476 

6200 427 868 1177 1902 2579 3257 4416 4849 6574 6850 9287 11713 15880 17149 23251 

6400 441 897 1216 1964 2663 3364 4561 5008 6790 7077 9595 12089 16390 17720 24025 

6600 455 925 1254 2026 2747 3472 4707 5166 7004 7303 9901 12464 16899 18291 24799 

6800 469 954 1293 2088 2831 3580 4854 5325 7220 7530 10209 12839 17407 18863 25574 

7000 483 982 1331 2150 2915 3688 5000 5483 7434 7756 10516 13214 17916 19434 26349 

7200 496 1011 1371 2212 2999 3795 5145 5642 7649 7983 10823 13589 18424 20005 27123 

7400 510 1039 1409 2274 3083 3903 5292 5801 7865 8209 11130 13965 18934 20576 27897 

7600 524 1068 1448 2336 3167 4011 5438 5959 8079 8436 11438 14340 19442 21147 28671 

7800 538 1096 1486 2398 3251 4118 5583 6118 8295 8662 11744 14715 19951 21719 29447 

8000 552 1125 1525 2460 3335 4226 5730 6276 8509 8889 12052 15090 20459 22290 30221 

8200 565 1153 1563 2522 3419 4334 5876 6435 8725 9115 12358 15466 20969 22861 30995 

8400 579 1181 1601 2584 3503 4441 6021 6594 8940 9342 12666 15841 21477 23432 31769 

8600 593 1210 1641 2646 3587 4549 6168 6752 9154 9568 12972 16216 21986 24003 32543 

8800 607 1238 1678 2708 3672 4657 6314 6911 9370 9795 13280 16591 22494 24575 33319 

9000 621 1266 1716 2770 3756 4764 6459 7069 9584 10021 13586 16967 23004 25146 34093 

9200 634 1295 1756 2832 3840 4872 6605 7228 9800 10248 13894 17342 23512 25717 34867 

9400 648 1323 1794 2894 3924 4980 6752 7387 10015 10474 14201 17717 24021 26288 35641 

9600 662 1351 1832 2956 4008 5087 6897 7545 10230 10701 14508 18092 24529 26859 36415 

9800 676 1380 1871 3018 4092 5195 7043 7704 10445 10927 14815 18467 25038 27431 37191 

10000 689 1408 1909 3080 4176 5303 7190 7862 10659 11154 15123 18843 25547 28002 37965 

1)      1 PSI = 6.894757 kPa         2)     1 PSI = .006894757 MPa         3)   1 PSI = .06894757 Bar        4)   1 Bar = 14.503774 PSI = .1 MPa        5)    1 lb*ft = 1.3558 N*m 
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SECTION 3.0 
WRENCH DESCRIPTION 

 
1. RSL square drive and hex tools are offered in 

seven standard models: 

 

TABLE 3.0-1 

MODEL 
MAXIMUM OUTPUT TORQUE 

 (LB*FT) (N*M ) 

RSL2 1408 1909 

RSL4 3080  4176 

RSL6 5303  7190 

RSL8 7862  10660 

RSL14 11154 15123 

RSL20 18843  25547 

RSL30 28002 37966 

Note:  See Sections 2.0 & 2.2 for more details. 

 

2. See Section 4.0 for definitions of key terms. 
3. RSL torque wrenches (tools): 

a. Enable user to accomplish bolting tasks with 
high torque, accuracy, and efficiency. 

b. Are powered by hydraulic pump operated at 
pressures: 

i. Up to 10000 psi (690 bar) for advance 
stroke. 

ii. From 1500 to 1700 psi for retract stroke.    
c. Apply a specific tension (tighten/makeup) to 

studs, bolts and cap screws.  It does this by:  
i. Applying proper torque value for a specific 

bolt material, bolt size, & lubricant.  
ii. Refer to torque vs. pressure certificate of 

precision for each tool, or Table 2.3-1 for 
the nominal torque vs. pressure table.  

iii. Desired fastener tension is achieved by: 
1) Precisely controlling pump pressure  
2) Use torque vs. pressure certificate of 

precision for individual tool to apply 
proper torque.   

3) Controlling fastener frictional forces 
between stud/nut, and nut/flange by:  
-   Use lubricant with known friction 
coefficient on threads, nut face, etc. 
- Bolts/nuts are not damaged or dirty 

d. Are used to remove fastener tension 
(loosen/breakout). 
 

 

Caution!    
1. Do not modify any equipment or 

accessories.    
2. Contact HYDRATIGHT for special 

applications or modifications. 
3. Unauthorized modifications may 

cause injury and/or damage plus 
invalidate warranty. 

 

 

SECTION 4.0 ï RSL TERMS & 
BOLTING CALCULATIONS 

1. AF ï Across Flat 
2. Full torque hex wrench ï A hex wrench with a 

housing which is strong enough to be rated at the 
maximum torque for a RSL series.  See torque 
rating in Table 2.2-1 and Table 2.2-2. 

3. Male hex bit ï Insert for a square drive tool which 
replaces the square drive with a hex version.  
Typically used on socket head cap screws.  See 
Table 2.1-1. 

4. Reduced torque hex wrench - A hex wrench with a 
housing which ñis notò strong enough to be rated at 
the maximum torque for a RSL series.  See torque 
rating in Table 2.2-1 and Table 2.2-2. 

5. RSL  - Ratcheting Slim Line  
6. RSLxxSDS ï RSL Square Drive Wrench Set 

(e.g. RSL30SDS, RSL4SDS) 
7. RSLxxHxxx ï RSL Hex Wrench Set 

a. RSLxxHxxx ï RSL30H602 (RSL30 for a  6-
2/16ò or 6-1/8ò AF Fastener) 

b. RSLxxHxxM ï RSL2H60M (RSL2 for a 60 mm 
AF Fastener) 

7. Torque ï The tendency of a force to rotate an 
object about an axis (twist).  Force times distance 
from object axis.   

8. Torque vs. Pressure Certificate of Precision ïA 
torque vs. pressure table and curve for a given 
power head & wrench assembly. 

 
 

Pump (Console) 
 

 
 

Swivels ï Square Drive Wrench 
 

FIGURE 4.0ï1 TERMS  

Swivel 
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SECTION 4.0 (continued) 
  

 
 

Power Head 
 

 
 

QDôs for Power Head Hoses 
CEJN 

 

 
 

QDôs for Power Head Hoses 
Screw Type w/ Relief Valve 

 

 
 

Reaction Arm 
 

 
 

Insert, Hex 
 

FIGURE 4.0ï2 TERMS 

 

 
 

Hex Wrench Head 
(RSLxxHxxxxxx) 

 

 
 

Hex Wrench Set 
 

 
Square Drive 

       Hex Bit 
(Male Hex Insert) 

 

 
 

Square Drive Wrench Head 
(RSLxxS) 

 

 
 

Square Drive Wrench Set (SDS) 

FIGURE 4.0ï3 TERMS 

Low Pressure 
Retract Stroke 
 
 
High Pressure 
Advance Stroke 
 

Low Pressure 
Retract Stroke 
 
High Pressure 
Advance Stroke 
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SECTION 4.0 - TERMS & BOLTING 
CALCULATIONS (CONTINUED) 

 

Warning:  

- The formulaôs below include simplifications     
& give estimates of torque, elongation, etc. 

- Use formulas with care for critical applications. 
- Refer to ASME PCC-1-2010 for more 
information.    

 

9. TENSION 

a. To prevent bolted joint leaks, it is necessary to: 
i. Generate evenly distributed clamp force 

around joint.   
ii. Generate clamp force greater than 

operational loads.   
iii.  Keep stud tension stress (from clamp force 

and operational loads) below stud material 
yield strength. 

b. Notes:   
i. Create joint clamp force by generating stud 

tensile load with: 
1) Controlled torque applied to nuts 
2) Controlled stud elongation   

ii. Correct tension is established by equipment 
manufacturer, and/or governing 
codes/standards for a particular application.   

iii.  Tension can be expressed as: 
1) Stud tensile stress 
2) Percent stud material yield strength 
3) Stud elongation 
4) Nut rotation (degrees). 

   

10. TORQUE TENSIONING & CALCULATIONS 

a. Frictional torque between stud/nut threads and 
mating surfaces (e.g. nut face/flange) must be 
known and controlled to determine torque amount 
for desired stud (bolt) tension. 

b. Determine required torque for desired stud (bolt) 
tension with:    

 

 

 

Where: 

T      = Torque required (lb*ft). 

F      = Tension (Stud/bolt) required (lb). 

P      = Thread Pitch (inch/thread) 

Rt    = Thread pitch radius. (in.) (Fig 4.0-4). 

Ὑὸ
Ὀὸ

ς
  Ȣσςτχυὖz 

Dt    = Thread pitch dia. (in.) (Fig 4.0-4). 

ɓ      = Included thread angle (degrees) (Fig 4.0-4).  

For UN or ISO threads ɓ is typically 60°.  

     For ɓ = 60°; cos (60°/2) = .866  

Rn    = Mean nut face radius. (in.) (Fig 4.0-2). 
 

Ὑὲ ὔόὸ ὃὊ ὄέὰὸ ὌέὰὩ ὈὭὥȢȾτ 
 

ät     = Friction coefficient ï threads. 

än    = Friction coefficient ï nut face. 
 
 
 

 
 

c. Torque required for stud tension will vary 
significantly with changes in lubrication friction 
coefficient.  Changes may be from contamination, 
using different lubrication, etc. 
 

d. Minimize variation in torque required for a given 
stud tension: 
i. Use lubricant with known friction coefficient. 
ii. Periodically calibrate pump/gauge, & 

regulate pump pressure. 
iii.  Perform regular torque vs. pressure 

certificate of precision  tests 
 

11. ELONGATION TENSIONING & CALCULATIONS 
a. Determine required stud or bolt elongation for 

desired tension with: 
  
 
 

 
b. Where ( Refer to Fig. 4.04-4 & 4.04-5):              

D      = Stud (bolt) elongation (inch (in.)).  
Lbe = Body effective length (in.). 

Lte   = Thread effective length (in.). 

Bolt:    Lbe = Lb + h*Lh 

    Lte = Lt + g*Ln 

Stud:   Lbe = Lb 

            Lte = Lt1 + g*Ln1 + Lt2 + g*Ln2 

Where:   

Lb   = Body length 

h     = Head Length Factor (.3 to .6 (.5 typ.)) 

Lh   = Bolt Head Height 

Lt, Lt1, Lt2 = Thread length 

g     = Nut Length Factor (.3 to .6 (.5 typ.)) 

Ln, Ln1, Ln2 = Nut Thickness 

E    = Stud (bolt) modulus of elasticity (lb/in^2). 

(e.g. Typical Steel = 30000000 lb/in^2 (psi)) 

As   = Stud (bolt) tensile area (in^2) 
Ar   = Thread root area (in^2) 
 

Where:  
-----------------------------------------------------------------  

             
 

         
 

Formula is for fasteners with yield stress equal to 
or less than 100000 psi 
---------------------------------------------------------------- 

 
 

 
 

Formula is for fasteners with yield stress greater 
than 100000 psi 
---------------------------------------------------------------- 

 
 
 

 
---------------------------------------------------------------- 
Db = Nominal stud (bolt) diameter (in.). 
Dmin = Minimum pitch diameter (in.) 
n    =   Threads per inch 

  

ù
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SECTION 4.0 - TERMS & BOLTING 
CALCULATIONS (CONTINUED) 

 

 

FIGURE 4.0-4 
STUD AND NUT DIMENSIONS 

 

 

FIGURE 4.0-5 
BOLT AND NUT DIMENSIONS 
 

c. Determine stud (bolt) elongation by: 
i. Measure length before tension = L1 
ii. Measure length after tension    = L2 
iii. Elongation = L2 ï L1 
iv. If elongating by heat: 

1) Measure length = L3 
2) Apply load by: 

a) Heat stud (bolt) 
b) Turning nut against flange 
c) Allow to cool (normally 24 hours) 

3) Measure length = L4 
4) Elongation = L4 ï L3   

v. Measure blind hole elongation: 
1) Drill flat-bottom hole along stud axis. 
2) Measure hole depth before tension = L5 
3) Measure depth after tension = L6 
4) Elongation = L6 ï L5 

 

d. Calculate torque required to produce a given 
elongation: 
 

i. Calculate force (FF) required for given 
elongation (DD) using: 
 

ù
ú

ø
é
ê

è
+=

Ar*E

Lte

As*E

Lbe
/DDFF  

   

ii. Calculate  torque (TT) to produce force (FF) 
using:                   

öö
÷

õ
ææ
ç

å
++= f*Rn

)/cos(

f*Rt

.

P
*

FF
TT

2283612 b
 

SECTION 5.0 - PLANNING 

1. Warning!  Bolt joint failure can cause injury, death, 

extensive damage, significant down time, etc.  In 
these critical applications our customers: 
a. Implement a program where each tool has a 

periodically generated torque vs. pressure 
certificate of precision to account for tool wear. 

b. Periodically check the bolt pre-load of installed 
fasteners with Ultra-sonic or ñother methodsò. 

c. Periodically re-check fasteners to ensure they 
are not loosening after the equipment has been 
in operation. 
 

2. When required bolted joint pre-load accuracy is high: 
a. Hydratightôs wrench pressure calculations: 

i. Use our best customs and practices.  
ii. Have been reliable for many years. 

b. Hydratight has learned thru experience with 
many customers on many different applications 
that achieving desired bolted joint pre-load is 
greatly influenced by:  joint component quality, 
joint alignment, lubricant quality, assembly 
procedures, and technician training. 

c. If the requirements in 2.b. are met for normal 
plant or machine conditions, accuracy of bolt 
joint pre-load will range from ±10% to ±25% 
(depending on application).   

d. If greater accuracy than 2.c. is required, 
Hydratight recommends calibrating tightening 
process by measuring residual bolt load. 

 
3. Hydratight recommends hiring properly trained, 

qualified, and certified Joint Assembly Technicians. 
 

4. Warning!  Sections 5.0-1 thru 5.0-3 are extremely 

important and must be included in planning bolted 
joint assembly process.  If you require assistance, 
contact Hydratight. 
 

5. Tool application: 
a. Controlled torque tightening. 
b. Stud elongation tightening. 
c. Loosen fasteners. 

 
6. Determine required torque: 

a. The best method is to use equipment 
manufacturerôs torque values and follow their 
procedures.   

b. Table 10.0-1 & 10.0-2 list torque values for 
common ASTM A193 studs, lubricants, and 
other conditions. 

c. Warning!  Your application must match table 

conditions. If application does not match, go to 
next step. 

d. Use Hydratightôs BoltUpÈ website:  
http://www.boltup.com/ 

  

http://www.boltup.com/
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SECTION 5.0 
PLANNING (cont.) 

 
e. Contact Hydratightôs Customer Service.  They 

will determine proper torque free of charge.  
Please have this information when you call   
(Fig. 4.0-4 & Fig. 4.0-5): 

i. Lubricant type and friction coefficient. 
ii. One of the following.  Desired stud (bolt):  

1) Tensile stress (pounds per sq. in.) 
2) % of materialôs yield or tensile strength. 
3) Tensile load (pounds force). 

iii. Grip length (Lg) 
iv. Stud (bolt): 

a. Stud (bolt) nominal diameter (Db)  
b. Lengths (L, Lb, Lc, Lg, Lh, Ls) 
c. Threads per in. (n), or in. per thread (P) 
d. Grade (B7, B8, B16 etc.).  
e. Hollow studôs inner diameter. 

v. Nut: 
a.  Size across flat (AF) 
b. Thickness (Ln, Ln1, Ln2) 
c. Type (regular hex, heavy hex, or other). 
d. Grade 

vi. If stud elongation or nut rotation method is 
used to measure tension, provide: 
1) Required elongation 
2) Required nut rotation 
3) Thread length (Lt, Lt1, Lt2) 
4) Effective length info. (Section 4.0-11). 

vii. Gasket material, type, size, etc.  
f. Hydratight recommends sizing a tool for 

loosening (breakout) which is: 
i. At least 1-1/2 to 2 times tightening torque. 
ii. Four times tightening torque for some 

applications 
 

7. Evaluate which tool should be used (square drive or 
hex).  See figure 5.0-1 and 5.0-2. 
a. Sq. dr. tool with impact socket or male hex bit:   

i. See Table 2.0-1 for standard square drive 
sizes and maximum output torque limits. 

ii. RSL square drive tools are used with 3/4" to 
2-1/2" square drive impact sockets. 

iii. Square drive tools & impact sockets (or 
male hex bits - Table 2.1-1) are used when: 
1) Little space limitations exist. 
2) Light weight tool required to reduce 

technician fatigue. 
3) Large quantity of fasteners tightened. 
4) Maximum tool versatility required.  For 

a given torque range technician can 
easily change sockets for different 
fastener sizes. 

5) Socket head cap screws (which require 
male hex drives) are tightened. 

 

b. Hex tool: 
i. Table 2.2-1 and Table 2.2-2 list available full 

& limited-torque hex wrench heads. 
1) Maximum (max.) operating pressures 

vary for limited torque hex wrenches.   
2) Max. torque stamped on wrench. 
3) Wrench head is rated for max. torque 

when torque rating is not on wrench. 

 
Warning!  To avoid injury or tool damage 

do not exceed maximum torque rating.    
ii. Hex wrench tools are used when: 

1) Limited overhead space & tool with 
impact socket will not fit. 

2) Lightest weight tool is required. 
3) There are limited numbers of nut sizes. 
4) Easy bolt-to-bolt change-over is 

required. 
5) Tight bolt patterns require small nose 

radius. 
6) Minimal tool deflection is required. 

c. Different AF hex inserts are available for a given 
hex wrench model & housing size. 

 

8. Plan tool reaction.  Sect. 6.2 (Hex) and 6.3 (Sq. Dr.). 
 

9. Select tool: 
a. Hydratight offers full torque and limited torque 

wrench heads.   Reduced torque rating is 
marked on wrench housing.  

b. Table 2.0-1, 2.1-1, 2.2-1, & 2.2-2 list ratings. 
c. ñBest Practiceò method for selecting tool is to 

size tool to operate from 3000 to 6000 psi. for a 
given tightening torque (3000 to 5000 psi for high 
usage applications) 

i. This general recommendation offers best 
compromise for tool life, size, maintenance, 
& operating cost. 

ii. Use Table 2.3-1 to select tool & determine 
nominal operating pressure. 
 

10. Select hydraulic pump.   
a. Pumpôs tool extend pressure must not exceed 

10,000 psi (690 bar). 
b. Pumpôs tool retract pressure must be between 

1500 to 1700 psi (103.4 to 117.2 bar) 
c. If electric power cord is long, select proper cord 

size to minimize voltage drop.  
d. If hoses are long, contact Hydratight to check 

pressure drop. 
 

11. Check Oil: 
a. Proper oil (Standard is Hydratight HF-101): 

i. Temperature requirement 
ii. Food grade 

b. Fill console reservoir 
c. Pre-fill tool 
d. Pre-fill hoses 
e. Eliminate air from oil lines 

12. Check tool: 
a. Service properly 

i. Properly cleaned 
ii. Properly lubricated  
iii. Inspect all components for cracks/wear and 

repair as needed 
iv. Eliminate all oil leaks immediately 

b. Ensure torque vs. pressure certificate of 
precision is current.  Perform test more 
frequently when tool: 

i. Is used in critical applications. 
ii. Is operated in high torque/pressure range. 
iii. Has been used frequently. 
iv. Operates in a dirty environment with 

abrasives such as sand. 
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SECTION 5.0 - PLANNING (cont.) 
 

 
 

FIG. 5.0-1 - Square Drive Tool 
 

 
 

 
FIGURE 5.0-2 - Hex Tool 

 

 

SECTION 6.0 
OPERATING INSTRUCTIONS - FLANGE 

ASSEMBLY & DISASSEMBLY 
 

1. Perform hazard analysis before starting work 
2. If critical application, see Section 5.0 (1. thru 4.) 

3. Ensure fastener contact surfaces & flanges have 
been properly cleaned and examined 
a. Flanges 

i. Surface finish, Scratches, Nicks, Burrs, 
Flatness 

ii. Nut bearing surface ï No paint or other thick 
coating, Not scored 

b. Fasteners: 
i. No rust, corrosion, burrs 
ii. Make sure bolt/nut will turn freely by hand 

beyond position where it will come to rest.  
Do not lubricate for this test. 

iii. Fastener replacement is always safe option 
iv. See ASME PCC-1-2010 for fastener 

replacement guidelines 
4. Ensure: 

a. Joint members are properly aligned 
b. Gasket is properly installed 
c. Lubrication of fastener working surfaces been 

properly considered 

SECTION 6.1.0 
CHOOSE FLANGE ASSEMBLY METHOD 

 

1. TIGHTEN METHOD 1 ï Follow equipment 

manufacturer procedures 
2. TIGHTEN METHOD 2 ï Torque, Legacy Cross-

Pattern Tightening Sequence & Bolt Numbering, 
Single tool 8 bolt flange example - Fig. 6.1.2-1:   

a. Mark fasteners with chalk in clockwise direction 
(1, 2, 3, 4, 5, 6, 7, & 8).  These numbers are 
outside large circle in Fig. 6.1.2-1 and 
correspond to numbers in examples below 
(e.g. 1-5-3-7-2-6-4-8). 

b. Mark correct tightening sequence on studs 
 (ñ1ò, ñ2ò, ñ3ò, ñ4ò, ñ5ò, ñ6ò, ñ7ò, & 8ò).   

i. This sequence is defined by example below 
(e.g. 1-5-3-7-2-6-4-8).   

ii. These are ñcircled numbersò in Fig 6.1.2-1.   
iii. In this case ñ1ò relates to 1, ñ2ò to 5, ñ3ò to 3, 

ñ4ò to 7, ñ5ò to 2, ñ6ò to 6, ñ7ò to 4, & ñ8ò to 8. 
c. Determine torque value for each stage of stud 

tightening (Section 5.0- 6 & 4.0-10) 
i. First stage - limit to 30% of final torque. 
ii. Second stage - limit to 60% of final torque. 
iii. Third & Fourth stages - 100% of final torque. 

d. Tighten sequence: 
i. First, second & third stages: Cross-pattern 

tighten sequence in Fig. 6.1.2-1 (b). 
ii. Fourth, and Final Stage:    

1) Clockwise ñadjacent bolt-to-bolt 
tighteningò Fig. 6.1.2-1 (c). 

2) Continue until all nuts stop rotating. 
 

3. TIGHTEN METHOD 3 ï Stud Elongation Tightening 

a. Determine torque value for proper elongation.  
i. Section 5.0- 6 & 4.0-11. 
ii. (or) Contact Hydratight Customer Service 

b. Follow steps in TIGHTEN METHOD 2 

c. After 4
th
 stage, if studs are: 

i. Short ï increase torque & tighten until studs 
are proper length. 

ii. Long ï loosen until studs are proper length. 
d. Caution:  Do not over-stretch studs because 

joint parts may fail. 
4. TIGHTEN METHOD 4 ï Use Guidelines for Pressure 

Boundary Bolted Flange Joint Assembly (ASME 
PCC-1-2010). 
 

SECTION 6.1.1 
FLANGE DISASSEMBLY (LOOSEN) 

 

1. Use following when corrosion is present to minimize 
required torque to allow lower pump pressure & 
increase pump & tool life: 
a. Apply SWEENEY 501 penetrating oil to nuts & 

wait for 5 minutes (minimum). 
b. Heat fastener for hard applications with severe 

corrosion, high torque requirements, etc.: 
i. Consult with equipment manufacture 
ii. Take necessary safety precautions for high 

temperatures (Flammable materials, proper 
protective equipment, etc.). 

iii. Be safe, allow parts to cool. 
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SECTION 6.1.1 (cont.) 
 

2. Loosen all nuts 1/8 turn.  To increase tool and pump 
life set lowest pressure which consistently works.   

a. Cameron BOP Bonnet ï loosen bolts in four 
post pattern 

b. Other ï loosen bolts sequentially from nut to nut 
 

3. If torque required to initially loosen nuts was: 
a. Less than 150% of tightening torque, then 

remaining tension may be fully removed from 
each stud sequentially. 

b. Greater than 150% tightening torque, repeat 2. 
c. Warning!  Stud or flange damage may occur 

when all tension is removed from first stud 
without loosening others.  Damage occurs 
because loosened studôs load is transferred to 
remaining studs. 
 

SECTION 6.1.2 
FLANGE ASSEMBLY EXAMPLE ï METHOD 2 

  

Examples:  Legacy Cross-Pattern Tightening 
Sequence 

 4 Bolt Flange       1-3-2-4 
 

 8 Bolt Flange       1-5-3-7-2-6-4-8 
 

12 Bolt Flange      1-5-9-3-7-11-2-6-10-4-8-12 
 

16 Bolt Flange      1-9-5-13-3-11-7-15-2-10-6-14-4-12-8-16 
 

20 Bolt Flange      1-13-5-17-9-3-15-7-19-11-2-14-6-18-10-4-
16-8-20-12 

 

28 Bolt Flange      1-13-21-5-17-9-25-3-15-23-7-19-11-27-2-
14-22-6-18-10-26-4-16-24-8-20-12-28 

 

32 Bolt Flange      1-17-9-25-5-21-13-25-3-19-11-31-7-29-15-
27-2-18-10-30-6-22-14-26-4-20-12-32-8-24-
16-28  

 
 
 

 
 
 
 
 
 
(a)   Marked up                      (b) 1

st
, 2

nd
, and 3

rd
 Stage

           
 

      8 Bolt Flange                  Cross-Pattern Sequence 
 
 
 
 
 

 
(c) 4

th
 & Final Stage - 

Adjacent Bolt to Bolt 
Sequence 
 
 

 
FIGURE 6.1.2-1 

LEGACY CROSS-PATTERN TIGHTENING  
SEQUENCE FOR 8 BOLT CIRCULAR FLANGE 

 

Figure 6.1.2-1 Notes: 
 

o When bolt numbering is correct: 
Á All bolts on right side of flange will be odd numbers 

(e.g. ñ1ò, ñ5ò, ñ3ò, & ñ7ò). 
Á Bolts on left will be even numbers. 

o For more application based procedures refer to: 

¶ Guidelines for Pressure Boundary Bolted Flange 
Joint Assembly (ASME PCC-1-2010) 

Á Hydratight Sweeny Joint Integrity Assurance 
procedures. 
 

SECTION 6.2 
HEX TOOL REACTION 

 
1. Hex insert must be correct size across flat (AF) 
2. Hex nut must have full nut thickness covered by hex insert  
3. Hex wrench must be square to stud center line 
4. Reaction surface must be parallel to reaction arm surface  
5. Determine if thread is right hand (RH) or left hand (LH) 
6. Determine if fastener will be loosened or tightened 

a. Plan to place hex wrench head on nut for loosening. 
b. Plan to place hex wrench head on nut for tightening 

(See fig. 6.2-1 for RH thread). 
7. Fig. 6.2ï1 - Proper hex tool reaction with reaction arm. 

a. Preferred reaction method is to use reaction arm. 
b. Contact Hydratight Customer Service or Engineering 

for special reaction arms, or spline covers. 
c. Do not react at sharp angle on reaction arm.   

i. Arrows in fig. 6.2-2 (upper left) show this. 
ii. May cause damage to spline and/or reaction arm. 
iii. Contact Customer Service for these applications. 

 
8. Figure 6.2-5 (top) shows a common reaction method.  RSL 
reacts on power head housingôs flat surface. 
 

Warning!  Do not react against power head splines 

(Fig. 6.2-5 (bottom)).  Use spline cover (RSLxx-700S) 
to prevent damage. 
 

9.  ñBump Reactionò: 
a. Figure 6.2-3 shows a proper ñBump Reactionò. 
b. Most hex wrenches do not have reaction bumps.  
c. Figure 6.2-4 shows a hex wrench without a ñBumpò & 

shows an improper reaction. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE 6.2-1 
PROPER REACTION FOR HEX TOOL WITH 

REACTION ARM 
(Reaction arm must be as shown) 


